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Estimation model of soil organic carbon content in lakeside oasis on the
west coast of Bosten Lake based on spectral index
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(1. College of Geographic Sciences and Tourism, Xinjiang Normal University, Urumqi 830054, China; 2.Xinjiang Laboratory of Lake Environment and Re-
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Abstract: Taking the lakeside oasis on the west coast of Bosten Lake as the study area, and the in situ hyperspectral
data and soil organic carbon (SOC) content were taken as the basic data. Four mathematical transformations were performed
on the original spectrum to explore the relationships between bow curvature difference ( C), difference spectral index
(DSI) , simple ratio soil index (RSI), brightness spectral index (BSI), normalized soil index ( NDSI) and SOC content.
A SOC content estimation model based on random forest method was established. The results indicated that the content of

SOC was mainly concentrated in 5.25-78.76 g/kg, the

%S H 8. 2021-07-11 average value was 21. 82 g/kg, the coefficient of variation
EEUH . BE ARSI H (41661047 ,U2003301) ;58 H 2 5 was 69.11%, showing moderate variability. Under the
IR AR X S S = TR A (2018D04026 ) spectral data IgR, the correlation coefficient between SOC
TEE BN 4558 (1995-) , 5, H FEIR A, B0 53 4, B 98 7 () content and DIS index was the highest, the correlation co-
TR X A 4 U A Ak S LR RN A SY . (E-mail ) ni- efficient was 0. 80, and the best combination band was
ufp0225@ 163.com (1758 nm, 1752 nm). The R* and RMSE of the model

BIAEE : 28, (E-mail) onlinelxg@ sina.com validation set based on different spectral indices and C
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were 0. 67-0. 84 and 5. 85-8. 45 g/kg, respectively, and the RPD of the model was above 1. 66. Based on the transforma-
tion of spectral data lg(1/R) , the R*>, RMSE and RPD of the model validation set were 0.82, 3.52 g/kg and 3.99, re-

spectively. The model can better estimate the SOC content in the study area, and the research results can provide the basis

and reference for the inversion of SOC content in lakeside oasis in arid and semi-arid regions.
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Fig.1 Geographic location map of the study area
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21 TEAWBRSESITHH
a1 AT, 98 IX SOC & & FEEDLE
5.25~78.76 ¢/kg, F-HI{H K 21.82 g/kg, T H1 454

Stk AR SR BON 69. 1%, BENLEI 4> HEAE 4L 5 5
UESE,SOC & : - 34{H 5351 22. 03 g/kg il 21. 42
o/kg, S ZEAY B K 71, T7% 1 65. 50% , Hi# H 2%
K, BB Hb S BRI X SOC & f 7K

*1 TEGNHRESEHEEST
Table 1 Descriptive statistics of soil organic carbon content
. o I /M ¥ T2 s S 2
FAE Fs (o> (o (ko) (ko) e
FEA SR 47 78.76 5.25 21.82 15.08 69.11
i e 31 78.76 5.25 22.03 15.81 71.77
IR 16 55.30 6.39 21.42 14.03 65.50

22 ETSHENTERNKRSEEE

FIFH 5 PR [F] St 3 Ficis 1) =5 il 22 g7 i 58 IX
SOC ity PLSR #l RF A4 fi3& 2 A0, JRi a6 ot
TERE (R) 1= Hh 22F #E Y PLSR 5 RF AL SR 45
7 BAIEEE R* 4350 0. 65 F110.69,RPD 433k 1. 14
2,07, PLSR ZeMERAI Sl 5d 1o (1/R) 1 5
Hl 22 R R e U B R SR 0. 69, RMSE Sl 1275

*2 ETSHENTZEBYBESE PLSR 5 RF #3!

g/kg,RPD 24 1. 105 Y6354 R, 19 =5 il 22 B AR R
2% R* 4 0.51,RMSE 3 13.03 g/kg,RPD 4 1.08,
55 PLSR BLRUM LU, RF ARV TN A8 1 3404 BT 7t
RPD KT 2. 005 5T IS5 VR 19 5 M 22 M9 21
RF #5080 /e i, R M 0. 83, RMSE J9 6. 14 g/kg,
RPD 2} 2.29,

Table 2 PLSR and RF models of soil organic carbon content based on bow curvature difference

PLSR #71 RF i1

b AR R JR AL U /R

R? RMSE(g/kg) R? RMSE(g/kg)  RPD R? RMSE(g/kg) R? RMSE( g/kg) RPD
R 0.54 15.24 0.65 12.28 1.14 0.60 8.95 0.69 6.78 2.07
1gR 0.52 15.36 0.58 12.75 1.10 0.66 8.39 0.70 6.73 2.08
lg(1/R) 0.52 15.36 0.69 12.75 1.10 0.66 8.51 0.73 6.61 2.12
JR 0.64 15.25 0.64 12.38 1.13 0.70 8.87 0.83 6.14 2.29
R 0.51 15.45 0.51 13.03 1.08 0.61 7.97 0.79 6.32 2.22

