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Table 1 Statistical analysis of soil organic carbon content under different soil types
+4 FEARGE P/ % PRifE2E/ % L 9ES P £ RIAE/ % wR/ME/ %
Soil order Sample size Mean Standard deviation Kurtosis Skewness Maximum Minimum
. FAmL L 31 1.79 1.42 0.87 —0.38 5.47 0.26
Semi-hydromorphic soil
7Kﬁ2i( . 12 2.19 1.14 —0.20 —1.17 4.01 0.09
Hydromorphic soil
25
oL 18 1.08 0.66 0.74 —0.53 2.63 0.31
Primosols
BEL 75 1.69 1.05 1.47 2.88 5.85 0.05
Pedocals
L . 12 2.79 1.96 1.12 0.24 7.54 0.56
Leached soil
T';M?ﬁi . 12 2.13 242 2.22 4.06 9.44 0.02
Semi-leached soil
*2 ARTHFIAXBTLEANKRSEELSITHH
Table 2 Basic statistical analysis of soil organic carbon content under different land use types
IR HA%L R/ briE2/ % Uz i RRAH/ % HR/ME/ %
Land use type Sample size Mean Standard deviation Kurtosis Skewness Maximum Minimum
Bt
33 1. 1.43 2.13 6. .54 .02
Cultivated land 53 66 ° 09 7o 0
R 6 3.01 1.00 —0.24 —1.94 4.01 1.60
Forest land
. A 104 1.77 1.39 2.31 8.27 9.44 0.05
Grassland
Hofs -3
17 1.75 1.02 1.17 0.53 4.45 0.69
Others
BH S R ) A1 % 38 J& (ZY1-02D 5 )%3% L Landsat-8  R*=0.57)""
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FH LA 27 > SR B S i A% 8% ) SOC B JORS BE AR
J2, 2 S U KRR S S, S B RO
155 T U, T AT Dk B e LT T i £ A T K
SR B, R T R AR T R R L
B AN RN B ARG AR A R R AR
FEAEIR GG ot RIS TT N TR A R Al
L), FHOLIRE I AR RN R R LR AL,
6T FF 0T i £ SO B3 B 18 SOC B, AHER T 5 %2 H
SRR I ) T 3t 59 % A K BH YRR (RF, R*=0.53;
SVM, R*=0.50) , Jt: 1% e o 1 & 19 % N N 3 D6 I8 il
T AT M RS S AR T T O O AT
AT AF M 45 R (RF, R? =0.53; SVM,

AR B A GRS X SOC [ fif B RE 1 47
TE 3 25 5 m G LR (ZY1-02D) () 155 ALK B
(RF,R*=0.43; SVM, R*=0.40) i 2 1 T [F] 2% a]
A3 PER ) £ 5% 1% A (Landsat-8) (RF, R?=0.28;
SVM, R*=0.37) , % B 615 53 342 T ml A7 5400 i
X SOC i % I B (% 4 $2 68 7, 1k T 48 e 5 A8 H
BE2 A, Sentinel-2 1 SOC 2 i K5 ¥ (RF, R*=
0.34; SVM, R*=0.38) B {i. T Landsat-8 (RF, R*=
0.28;SVM, R*=0.37) , £ PR 25 M 0 HER M 30 m 42
F 2 10 mRERRIRERIR B2 0C 52 |, (H7E SE PR
3T SOC R s AL PE RE A $2 T+ R, 25 0 W
23 18] 3 W50 1) U L, 17 > R S 2 iR T B
(GRS RS (AT RS RF IRARFE A 4%
TF RS BEARAE T SVML X R I FE 5/ IMEE A K
(/N R SOC B i ge e, 1y 22 221l J LR AL 2 2
27 LA S AR AR T A SR AR
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Bl AEGESIEStEHEN SOCHKE VIPIER
Fig.1 VIP indices of sensitive bands for SOC from different light sources and satellite hyperspectral data
x3 ARRIEHIFET LIEAVNGKEEELRR

Table 3 Comparison of SOC inversion accuracy from different spectral data sources

