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Fig. 1

Location maps of the research area (a: Xinjiang map, b: Ebinur Lake basin) and photographs

of the landscape (¢, d, e) and sampling method in quadrate, (f): five-point sampling method
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FI I ASDField Spec 3 S35 4 I & + ¢ Vis-NIR 6.
ik s FER K 3 1 10 nm(350~1 000 5 1 000~2 500 nm [X.
B, BRFEMEFAY 1 nm, il B BECH 2 151 4~ RHO6IE
PR S TR WG = R AT — A 56 A UE C Y pg 2K T (50 WO
BB AE S 30 em &by AR 457, SETE N E I g i AR
T IEREAN E 10 K5 . AR R0 B ARCE bR, B T IEREA
FHITME 10 W IR8J5 ¥ HOP Y — 61 AE v dw 28 14 S 5
D

T 1 2 Ak 9 385 I B (350~ 399 I 2 401~2 500 nm)
AFAEE I LA MR RS PR I 3 79 A 0 L PN 1 8 B A Bk o A
400~2 400 nm 5 B N B9 GIE AT B 9 & 1 Savitzky-Golay
(SG) V. 2% Hong FEM I, KH 10 nm 1Y R ¥ 1)
W . IR FORFEAF S 201 AN I B R AR T (RO,

T HOGE B AAEE . T E &, WY E
s TG E I ES B — B i o (irst derivative, FD) 5
T BRI S, 5 H O 1 IR 1 Y % £ 48 2K BR (continu-
um removal, CR) . 3 B4 Fl 15 kb 2 5 A ) 1z B A F 63 4
M, HA AR A o,
1.3 ZHM=BFHXRY

TG 15 BOR 5 3t 19 OGS AR 0 B B AT AL G
5 B X e 2 b A R B T S SUKE O i T  —
Y RENT 4, BRSFIR TOCEBZ R A EXRT, 7
B AT LA kB = Aok 48 2. TR SOMC /) 3
BB o B B R B A A (D —3(3)

RI = R,y /Ry, @)
DI = (R — R») (2)
NDI = <R/\I - RAZ)/(RM + Rm) (3

Horr, RICH H{E 48 %k (ratio index) ; DI 5 2% {H 48 %k (difference
index) ; NDI 21— 4k 45 %k (normalized difference index) .

%% Tian 0 B SE B . AW 504 BT 8 3 P W U B
FEEC R A0 Y B Al E RN =SB A BRI (o) —
7 (6)

TBI-1 = (RAI _R;\Z) + (RAS _R;.z) (4)
TBI-2 = Ry /(R + Rys) (5
TBI-3 = (R — Rp2) /(R +Ry) (6)

A, TBE1 b = BE 38 % 1 (three-band index 1); TBI-2 2
=i Bedg B 2 (three-band index 2); TBI-3 2 = i B %% 3
(three-band index 3),

HDO—RE P, Ry s Ry Al Ry 43 HIMLEE T I K AE 400
~2 400 nm JEE PIEE Ars Ao FAs AU BEOOGIE T R . M
KRR MATLAB 2018b 58 i, J5t i Ot 3% (RO A 4k

Original reflection spectrum curve

First derivative spectral curve

FL 6% (FD F1 CRO #8428 B £ 6 35 45 4.
1.4 &£&5M55EERN

i i Kennard-Stone(K-S) 5 i #F 17 £ 42 55 & (19 ) 4357
120 A T EREA B 43 U AT 45, Hodr 90 ASFEA T T i,
30 ANFEA X {5 45 B AT B0 E . SVM |y Vapnik 48 F 1995
SRR B AT R MU A A KU O B S R Rz AL RE T . RE
% 50t 3t it e 5k 4065 R ) 8 e DA A S ) R, /R AR AR 4R
P R 2 O A B A R A R RO, BE BT N Ok
TE A BT 5 HEA - 5190 SVM 78 MATLAB 2018b a1 4 #2 51
PUAZ oA B B 5 e PR A 9 RBF ) A 48 2R 15 3 D7 48 111
SR c MIAZES o 1AL G 308 T 402 v 5 TR0 1 90000 06 B
1.5 BEEBEERR