R R GG ST 1R SR RIS B RSB B s 1g(1/R) SRR ETE B R BB X B e VR RIS SR T IR AR e s R, < SRR
il SR L LR R? (UL R A RMSE ) )T iR IR ; RPD AR HTiR 22

2.3 HXiEEBETEFVRSEEXES T
& 2 AT AN DGR A AR 3 N ARG
5 E AR S A R B A A B 22 5
TEJFEHAOGTE SR R H,S0C & 5 DSI $8%0 RSI
FEEURN NDSI $850 Fe A4 A I Be YoM (481 nm , 480
nm) (942 nm,941 nm) (999 nm,993 nm) , H KAHK
FZHUMN-0.68 0. 66 0. 77; 55 BSI FaE 5 KA &
FECH-0.65, i HEH AU BN (1 955 nm, 1 851 nm) ,
55 DSI SRR MR 20 B i B B A 7E 412 ~
548 nm ., 586~ 701 nm,794~ 871 nm 12 112~ 2 162

nm, 7 lgR JGEEHREE T ,50C & &5 DIS 84k,
RSI 8% BSI 85001 NDSI 8505 KA R 50550 R
0.80.-0.70.0. 76 .—0.69 , Fc FELH A I BE /3 (1 758
nm,1 752 nm) . (943 nm, 941 nm) . (1 833 nm, 677
nm) (999 nm,993 nm) ;7€ lg( 1/R) Y4 T, SOC
it 5 DIS 1844 .RSI 1554 . BSI 840 F NDSI $5 %%
T R E ) -0.77 . -0.68 .0. 76 . —0.70, Fe fE4H
BB 9 (1 047 nm, 1 046 nm) . (942 nm, 941
nm) (1 838 nm,676 nm) (943 nm,941 nm) ; 7E/R ¢
TEHIE T ,S0C & i DIS $5%0  RSI $5% .BSI 5%
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Fig.2 Two-dimensional diagram of correlation coefficient between four spectral indices and soil organic carbon content under different

spectral data transformation

24 ETHEEBNTERIRSEEE
oy E S B E R 1gR 1g(1/R) VR FI R, 1Y
DIS $5%5 RSI %5;%1 BSI #8800 NDSI #8580 5 275 ith
ZZHAAER SOC F i Al FHAR Y T 75 7 2l 57 A8 d
F RF J5ikr A 2 SOC 7 2 1 = el ﬁﬁ%ﬁ*ﬁ“
FH 3R 3 Wl FEIR AR IS A I R v, DST 4845 ND-
STFEE SOC RS B f5c i, R 390 0. 75, RPD>
2. 00; 7EYGIEEHE 1gR T, BST $5%0HY SOC F NS
5, R* 0. 84, RPD 2. 14, DSI #5011 SOC %Y
KEREBAR, R* M 0. 73 726154 1g(1/R) W, DSI
FEELY SOC A BN F fie &5, R* 4 0. 82, RMSE

6.44 g¢/kg, RPD H 2. 18; fEGIE B VR 5 R, 1,
RSI #5011 SOC 5 RUAE B o &5, R® 43 51 R 0. 81,
0.76 ,RMSE 4351 6. 67 ¢/kg 5. 67 g/kg, RPD 433
42.10.2.47, 20 A TN AR A b T VR )
RSI 484k RF BEAL A T0I0 58 7 B AN, et KL W i S5 0F
XA SOC &, K 5 PGS EHE 19 DIS 545,
RSI +8%% . BSI 18 %0H1 NDSI 185055 5 5 i 24 &
AT SOC 1 RF &L, Z5 R R TR TEZ
PGSR RS, SOC 7 it 1 U AR A A
[ R B A 2 T, B 9 R® R RMSE 430 A F
0.69~0.81 F17.99~9.01 g/kg, ¥ i £ () R* Al
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RMSE 43 514> T°0. 67~ 0. 84 F15.85~8.45 g/kg, 1
R RPD Y97 1. 66 LA I, LTI RE 77 A A [m] 7 B2

R3 ETHREEHNTEANRSEER

FEETE, T VR GG TR BOM 5 #h 22 18 SOC & Al
BRI Az AL RE S

Table 3 Modeling of soil organic carbon content based on spectral index
. AR Unalle S HAAR BriiEsE
iﬁféi‘ﬂ(ﬁ Sei e ; o rep || CEROE ; s RPD
AR IE R RMSE ) RMSE AR T = R RMSE R RMSE
(g'kg) (g/kg) (g/'ke) (g/'kg)

R DSI 0.68 6.99 0.75 6.21 2.26 R DSI+C  0.69 9.01 0.70 6.49 2.16
RSI 0.66 7.10 0.71 6.51 2.16 RSI+C  0.70 8.95 0.75 6.55 2.14

