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O BEEDEE S GE E DL S PR A E 1 L A O S H0R B H S A MU S B ROEOR . AFROTR T T
BIEADEE SR R OGS B R R - BRI WU R R AREFT, -1 TR T RAEHBIR  JaRE R i
T MR LE TR | RRAE I B (R AT AR L) R it e/ > 30 [T A S Y AT Py R i) A (] H S R MBI A S s TR b
RAALER M-S SRER AT BT, ST R RSO (SR RE TR G SR AT . S5 R
(D3 FhA A LA S A o A1 0 R IITE 10 ~ 20 nm o QA [F] 3RO 4 15 e L 75 SRR ] o XFF Phaeozem AT HLAK
WS, %53 SMPIRHEA TER (E MR L TR . OTEA FREE I BRI IR T i e G A R A e b — 3K, RIRIZERL 1
BRI PRHE I BRI, HorP R RO A AR 398247y Chernozem, FHEIEBEECH 26 1, R*=0.826 5, RMSE=3.438 9 g/kg.
@R S ES B A LR, T — 288 + ERIR) SRS 1 I I 0 3R A5 M L 7 SR — 3. ©)Chernozem A7 Bk
HIESET R GG 15 nm, [FH KT 506.66, FRAER BAAREUECH 26 1~; Kastanozem 7B LIk L SOE S 8077 =R i
SRR 17 nm, EMEHKT 331.42, FREIRBHREEECH 22 4; Phaecozem A WUBREAE S IESETF R OGS0 HER 15 nm, [FMEEL K
T 43251, AFERHBARIECH 191>,

LR . RIEEDGEHN; TN ; KRR SEEAPER, (S SRR BREG SET A ek
FESHES: SI5 XHERPRERD: A

Study on Space-based Hyperspectral Detection Parameters for Quantitative Retrieval of

Organic Carbon in Multiple Types of Soil

LI Zexin'?, GAO Shuang'?, WANG Changkun®*, LIU Guohua'? HU Denghui'>

(1 Innovation Academy for Microsatellite, Chinese Academy of Sciences, Shanghai 201203, China; 2 University of Chinese
Academy of Sciences, Beijing 100049, China; 3 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008,
China)

Abstract: The spectral channel, spectral resolution, signal to noise ratio and other core parameters of space-borne hyperspectral
instruments directly affect the accuracy of quantitative retrieval and prediction of soil organic carbon(SOC). In this study, the
effects of satellite load spectral resolution, signal-to-noise ratio and spectral characteristic bands on the inversion of organic
carbon in different soil types were studied, Based on atmospheric transmission model, spectral resolution analysis model, signal-
to-noise ratio analysis model, a hyperspectral satellite ‘ground-atmosphere-instrument-observation-inversion’ full-link simulation
analysis method for organic carbon monitoring of different soil types was proposed. And the coupling effect analysis of soil type,
atmospheric effect, instrument characteristic parameters and retrieval methods was realized. The results showed that: 1) The best
spectral resolution was in the range of 10-20 nm for soil organic carbon retrieval in different soil types. 2) Different soil types had
different requirements for the observed signal-to-noise ratio, a higher signal-to-noise ratio requirement was needed for organic
carbon monitoring of Phaeozem than the other two soil types. 3) The optimal spectral resolution and signal-to-noise ratio required
under different feature band extraction and analysis methods were consistent. The characteristic bands extracted from the spectral
data of different soil types were different, among which Chernozem had the best retrieval effect, with 26 characteristic bands,

R’=0.826 5, RMSE=3.438 9 g/kg. 4) The retrieval model had no coupling relationship with the instrument characteristic

OHEWH . Bty 58 B A TR L 55 H(XDA28050103) % B .
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parameters, and the best spectral resolution and signal-to-noise ratio requirements of different retrieval algorithms for the same

soil type were consistent. 5) The best retrieval parameters for SOC contents of Chernozem, Kastanozem and Phacozem were:

spectral resolutionl5 nm, 17 nm and 15 nm, signal-to-noise ratio greater than 506.66, 331.42 and 432.51, and the number of

feature bands extracted 26, 22 and 19, respectively.