BEE = A S B I K B RSO AT T A P R
(R, ¥ MR 2 (RMSE), HI%F 4> #7i% 2 (RPD)., Chang
SN RPD 430 3 JER I BE R A T k. 24 RPD<<1. 4
A, R R LA R E TR R 2, AHEEE A 1.4
<<RPD<C2. 0 A, 8 8a) DL 32 Ik 45 oy & 2 09 100 45 5 4
RPD>>2. 0 B, 72 WA Y 9 F0 00 25 SR Al 3 47 o — e R A 19 13
TSR 4 B %8 i 9 R” (0.8 ~1.0) #1 RPD, Lk F 4/
RMSE,

2 #ZR5vhe
2.1 A[EH SOMC F f §f ¢ i ih 25

H & 2o Al A, LG AR AE 1 450, 1 950 F1 2 200
nm P #R AR AE K S R o o, 1950 nm AbdR AR, X
5 AE X BIF T 45 5 — 5 FD OB AE 440, 580,
900, 1 400 # 2 300 mm 43 i th B8 T 7 [F] (¥ 1 F e { . AT AL
FD 7 LA™ 5 J5 06 5500 i R 3 JE e LR 2(b) . 38 B2 55 2 B fif
15 MR R AEAS ) T B2 R LI 2Ce) T, 4m 500 T 1 100 nm
14 7 55 WSO A T 452 40 2 ok il 6 v T DAL Ok L TG 7E TR AR
S5 o AN B

x1 TEBHREE(SOMC)H Gt
Table 1 Statistical characteristics of the
soil organic carbon content (SOMC)
Whole dataset 120 0.07 4,03 1.25  0.90 72.10
Calibration dataset 90 0.07 4.03  1.18 0.89  75.76
Validation dataset 30 0.12 3.58  1.28 0.91 71. 26
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Fig. 2 Different pretreated SOMC spectral curves
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o il B W 2.2 —HBXESH
06 1 : : : : : R 15 SOMC fAH 261k i 088 79 » {4 550~710 nm
& W B 0. 01 KF BB EMRK (p7 " = 10.234), $LH]
go2 R 5 SOMC USRS AT (B 3) . AR % 5t FD S, &
ER EVEW R TE . JHIRE 620~950 nm Ab . 4 B K A
.02 % A% (maximum absolute correlation coefficient, MACC) %
04 | 0.52 7£ 870 nm &b, CAHMR I Bz M F4E C—H )
O w120 1o 200 2400 Wt . 5 SOMC B A0, it CR ARFEJG - A6 7 5AE
Wavelength/nm 610, 1410, 1 870 F1 2 240 nm K T35 T — @ B T H.
B3 SOMC 5RHEAEMARBMAEAEN—BERRE  Joppgesks £ B B p MACC 4 9 3% B (Ryo » FDyoo

Fig. 3 One-dimensional correlation coefficients between SOMC

and raw reflectance and its transformation

CRusso) » FHT )G 2 X BG40 7 A T (5% 2) &

F2 —HAEHENM_HXTHEBPEHRORIESH
Table 2 Most sensitive spectral parameters in One-Dimensional spectral data and Two-Dimensional indices
A, U R

1D Data MACC Ratio index MACC Difference index MACC Normalized index MACC

Re1o 0. 29 Rz 250 » Ry 200 0. 48 Rsso» Rsro 0. 49 R 250 s Ra 200 0. 48

FDgro 0. 49 FDg70 5 FDy 250 0.53 FDs70» FDz 270 0.59 FDs70 s FDi 90 0.52
CRy 240 0.41 CRsgo s CRooo 0. 47 CRs90 s CRyoo 0.47 CRsgo s CRooo 0. 47

2.3 ZHEXEDT 1100 nm) (& ) X 5T N HFFE 2R — 280 e W

3 AT L s R O AR B R A B FE B 2 OR T — 4 A
KRE. Hp RAEMEHEEDODLE 415 R — 4508
(DA MACC 425 T 0. 2, 76 BT A B ik B 46 50Hh A o6 v
Bl I B A E AR P 1 AT UL Ol AN O 40 A IX 38 (400 ~

@) R-RI

2.4

= N
2 2
g 38
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P B e K oy o TERT A = Beis Boh . R AU 1y