BT EHN AL FHMKIEYE  ZY1-02D ki Landsat-8 £t Sentinel-2 £}
Data s 8 X Indoor artificial Outdoor ZY1-02D Landsat-8 Sentinel-2
ald sourees light sunlight hyperspectral multispectral multispectral
BEHLAR R? 0.53 0.53 0.43 0.28 0.34
Random forest RMSE/% 1.08 1.09 1.22 1.56 145
S AL R’ 0.57 0.50 0.40 0.37 0.38
Support vector machine RMSE/ % 1.05 110 124 144 142

24 TEFHHBRGIE 2 SRR (RF) , 76 4b B Sentinel-2 1 ZY1-02D 1% 2%

T8 IS 2 T B SR 3 S B X
3 F Landsat-8 , Sentinel-2 1 ZY1-02D T /2 Y 1% &
P, 48 1 RF A1 SVM #E47 SOC 23 Ja] ) i 61 & (K] 2) .
SOC & H LN 0.12%~3.36% . 455 Wos il
Landsat-8 %4 i , RF 5 SVM A& U 7 3 2 [X 45 (1)
SOC J 1 45 % 25 i — %4, Landsat-8 £ A4 6 1% 73 98
PR T BRI R IR B B e ), R B
2 25 SR 555 . XF T Sentinel-2 F1 ZY1-02D K
SOC il P25 5L, SVM AR A ) 7 I %5 {4 = F RF 48
B, H SOC 25 8] 40 A 22 5% W3 03X nl B il T
RBF ¥ pREL ) SVM BT | A A it FH PSR 7 45 1l

JEIE A B0 E 0 = AT R AR i LA R
P NG AR Bt LA, AR I 1 i A R
0% T - M i Bk SOC Fy 2 8] 57 o 12020
3 I

ARHFE R AL IR X ARG ER X8R, 36T
ity % IR ORI L 2 3 J - O i £ | {4 SVM Al RF
B SOC il SRR, B3 T R B
FAF JRAARTT 25 (8] 4 BERFOGIE S B 6 A A
RE A RZ IR, I VR T 5% B D W i J A 3 A4
AR R X AY SOC . 25 R EW  Z IR T R
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Landsat-8

Sentinel-2

ZY1-02D

FHa,g,m,d,j,pEREHEF b, h,n, e, k,q ZRME T ;c,i,0,{,1,r F#/RHKH, Subplots a,g,m,d,],p represent dense grassland ;

b,h,n,e,k,q represent sparse grassland; c,i,0,f,1,r represent farmland.

B2 ETARIEHESHEEINTEANRZESHTRRER.
Fig.2 Spatial distribution of SOC inversion results from different satellite data and algorithms
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SR T AN — S E R RA R R W I 0. R
SR BIBIEGE P 2% R 22 IR B 4R T SOC Al
KA e R AR . B, nTas A 20/ &
STk TR AR T AL S8R A 2 AT Wb R) B 3, )
MBS ARG 5 BE5 25 (0] 73 PR KO 25 Y 1l
A G R SRS B T T R Y
BREAY | LR b B — B30 7 R PR B sl AR BR )
AR o AHIFIE i A P K TE A ML b3z BT 5 11 R
FHERTT , 3X 287 15 e AT ZCHURD b 1T 4 55 0 2 32 Jo%
22 T) B RUE (] BT, A T K 2% 22 I K % 1) 7 e 5[]

SRR T 2l [ R AR A S R G SOC
) 20 B 2 i) S o L 6 IO S T 4 SR D R )
2R A A A E R 1. BRI K
23 (0] 43 B AR SOC il B v i) oL B 58 A1 480
o Sk A EE g AR ST U] R P22 10 R KON G i o
iy A b 2 5 2 A X B SOC il B b IR A 15
[*)

2 ik References

(1] REEE, 24, GH . d E e e A4 S R G ek 55 S A
B 2 DA% R [, BV L R 24224 CH AR BEE ) L 2020,
48(1):11-20.YU Y Y, LI J,ZENG L.Spatial pattern of car-
bon sequestration services and value of ecosystems of the
North-South transitional zone in China[J].Journal of Shaanxi
Normal University (natural science edition) , 2020, 48(1) : 11-
20(in Chinese with English abstract).