Key words: Space based hyperspectral detection; Soil organic carbon monitoring; Atmospheric transmission model; Spectral

resolution; Signal-to-noise ratio; Feature band extraction; Variable based optimization method
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Fig. 1 Proportion comparison of various soil types in samples from
Northeast China and LUCAS database
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Fig.2 Simulation ideas and flowchart
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2.2 AIANKSELR B0
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g/kg; Kastanozem SOC J i R* Hi 0.49 [&fILZE 0.44,
RMSE i 8.4 g/kg J155 % 8.8 g/kg; Phaeozem SOC J
# R* 1 0.40 [&K % 0.36, RMSE 1 6.8 g/kg T &
7.1 glkg, KSR 3 SOC Sk A — & fL i
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Kastanozem >4 17 nm, H:#', Phaecozem F1 Chernozem
7E 0 ~ 30 nm I B SO RCR BT, Gk EIbE R T
30 nm J5, BXPIRR R IFEAY SO B ORI BERE A
Kastanozem SOC J {32 i 3 B2 BN, Xl
T3 HER A AR AU DS EIFRFE 0 ~ 100 nm
At , Kastanozem SOC J% i R*TF 0.45 /247530, RMSE
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JTEURE B T I K B AT
2.4 MNERREEEI S

AT 35 M (SNRYSL T HAE BOAL B, KK
SHE SR SNR SEBL T9—KBR, KBRIER R
1337~1487nm 2 1787 ~2012nm, 45REW], SNR
HIIIAA 2 e A G 3 B i B BGE B e, BV7ET

R1 ZHEBTREELIES

TESMHERF SNR WFERIEITT, 3 B HIERADGIE S
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Chernozem SOC J& {8 i AESHCH G /3 PR 15 nm,
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BROERE P 15 nm, SNR KT 670.23, ],
Chernozem A Phacozem A %= M EME LR,
Kastanozem 52 {5 M LU A SE M AR X SR (56T 7 HER 1Y)
SEMTEILIE) . AF TG  HER A (H 3 Fh 135
SOC JIEAETCIE /T HER 10 ~ 20 nm BAHFAY I R
), AFZEHA 41 SOC [ Y SNR F5RANA],

PRETEERIL TR RHEE

Table 1 Inversion accuracies under different SNRs and optimal spectral resolution of three soil types

Chernozem Kastanozem Phacozem

SNR R RMSE SNR RMSE SNR R RMSE
40.30 0.250 6 7.1872 56.34 0.263 8 10.120 0 49.25 0 9.003 0
72.11 03160 6.9259 97.57 0.283 5 9.9513 127.92 0 8.8179
106.89 0.3672 6.584 5 202.42 0.404 0 9.030 0 185.44 0.038 1 8.436 1
250.13 0.453 1 6.073 6 331.42 0.4153 8.982 3 304.19 0.176 5 7.851 4
356.74 0.502 1 5.702 1 470.90 0.427 6 8.8917 432.51 02923 7.3267
506.66 0.557 8 5.4387 667.55 0.4380 8.794 1 670.23 0.3256 7.188 7
621.55 0.558 0 5.4396 966.64 0.330 1 7.174 2

2.5 ANN4FAE R ER A9 RN

2 GEREIUR, FTARRRE I BRI v
SPA. CARS. RF UL} RF-CARS MEfEd:- T4 45
Bridio Hr, CARS MILZH G 7 vARE K FE 3 i T3
SOC MiEMEE ., XFF Chernozem, 4YGiE/r#iRN
15 nm, SNR Jy 356.74 i, $RAEiE BB 7Kk
RF-CARS 414 )72 SOC ks B ey, HEBOGIE 8
TEHCH 26 4>, SOC J i R*=0.826 5, RMSE=3.438 9
g/kg. X} Kastanozem, G108 4 17 nm, SNR
R 331.42 B, FRAE I Be 4 B 125k F CARS J57#: SOC
SR B fer , FRBOGIEEEECH 22 4>, SOC S i
R*=0.643 2, RMSE=6.943 4 g/kg. *IF Phacozem,
MBS HER A 15 nm, SNR A 432.51 B, 45FAFJE
BARHU R CARS Jrik SOC Jbs B e, 12
BOGRE@EESH R 19 4>, SOC i R*=0.576 8,
RMSE=5.558 7 g/kg. $ePURHMENES, OEBCR &
1B 42K A K Chernozem, FLHEEUA 26 MAE D
Bl 602, 633, 662, 737, 783, 798, 857, 915,
1036, 1050, 1081, 1114, 1200, 1245, 1292,
1502, 1636, 1742, 1788, 1965, 2089, 2161,

2190, 2267, 2282, 2327 nm. KJLRPMERAEDL B
U5 1 1) D LR 3 ) e 1 o BT AN T 2 AR O
el RMSE SefERYRAE DB, SO T 5 2 A
INERRRIE S BOGIE 7 HF 3 . SNR Z (8] IF ol & ¢
Z, JURMRBOT 2T TR B G r HER AT SNR
—3.
2.6 AEIREAZEHZEI