W B Hb, FD 5 SOMC By Uk I B 5% , b FD-DI[ & 4
(e) 1133 A9 MACC & K 0. 59, REUEF I8 50A0 415 2,
W32,
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E
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I, Hodp TBI1 19 MACC f Kk E) 0. 70, #£ FD rdg g1
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nm, EFPFFTUEN] 2 300 nm HEEFEAE— A5 SOMC X1
C—H FRAFWE™ , RN ok F . 5 F FD i) = 3 Bt4g
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Hop (B 5. B 6 FE 7. FRAENE N 890 1 900 nmC 5 @ f AH L BB BIR BOT- 4R T 0. 18 R4k 5 1Y = B B BOR Al
BADI o TR SIA XD, 1 670, 1720 A1 1 780 nm (5 SOMC BONA F S AYFE AR+ 7] I o 5 78 P 5 Be 45 v 18 —
C—H KM RENA K. 1 900 nm (5 HERMWMAK . K BRE. IREMERINIENEL. Lk 2.
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s
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B 5 TBI-1 71 SOMC WX R# Y H &
(a, d, @458 R, FD#1 CR /K8 R Bl (b, e, b)430h R, FD fil CR {3 ) A & 5
Ceo £. D452 Ry FD #1 CR B AEY] )7 18]
Fig. 5 Correlation coefficient slice diagram of the TBI-1 and SOMC
(a, d, g): Horizontal slice map of the R, FD and CR, respectively; (b, e, h): Vertical slice map of the R, FD and CR, respectively;
(c, f, 1): Optimum slice map of the R, FD and CR, respectively
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B 6 TBI-2 #1 SOMC WX RH Y H &
(a, d, @458 R, FD #1 CR 7K FH R Bl (b, e, h)430H R, FD fil CR ()3 H ) H & 5
Ces £, D45 R, FD F1 CR £V R E
Fig. 6 Correlation coefficient slice diagram of the TBI-1 and SOMC
(a, d, g): Horizontal slice map of the R, FD and CR, respectively; (b, e, h): Vertical slice map of the R, FD and CR, respectively;
(c, f, 1): Optimum slice map of the R, FD and CR, respectively
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Fig. 7 Correlation coefficient slice diagram of the TBI-1 and SOMC
(a, d, g): Horizontal slice map of the R, FD and CR, respectively; (b, e, h): Vertical slice map of the R, FD and CR, respectively;

(c, I, D: Optimum slice map of the R, FD and CR, respectively
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Table 3 Most sensitive spectral parameters in Three-Dimensional indices
=4GR
Three band index 1 MACC Three band index 2 MACC Three band index 3 MACC
R2 100 » Ria205 Rago 0.70 Ri 20+ Rz 0005 Rsoo 0.68 Rz 200+ Rz 2505 Rioro 0. 66
FDy 740 » FD3 260 » FDgro 0.67 FDs70» FD3 260 s FDy 500 0. 64 FD: 260 » FDgso» FDy 500 0. 64
CRi7s0s CRi7205 CRig70 0. 65 CRi720» CRi780s CRig70 0.63 CRgg90 s CRgoo s CRi 900 0.63

2.5 RESHEINEREK
Hie 2 A3 3 AT AT, 7E—ZEotig Bl . R i MACC 8
& ¥ FD #1 CR; 76 —ZiSti% i &b R B MACC g &
CR; WMifE =4tk 80h . R ) MACC ¥ X F FD Il CR,
F 50 45 S Ul 1 O 15 104 2 AR B 22 48 B2 06 3% B3 ) 40 Y ) 3 5
N T 4 B2 B S 2 80 (3R 2 R 3) A B4R i i) SOMC
WA BRI RGUNBAEA GR Dy BRIESE P iy SOMC 4 Jy

BB AEA (K D s R*, RMSE H1 RPD 4 2y #5050 1 ] 4 fig
RPEA R AR (3R 3) o BRI JC I 7 A 2 8 UE Uy T
TBI ¥ BA F Ak RMSE Flf KA R* Fl RPD, #3355 T %
AR T P B TBIL B8R . R =0.85. RMSEy =
3.67, RPD=2.43; P B BRIz, H, NDI
WORBEAG. RPD A H] 1.88; 1D $4l R fix 5. RPD U h
1. 60,