(2] 3R, 0%, 220, 55 I TS I 20 R b b AT LB 43 A1 #1L
B FNREIE[T]. LS4, 2014, 51(5) : 1078-1086.
XIN K, YAN K, LI Z, et al.Distribution of soil organic carbon
in mangrove wetlands of Hainan Island and its influencing fac-
tors [J]. Acta pedologica sinica, 2014, 51 (5) : 1078-1086 (in



o5 2 1A

58 % BT 2 POLIEEUE FPLES 7 ) ki LA LB S oe . LLNSES AR XRILH A 1]

143

[3]

[4]

[5]

(6]

[7]

[8]

9]

[10]

Chinese).

PR TR T s A R L X R R AR A X
ST LB it & A0 T ) 20 (7). b B 27 4R, 2007, 62(11)
1123-1131. YANG Y S, XIE J S, SHENG H, et al. The im-
pact of land use/cover change on soil organic carbon stocks
and quality in mid-subtropical mountainous area of southern
China[J]. Acta geographica sinica, 2007, 62 (11) : 1123-1131
(in Chinese with English abstract).

W BRBAAT bk s, 4 Al b A H 7 our A dE-F i
- B A LB 2 53 0 AT SR AR R P s e (D], AR R
2006,26(12) :4148-4155.YANG C M,OUYANG Z,YANG
L. Z, et al.Organic carbon fractions and aggregate stability in an
aquatic soil as influenced by agricultural land uses in the North-
ern China Plain[J].Acta ecologica sinica, 2006,26(12) : 4148-
4155(in Chinese with English abstract).

HOROG, T EMG  XB 0 AU L AN TR A LR 3
A ASAE - LSRR Ll S [T ] ) PR K 240 (A SR 7R
20 ,2021,39(6) :174-182.CAO X G, YUE W P,DENG J.
Soil organic carbon distribution characteristics along an altitudi-
nal gradient in the northern subtropical region: a case study in
Guifeng Mountains of eastern Hubei, China [J]. Journal of
Guangxi Normal University (natural science edition) , 2021, 39
(6):174-182(in Chinese with English abstract).

XU, BB BN = R ML E LRI DR R e R [T]. AR
A2EH, 2007(6) £ 2642-2650.1.1U M Q,HU F,CHEN X Y.
A review on mechanisms of soil organic carbon stabilization
[J]. Acta ecologica sinica, 2007 (6) : 2642-2650 (in Chinese
with English abstract).

MA Y Q, WOOLF D, FAN M S, et al.Global crop produc-
tion increase by soil organic carbon [J]. Nature geoscience,
2023,16(12):1159-1165.

T A SR, B 8, 55 A IUIRS FFE I Ot A HLAC X £ 3%
A HLBK A 53 FFLBR S5 H A 52 [T]. el T RE %4 , 2024, 40
(21):74-81.WEN Y J,ZHANG J C, YANG N, et al. Effects
of the long-term application of organic fertilization and straw
returning on the components of soil organic carbon and pores
[J]. Transactions of the CSAE, 2024, 40(21) : 74-81 (in Chi-
nese with English abstract).

LIU CZ,HAN X Z,LLU X C, et al.Response of soil enzymatic
activity to pore structure under inversion tillage with organic
materials incorporation in a Haplic Chernozem [J/OL |.Journal
of environmental management, 2024, 370: 122421 [ 2025-07-
16 ].https: //doi.org/10.1016/.jenvman.2024.122421.
EFW, T A0, EACE , 5 I T RENLARMIT B Y LA Bl
JFr i m R [T ] TR X R, 2019,42(6) : 1404-1414.
BAO Q L,DING J L, WANG J Z, et al. Hyperspectral detec-
tion of soil organic matter content based on random forest algo-
rithm [J]. Arid land geography, 2019, 42 (6) : 1404-1414 (in

Chinese with English abstract).