23 ) Fl PCR. PLSR S J A AU X 3 Fp 2k Y
+HE SOC MEAT B, X b 1 AS ) Bz 3 3 2k A 5 i)
(3% 3). WiIFh I EF LS R TRIF IR,
B AV AR R IE S BOF G X R, HE 3
AN, ) — 2 A - A R] i J BR  di AE
BRI MR LT R — 2 AN [R) A 1 2 AR5k Y0 )
) SNR 16 3% 7 #F R A A ] iy 23k, Horp
Chernozem SOC J2 {8 75 2K MGk 70 # % 15 nm,
SNR K T 506.66; Kastanozem W 75 3K 4 63 43
HEAR 17 nm, SNR KT 331.42; Phacozem MM 75
K KIEIE S BER 15 nm. SNR KF 43251, HJR
DR A AN R 2R 70+ S b . - 98 4 S FRAE S 50
[ = S U oS S N Tl
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R2 SR TREAERBEERELESPHERTERR LN ARSFERRIBENAZE THRERE
Table 2 Inversion accuracies of spectral data of three soil types with different feature band extraction methods under at optimal spectral
resolution and specific signal-to-noise ratios
EENE D BEHR EL Chernozem Kastanozem Phaeozem

ik Ot ¥R, 150m, SNR: 356.74) (JEiE4r#E%. 17nm, SNR: 331.42) (i ¥E%.: 15nm, SNR: 432.51)
R RMSE RMSE R RMSE
oo 0.502 1 5.702 1 0.4153 8.9822 0.2923 7.3267
AN B 0.524 4 5.6233 0.4515 8.732 4 0.347 5 7.001 4
SPA 0.538 8 54571 0.469 3 8.657 4 03726 6.859 7
CARS 0.802 8 3.6365 0.643 2 6.943 4 0.576 8 5.5587
RF 0.826 5 3.4389 0.5751 7.772 9 0.500 6 59827
RF-CARS 0.860 3 3.1356 0.642°5 7.002 7 0.484 7 6.2562

x3 FRLREABRRREFHSTHREMNISHY
Table 3 Optimal instrument parameters under different
combinations of soil types and inversion algorithms

5) Rl — 2 7Y - AR [R) Sz 38 Bk 1 B A 4
FH SNR TR —5,

6) /N [R) - HFESS AU ) SNR A R A
ARIBZESR, Hd Chernozem SOC i iESEH
SKMOGREMPER 15 nm, SNR KT 506.66, FAE ik Bt
PEHUECHN 26 4~ Kastanozem SOC e fF: /2 il S 5T oK
JIEIESTHER 17 nm, SNR KT 331.42, FAEEBLR
HUBCH 22 s Phaeozem SOC fxfE [ il S 507k ol
T HEA 15 nm, SNR KT 432.51, FRAE I B Bk
H19 14

SR A AR (mm) B SNR
Chernozem+PLSR 15 =506.66
Phacozem+PLSR 15 =670.23
Kastanozem+PLSR 17 =202.42
Chernozem+PCR 15 =513.51
Phacozem+PCR 15 =668.17
Kastanozem+PCR 17 =205.95
3 &g

DRSFN A FZmafE 3 25+ 58 SOC [k e
INGE

2)3 P[RSR -4 SOC i 1 GIE o0 9
FINYE 10 ~20 nm, FH ' Chernozem #il Phacozem N
15 nm, Kastanozem & 17 nm,

DAEZEH + X SNR oK A[E], Chernozem
SOC [ i (X SNR=356.74, i Kastanozem
A SNR =331.42, Phaeozem HJ SNR = 67023,
Phaeozem 3 % i 1 SNR 772K , 1 Kastanozem % SNR
)5 MR R X AR

4)245L3% PN 15 nm, SNR N 356.74 Hf,
FEAE B B 2 M7 i >R ] RF-CARS 4 & J7 ¥,
Chernozem SOC Jiz 78 [R5 5 5y, $ A9 S5 3 3B 4
264>, R*=0.826 5, RMSE=3.438 9 g/kg. )i
JYPEF A 17 nm, SNR N 331.42 i, HRAES BER
TR A CARS &, Kastanozem SOC KUK ¥ fx
m L REUM RIS EE S 22 4, R=0.6432,
RMSE=6.943 4. )Gi%5r#8% K 15 nm. SNR 4
43251 W, FRAEPBAREUT PR CARS ik,
Phaeozem SOC J JHURS B e =i, $EHUR GG 8 HCH
191, R’=0.576 8, RMSE=5.558 7 g/kg.