*4 ETFSVMESOMC & E5MNLE
Table 4 Calibration and validation results of SOMC based on SVM

e A
L aa N Elti% RMSE¢ N R% = LEiRMSEV RPD
1D data SVM 90 0. 66 5. 77 30 0. 64 5. 57 1. 60
RI SVM 90 0.78 4.62 30 0.75 5. 04 1.77

DI SVM 90 0. 76 4. 80 30 0.78 5.22 1.71
NDI SVM 90 0. 80 4. 96 30 0.78 4.76 1. 88
TBI-1 SVM 90 0. 88 3.47 30 0. 85 3. 67 2.43
TBI-2 SVM 90 0. 87 3.62 30 0. 83 4.09 2.18
TBI-3 SVM 90 0. 85 3.70 30 0. 82 4. 26 2.10
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FRdE 1+ 1 4. Hop @i Jf CTBI-1) — SVM 1 i 0 2 R 5 4F
(R%=0.85, RMSEy =3. 67, RPD=2.43), H 4Pl & & & e
WP T AW By BT R AL,

DI Calibration (n=90) NDI Calibration (7 =90 )

4 -] 2 2 4 2
R’ =0.664 R?=0782 R?=0758 R?=0.799
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R%=0.851 R>=0.834 R?=0.823 .
< v © v < v — ok
g 4 RMSE, =3.673 g 4 [RMSE, = 4.08 g 4 [RMSE, = 4261 AR AL & 2
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Quantitative Estimation of Soil Organic Matter Content Using
Three-Dimensional Spectral Index: A Case Study of the
Ebinur Lake Basin in Xinjiang

ZHANG Zi-peng, DING Jian-li* , WANG Jing-zhe, GE Xiang-yu, LI Zhen-shan
College of Resources &. Environmental Science, Xinjiang University, Urumqgi 830046, China

Abstract The spectral characteristics of soil are the external manifestation of physical and chemical properties in soil. Estimating
soil organic matter content (SOMC) by visible-near infrared (VIS-NIR) diffuse reflectance spectroscopy could provide an
important scientific basis for the rational development and utilization of land resources. However, the soil is a mixture of many
substances, and its hyperspectral data have overlapping absorption of certain components (such as salt particles and minerals) ,
and there are collinear problems between the bands, which bring great challenges for spectral analysis and modeling. Through
the iterative operation, the spectral index method not only fully consider the synergy between the bands, but also has the func-
tion of minimizing the influence of irrelevant wavelengths. In addition, the method extends the spectral features from one dimen-
sion to multidimensional, and can easily detect and distinguish subtle absorption peak. In this study, 120 soil samples were col-
lected from the Ebinur Lake Basin in Xinjiang. and SOMC and spectra were measured indoors. Hyperspectral data were prepro-
cessed using first derivative (FD) and continuum removal (CR). Based on the existing two-band index. the third band was add-
ed, and the three-band spectral index (TBI) of three SOMCs was constructed by using the optimal band algorithm. The rational-
ity of TBI was discussed from the spectral mechanism. Finally, according to the modeling effect of support vector machine
(SVM), the accuracy of SOMC estimation by different dimensional spectral parameters was further compared. The research re-
sults showed that: (1) Spectral pretreatment technology could weaken the noise information in the reflection spectrum to some
extent and highlighted more potential spectral information; (2) Through comparative analysis, the correlation of SOMC in-

creased with the increase of the spectral information dimension, that was, TBI>>two-band index™>one-dimensional spectral pa-
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rameters; (3) The newly developed TBI provided better estimation results than the two-band index and one-dimensional spectral
parameters in the modeling and verification process of SOMC. The TBI-1 had the best estimation effect and the determination co-
efficient of the modeling set. (R%) was 0. 88, the decision coefficient (R} ) of the verification set was 0. 85, and the relative anal-
ysis error (RPD) was 2. 43. In summary, this study compared the response and modeling accuracy of different dimensional spec-
tral parameters to SOMC. It was found that the three-band spectral index was an important parameter for evaluating SOMC and
had good performance. In addition, the combination of TBI and SVM algorithm could weaken soil noise information, improved

the prediction accuracy of SOMC, and had strong application potential in the estimation of other biochemical parameters of soil.

Keywords Hyperspectral; Organic matter content; Correlation analysis; Three-band spectral index; Support vector machine
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