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

JE A AT BUEAR S BT CWT-CARS (38 4 LA
PRI DX A T 2 J2 A WILBR 3 ek e D3 St [ ). 28 B AR
R, 2025,40(1) :60-68.ZHOU L,HE X Q,JIA D W, et al.
Hyperspectral retrieval of organic carbon content in farmland
surface in Shanzhou District of eastern Loess Plateau based on
CWT-CARS[J].Remote sensing technology and application,
2025,40(1) :60-68(in Chinese with English abstract ).
STENBERG B, VISCARRA ROSSEL R A, MOUAZEN A
M, et al. Visible and near infrared spectroscopy in soil science
[J].Advances in agronomy,2010,107:163-215.

VOHLAND M, BESOLD J, HILL J, et al. Comparing differ-
ent multivariate calibration methods for the determination of
soil organic carbon pools with visible to near infrared spectros-
copy[ J].Geoderma,2011,166(1) : 198-205.

BRI, S, TR A BT BEHLAR BB T (1 RE D ) 230
RS - 5 4 BT R [T, A b el R 24 2 41, 2024, 43
(3):249-257.ZHEN C, WANG H Y, LEI X D, et al. Digital
mapping of soil total nitrogen in Wangyedian experimental for-
est farm based on random forest model [J]. Journal of Hua-
zhong Agricultural University, 2024, 43 (3) : 249-257 (in Chi-
nese with English abstract).

ARER BRI, AL, A L R MR K N R 2 A PRk
B A I IO K S )43 A AR AR [T ] A ARk R o Al
2024,43(3):111-120.Z0U X,QIANH Y,ZHOU Y M, et al.
Remote sensing prediction and spatial distribution characteris-
tics of content of organic carbon in surface soil of seasonal
flooded wetlands in Poyang Lake[J].Journal of Huazhong Ag-
ricultural University, 2024, 43 (3) : 111-120 (in Chinese with
English abstract).

MINASNY B, MCBRATNEY A B, MALONE B P, et al.
Digital mapping of soil carbon [J]. Advances in agronomy,
2013,118:1-47.

VISCARRA ROSSEL R A,BEHRENS T,BEN-DOR E, et
al.A global spectral library to characterize the world”s soil[J].
Earth-science reviews, 2016,155:198-230.

XUHEDT R EF O, 55 454 mOLis i By e MLk
BEMGEIH AT T]. Al TRESH, 2017, 33(2) : 183-191.LIU
Y F,SONG Y L,GUO L, et al. Geostatistical models of soil
organic carbon density prediction based on soil hyperspectral
reflectance [ J]. Transactions of the CSAE, 2017, 33(2) : 183-
191(in Chinese with English abstract).

PRE IR, BRSSP . A WL R P AT e e S T
LI E A KL, 2019,31(3) :13-26. YAN X Z, YAO Y
M, ZHANG X Y. The progress and prospect of soil organic
matter mapping based on remote sensing technology[J].China
agricultural information, 2019,31(3) : 13-26(in Chinese).
KT, /N RAT, 45 . 5T Sentinel-2 MSI 5 Sentinel-1
SARFZAGHRE £ (1 DRI T -3 HLBRAG 5 LA TR K O
B b e X O 0 [T]. b e 4, 2025, 56 (3) : 755-766.