NDSI 0.69 6.96 0.75 6.76 2.08 NDSI+C  0.70 8.82 0.76 6.95 2.02

BSI 0.66 7.18 0.70 7.94 1.77 BSI+C  0.70 8.98 0.71 6.85 2.05

IgR DSI 0.68 7.10 0.73 7.62 1.84 lgR DSI+C  0.75 8.45 0.75 6.48 2.17
RSI 0.69 6.98 0.77 6.88 2.04 RSI+C  0.77 8.35 0.79 6.28 2.23

NDSI 0.69 6.95 0.76 7.10 1.98 NDSI+C  0.76 8.32 0.82 6.56 2.14

BSI 0.67 7.03 0.84 6.57 2.14 BSI+C  0.75 8.45 0.82 6.60 2.13

lg(1/R) DSI 0.70 6.97 0.82 6.44 2.18 lg(1/R) DSI+C  0.75 8.45 0.76 8.45 1.66
RSI 0.72 6.83 0.79 6.82 2.06 RSI+C  0.75 6.38 0.67 8.36 1.68

NDSI 0.70 6.96 0.78 6.86 2.05 NDSI+C  0.76 8.30 0.77 5.85 2.40

BSI 0.75 7.17 0.76 8.90 1.58 BSI+C  0.74 8.58 0.77 6.39 2.20

JR DSI 0.50 6.96 0.78 6.86 2.05 JR DSI+C  0.71 8.89 0.80 6.28 2.23
RSI 0.50 6.86 0.81 6.67 2.10 RSI+C  0.71 8.85 0.83 6.01 2.33

NDSI 0.69 7.40 0.70 7.65 1.83 NDSI+C  0.71 8.76 0.84 6.11 2.30

BSI 0.74 7.13 0.77 7.86 1.78 BSI+C  0.72 8.75 0.77 5.97 2.35

R DSI 0.70 5.36 0.77 5.65 2.48 R DSI+C  0.79 8.00 0.80 6.61 2.12

RSI 0.74 5.08 0.76 5.67 2.47
NDSI 0.74 4.96 0.75 5.65 2.48

BSI 0.73 5.05 0.72 5.83 2.41

RSI+C  0.80 7.99 0.83 6.57 2.14
NDSI+C  0.81 8.05 0.78 6.30 2.23

BSI+C 0.80 8.13 0.74 6.58 2.13

e BRI XL 2 1, R? P2 R RMSE ¥ 5 R 2, RPD AR 43 MT iR 25 . DSI: 22 GIE 8% RST . 7 B LA - 348 4%, NDST . 15—

M SRR B ; BST: S BEOEEAR B €. S il 22

FESCIEBIR A (LR L A 4 ok se s s
52 A I TR R A R 4 RTAT SIS
Wi R, HEST ARG IESE RN 0. 63, RUSE A 8. 42
o/kg ,RPD 4 1. 67 AH T H AW B 4 1l 7 iy A Al
TR e 2% s s B R HE ST RS RSO e, R
H}0.79, HEUEE R h 0.81, B B5 T
lg(1/R) B84 il 1g (1/R) N7 ALY B 56 4iE
£E R* 9 0. 82,RMSE J93.52 g/kg,RPD J33.99, it
ZEATEA, 5 RIS R 7 AR R PPN 280 A, Xt
SOC & il 3 B AR AR I M g (1/R) >+/R >1gR>
R>R, , ViR FHEIE S 1g (1/R) B AR Y ] IAR
ARG IX SOC F &

R4 ETHBHETHENIEANRIEER
Table 4 Modeling of soil organic carbon content based on spectral

data transformation

o AR oan
Pl e RED
AR 2L 2 RMSE ) RMSE

(g/’kg) (g/'kg)
R 0.71 6.88 0.71 451 3.11
1eR 0.70 6.89 0.73 4.30 3.26
lg(1/R) 0.70 6.85 0.82 3.52 3.99
JR 0.79 6.85 0.81 3.82 3.67
R 0.64 8.48 0.63 8.42 1.67

gL R I K 2 . R e R RMSE . ¥ )5 lRAR 2,
RPD  MIXF 43 Wi 22
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VR A 38 A X R R A T R A
I P HCHEIL, v] LA R0 46 e 75 o H AT
(RRZIN | T3 R B ] A A DG, TR IB IR 5 3 T
DSI F8EO A MU & BT T W00, R 0. 79,
RMSE 3 4.71 g/kg, RPD 4 2.30"7 | ki %5 LA
TEDCF RN 2 B IRGE X, & B 4 A0 S o B
IO REHE B PLSR EEASRCRAL T —4EAH %
PE A3 B A SRR B, LT NDST R BB R 1 &
Ptk il B UEEE R* A 0. 82, RPD {4y 2. 46, #5571
Rl SE | R E SN, R = I B ST Y 600
nm 5 [ 25 S FIOG 50 ek B0 Y T DL A b S 3
THEAHLF A B R T DL R
TR B A IR R A 38 A LB 2, (H
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