S 3k

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

X, MAAS, XIE4e, & RS BRI 4R
PRI [T]. A AS2A3R, 2006, 26(3): 901-913.

B, Wi, W, & BT ASREZUREERR
@R [I]. B3R, 2022, 59(2): 461-475.
FMEVK, LR, BRI, 55 TR S RN M
PIREVEAE LA LB AS R BN [)]. HARBE 23], 2017,
32(6): 1074-1086.

Were K, Bui D T, Dick @ B, et al. A comparative
assessment of support vector regression, artificial neural
networks, and random forests for predicting and mapping
soil organic carbon stocks across an Afromontane
landscape[J]. Ecological Indicators, 2015, 52: 394-403.
Mallah Nowkandeh S, Noroozi A A, Homaee M.
Estimating soil organic matter content from Hyperion
reflectance images using PLSR, PCR, MinR and SWR
models in semi-arid regions of Iran[J]. Environmental
Development, 2018, 25: 23-32.

SR, XUEAL, 22010, 4. BT R EmOLIE U Y
HURTHE UG A MLBAG B 53 [0]. B pg Aol KA
MALRELF), 2017, 37(6): 171-177.

XA, RIGTT, WAL, 4. GG B B LA AL
B AL R A sE A (0], St 544, 2012, 323):
739-742.

S, IR BRI K i S N 1 1R RS BT 5
[D]. dtat: hEREEBE R, 2021.

http://soils.issas.ac.cn



534

RN T 22 Y A LR E B S A R R G RIS R

645

(9]

[10]

[11]

[12]

[13]

(14]

TR, ERT . SUNRIRB AL SO (X 2 i R
B A5 MR LU A 38 R TR 4 7 IR TS (D). DeE o4l 2003,
23(11): 1335-1340.

Bao Y L, Meng X T, Ustin S, et al. Vis-SWIR spectral
prediction model for soil organic matter with different
grouping strategies[J]. CATENA, 2020, 195: 104703.
Sadeghi M, S B, Philpot W D. A
physically-based model for remote sensing of soil moisture

Jones linear
using short wave infrared bands[J]. Remote Sensing of
Environment, 2015, 164: 66-76.

Gomez C, Oltra-Carrié R, Bacha S, et al. Evaluating the
sensitivity of clay content prediction to atmospheric effects
and degradation of image spatial resolution using
Hyperspectral VNIR/SWIR imagery[J]. Remote Sensing of
Environment, 2015, 164: 1-15.

Du S S, Liu L Y, Liu X J, et al. The solar-induced
chlorophyll fluorescence imaging spectrometer (SIFIS)
onboard the first terrestrial ecosystem carbon inventory
satellite (TECIS-1): Specifications
Sensors, 2020, 20(3): 815.

Castaldi F, Palombo A, Santini F, et al. Evaluation of the

potential of the current and forthcoming multispectral and

and prospects[J].

hyperspectral imagers to estimate soil texture and organic

[15]

[16]

[17]

(18]

[19]

[20]

[21]

carbon[J]. Remote Sensing of Environment, 2016, 179:
54-65.

Ballabio C, Lugato E, Fernandez-Ugalde O, et al. Mapping
LUCAS topsoil chemical properties at European scale
using Gaussian process regression[J]. Geoderma, 2019, 355:
113912.

[ 5 i M B A S A R, T bR A B R
£ hEEHER SRS GB/T 17296—2009[S]. bt
Hh [ o S RiA, 2009.

TR, PREW, KHRE. R R ES L
(WRB): B2 FUE R[], 13, 2003, 35(4): 271-278.

[ A S o S o =y i R E N A RS A AWAN
— A B R AR, 2005, 17(1): 5-8.

XUCHE, d iRk, Bk, &5 B 5ES LR RE
N fede e | MR 4B [T]. AR RRE, 1981, 6(1):
25-35.

Poggio L, de Sousa L M, Batjes N H, et al. SoilGrids 2.0:
Producing soil information for the globe with quantified
spatial uncertainty[J]. SOIL, 2021, 7(1): 217-240.
Vermote E F, Tanre D, Deuze J L, et al. Second Simulation
of the Satellite Signal in the Solar Spectrum, 6S: An
overview[J]. IEEE Transactions on Geoscience and Remote
Sensing, 1997, 35(3): 675-686.

http://soils.issas.ac.cn