144

s o ol K

i 55 45 %

[21]

[22]

[23]

[24]

[25]

[26]

[27]

SONG Y T,GAO X H, SONG Q, et al. The combination of
sentinel-2 MSI and sentinel-1SAR to estimate and map soil
organic carbon content in farmland: a case study of the typical
area of loess hilly area in the Huangshui watershed of Qinghai
Province[J].Chinese journal of soil science, 2025,56(3) : 755-
766 (in Chinese with English abstract).

g, R, R S T TR R R A i B U S A
WRgeak e [T ]. v AR PR 5 X, 2025, 46(12) : 203-218
WANG D,ZENG Y, TIAN T,et al.Research progress on cul~
tivated land quality monitoring and assessment by remote sens-
ing [J]. Chinese journal of agricultural resources and regional
planning, 2025, 46 (12) : 203-218 (in Chinese with English ab-

stract).
ZEVREE A TR, S ORI AT RRME G o B R S
Fb T S = AT AL A S R R A AT (). 3 A R S N H

2024,39(4):917-926.1.1 Z X, GAO S,HU D H, et al.Sensi-
tivity of black soil organic matter content prediction to the
spectral resolution and signal-to-noise ratio of space-based re-
mote sensing loads[J].Remote sensing technology and applica-
tion, 2024,39(4) :917-926 (in Chinese with English abstract).
A, BB AR IR IR KR CO, B I LT AR IR
R A BT B [T]. 4 B A2 A, 2018, 67 (3) : 301-313.
WANG Q,BI' Y M, YANG Z D.Simulation analysis of aero-
sol effect on shortwave infrared remote sensing detection of at-
mospheric CO,[J]. Acta physica sinica, 2018, 67(3) : 301-313
(in Chinese with English abstract).
CORTES C, VAPNIK V. Support-vector networks [J]. Ma-
chine learning, 1995,20(3) : 273-297.
BREIMAN L.Random forests [ J].Machine learning, 2001, 45
(1):5-32.

WIS AT, R, A BT L g ) ik e

ULDH: [ 53 A I LT . ol T A2 2441, 2022, 38(12) : 65-73.
WANG Y X, YANG K,GAO B B, et al.Prediction of the spa-
tial distribution of soil organic matter based on two-point ma-
chine learning method [J]. Transactions of the CSAE, 2022, 38
(12):65-73(in Chinese with English abstract).
HER, R KRB S T 2R S RE ST
SeAT BIURR 25 ] I AT - LA A S0 34ty S 2 A X R il (T ]
+ A4, 2021,58(4) : 887-899. YUAN Y Q,CHEN H Y,
ZHANG L M, et al.Prediction of spatial distribution of soil or-
ganic carbon in farmland based on multi-variables and random
forest algorithm-a case study of a subtropical complex geomor-
phic region in Fujian as an example[ J]. Acta pedologica sinica,
2021,58(4):887-899(in Chinese with English abstract).

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Sk NG R T 25 S A X IR e B S E M BT Y
WD) N 3R M K 2%, 2019.NIE M P.Study on the vari-
able selection and qualitative analysis of spectrum based on
sum of ranking differences algorithm [ D ]. Wenzhou: Wenzhou
University, 2019(in Chinese with English abstract).

HONG Y S,CHEN Y Y,CHEN S C
between laboratory VNIR-SWIR spectra and Landsat-8 bare

, et al. Bridging the gap

soil composite image for soil organic carbon prediction [J/
OL]. Remote sensing of environment, 2025, 328: 114874
[2025-07-16].https://doi.org/10.1016/j.rse.2025.114874.
Jiti £ B8 MODIS SEAR TCFR 25 7 2 SO SEIE AT L - 40 A i Y
b B G RO 2 R X S ARk — S AR LT ] 565 D 2
5%,2012,32(1) :6-15.SHI J C.An automatic algorithm on esti-
mating sub-pixel snow cover from modis [J]. Quaternary sci-
ences, 2012,32(1) :6-15(in Chinese with English abstract).
PUICHN , EAH, 5K, 55 SR HITE AMLE R 20 B0 AR
T A ML i (T Al TR 24, 2021, 37(6) : 66-72.
ZHU Y L, WANG D Y,ZHANG H, et al.Soil organic carbon
content retrieved by UAV-borne high resolution spectrometer
[J]. Transactions of the CSAE, 2021, 37 (6) : 66-72 (in Chi-
nese with English abstract).
FER s /AL RAT 55 HE T Sentinel -2 FEAR YA H IR
BUB A LA B DAY K R S R oA (1 [T ] ot 5o i 7
2FERE 2025,62(12) 1 294-305.YIN C Z,GAO X H, SONG
Q, et al. Estimation of soil organic carbon content in farmland
based on Sentinel-2 imagery : case study of a typical area in the
Huangshui River Basin[J].Laser &. optoelectronics progress,
2025,62(12) :294-305(in Chinese with English abstract).
K52 T SAR 500538 B Y KRS AR B S B I A
FED]. il i TR K2, 2023. ZHANG Y W. Inverse
study on corn stalk coverage based on SAR and optical remote
sensing images [ D |. Anshan: University of Science and Tech-
nology Liaoning,2023(in Chinese with English abstract).
POULADI N, GHOLIZADEH A,KHOSRAVI V, et al.Digi-
tal mapping of soil organic carbon using remote sensing data: a
systematic review [J/OL]. CATENA, 2023, 232: 107409
[2025-07-16 ].https://doi.org/10.1016/j.catena.2023.107409.
BROEG T, DON A, WIESMEIER M, et al. Spatiotemporal
monitoring of cropland soil organic carbon changes from space
[J/OL].Global change biology, 2024, 30(12) : e17608 [ 2025-
07-16].https://doi.org/10.1111 % 2F gcb.17608.
LIYJ,LUO LY,GUO F,et al.Quality control and improve-
ment of GNSS-IR soil moisture robust inversion model [J].

Advances in space research, 2025,75(1) :91-107.



B2 S A T ZBOCTERRALE S ) ki LA LR ST . A S AR XRG4 145

Multi-source spectral data and machine learning algorithm-based
inversion of organic carbon in soil : taking northeastern Inner
Mongolia Autonomous Region, China as an example

REN Guanyao', QIN Jing', QIAN Xiaojiang®, ZHANG Ke®, YAN Weiyue', FENG Zi'ang*, GUO Long*

1.Inner Mongolia Autonomous Region Geomatics Center ,Hohhot 010010, China
2.Hubei Provincial Institute of Land Surveying and Mapping , Wuhan 430014, China;
3.GBI (Beijing) Testing & Certification Co.,Ltd. ,Beijing 100010, China;
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Abstract Northeastern Inner Mongolia Autonomous Region, China was used to study the mecha-
nism of external environmental factors including illumination and atmospheric conditions and sensor parame-
ters including spectral and spatial resolutions affecting the accuracy of inverting the organic carbon in soil
(SOC) from different sources of spectral data. SOC samples from 160 surface soils(0-20 cm) were collect-
ed and proximal hyperspectral data acquired under indoor artificial lighting and outdoor natural sunlight and
spaceborne multispectral (Landsat-8 and Sentinel-2) and hyperspectral (ZY1-02D) data were synchronous-
ly obtained. Random forest (RF ) and support vector machine (SVM) algorithms were used to construct the
inversion models of SOC. The effects of environmental factors and sensor parameters on the accuracy of in-
verting SOC were analyzed by systematically comparing the performance of model across different sources
of data. The results showed that proximal data acquired under indoor artificial lighting sources had slightly
better accuracy of inversion than that under outdoor sunlight sources due to stable and controllable spectral
signals. However, the difference between the two was small, indicating that the effect of natural illumina-
tion fluctuations on the inversion of SOC is limited. The inversion accuracy of proximal hyperspectral data
was significantly higher than that of spaceborne multispectral and hyperspectral data, mainly due to the in-
terference from atmospheric scattering, water vapor absorption, and mixed pixels in satellite data. Among
the spaceborne datasets, the inversion accuracy of hyperspectral satellite ZY1-02D was higher than that of
multispectral sensors, while the improvement in spatial resolution of Sentinel-2 had limited effect on the
performance of model compared to that of Landsat-8 (10 m vs 30 m) , indicating that spectral resolution
contributes more to the accuracy of inverting SOC than spatial resolution.

Keywords multi-source spectral data; organic carbon in soil (SOC) ; machine learning algorithms ;

methods of inversion; ZY1-02D ; spectral resolution
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