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Estimation of Soil Organic Carbon in Plow Layer of Northern Henan Plain Based on

Sentinel-2 Data
JIA Dewei, ZHOU Lei’, WANG Ning, LIU Yuxin
(Service Center of Rural Industrial Development in Henan Province, Zhengzhou 450018, China)

Abstract: To accurately understand the content and spatial distribution of soil organic carbon (SOC) in the plow layer of Plain,
in this paper, actual SOC data were used from Huaxian County, integrated with Sentinel-2 reflectance spectra and spectral
indices, and data of meteorological parameters, soil properties, terrain and human activity factors, and then the predictive
accuracy of the Elastic Net (EN), Partial Least Squares (PLS), and Random Forest (RF) models were quantitatively evaluated
and compared under various factor combinations, the optimal factors and key variables that influence SOC estimation, as well
as the spatial variation patterns were revealed. The results showed that in terms of model accuracy and stability, RF was best,
followed by EN and PLS. Specially, RF model achieved the highest precision with the best combination of factors including
reflectance spectra, spectral indices, meteorological data, and soil properties, with the coefficient of determination (R*) of 0.63,
the ratio of performance to inter-quartile range (RPIQ) of 2.75, and the mean absolute percentage error(MAPE) of 5.86.
Moreover, the 12™ band with a central wavelength of 2 190 nm (B,,), potential evapotranspiration, soil bulk density, and the
normalized difference soil index (NDSI) cumulatively accounted for 69.63% of the importance in RF Model, becoming the key
variables in RF model and playing a decisive role in SOC estimation. The range of SOC in the study area was between 6.15
and 11.08 g/kg, with an average of 8.16 g/kg, lower than the national average of 22.28 g/kg. Spatially, the area with higher
SOC content was mainly located in the northeastern part, while the area with lower content was primarily located in the
southwestern part.

Key words: Soil organic carbon; Random forest; Sentinel-2; Plow layer; Estimation
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Fig. 1 Locations of study area and SOC sampling sites
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2 HEREHN

2.1 TEBVBREREST

R4 7+ 3 50, WFFEIX 85 AREAEE T 59 4
RTINS, 26 MHTRIEE. BFEA SOC F A
T 5.86 ~ 11.56 g/kg, F¥Ih 7.98 gkg, LR REH
11.70%, FHEFEAR ZBEH SR TR 1. I
R RBAESE G RRE 5 SRR

F1 SOC &EHR LRIt

Table 1 Descriptive statistics of SOC content

[=%N H/IME (g/kg) e K1H(g/kg) YI{H (g/kg) FrifE 2 (g/kg) VES A5 5 R B(%)
SR 5.86 11.56 7.98 0.93 0.87 11.70
IRk 5.86 11.56 7.99 0.97 0.94 12.10
IR 6.01 9.11 7.95 0.87 0.76 10.96

22 TEANMBREEZFEEFHHEXE

FIIH SPSS 27 #4114 SOC & &5 R g ik
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Table 2 Correlations between SOC contents and different variables
in various factors
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Table 3  Accuracy comparisons of various models under various
factor combinations

A HFdHE R? RPIQ MAPE
EN R 0.27 1.95 7.65
R+ 0.29 1.99 7.48
R+I+M 0.46 2.29 6.82
R+I+M+S 0.46 2.29 6.82
RHT+M+S+D 0.47 2.29 6.89
R+I+M+S+D-+H 0.43 222 7.05
PLS R 0.32 1.44 10.47
R+I 0.38 1.46 10.37
R+I+M 0.50 137 11.03
R+I+M+S 0.54 1.30 11.43
R+AI+M+S+D 0.54 1.31 11.40
R+I+M+S+D+H 0.53 131 11.40
RF R 0.39 2.15 7.46
R+ 0.49 2.33 6.79
R+I+M 0.60 2.65 6.19
R+I+M+S 0.63 2.75 5.86
R+AI+M+S+D 0.60 2.64 6.05
R+I+M+S+D+H 0.59 2.61 6.15
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451 ANEH o35
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Fig. 2 Importance of variables in RF model
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Fig. 3 Spatial distribution of SOC contents estimated by different models

x4 FEEEGEEN SOC BEARFEITHE

Table 4 Basic statistical characteristics of SOC contents estimated

by different models
BR RoME O RKME BE bR Tk BRAR
(gkg) (ghkg) (gke)  (g/kg) $(%)

EN 3.32 13.73 8.15 0.82 0.67 10.05
PLS 5.14 14.97 8.05 0.86 0.74 10.68
RF 6.15 11.08 8.16 0.82 0.68 10.07

IAh, RF B B 4522 SOC 54425 F ¢

24 TEBVKRZESHES
DA M o< s B i L, o i 4

Al RF A Hofg A NP4 A F B SOC 238 [l 43 Af
U 3). g s, 3 AEAER SOC &
[E] o A AR AL, 2RI . Wi, SOC
BEVE R 22 BB B (3% 4), EN FE7#(3.32 ~ 13.73 g/kg)
I PLS #I(5.14 ~ 14.97 g/kg)ffh B 45 BAHE T
BFEAR(5.86 ~ 11.56 g/kg), Wahth R, FaEMEZE,
I RF BEAAE 45 56,15 ~ 11.08 g/kg) FAEIT T 5
FEAS, Ui W] RF A8 BE BRAR 4F i iR BF 58 X SOC =5 ]
255, MREM R4 AR E . RF SRR E Y SOC 1y
fHA 8.16 g/kg, Ik T4 EFH{H(22.28 g/ke)'®, H
o R X B, AR S A 78.82% LA I,

SO AR FE DX R s AR DX R (B X
6.37% Fl 14.81%, 53553 A 7E 5 IX 74 g &6 A AR
i 8

3 ihie

3.1 EEREDR
SOC stz Z BN EZM, AR NE LM
et 2P AT EN FI PLS #i%, RF BV
TR AN [P SRAR | I PR AR B [B) 22 43I RTAH AR
TRERS A I AR LM e R P ARBFIE R, 7E
FEARSBLE | ARSEES R Ve 55 7 T, RF BOAUER
T EN FI PLS B, 5emiffas >t gk —5.
N

A

SOC (g/kg)
<7
m7~8
mE3g-9

| )

0 10 20km
| IS T |

2] EN. PLS

EESHm

PESREG AU, MIMAS SOC MR R
M B, BERS R 4T, (HMAS SOC #H
S A 588 ) e R S R S B I, MRS R T
. Hitb, M RF SRR, RN EEES SOC
KethompyAs i, DAL e HAR B RE T .
32 REEFRXETE

ER. LM M S HFAHET, RF BANGE R,
% K T2 I PFFE X SOC fE B R AL 7. #
AEEVER RN, B, WTEZEHUK . T4 M NDSI

http://soils.issas.ac.cn



5 4 19

BUEMAE . JET Sentinel-2 i AR ALV JSUBFF = L3 A HLBR A B 871

X RF A7 [ AR DTk B 3K 69.63% , e A 7R 1Y S AR
it JREEREE: OBy, UK 2 190 nm, % IEE
eI £ 58, KBS SOC 23 [/ 48 5 H
XF I BGTE(E, 5 Suleymanov 254k ie—5; Q%
TEZE R R e T AR RUK B R (T v T
SagomiE], FLBREEAR K, RIS AN, XU XURS:
AR, SOC R HkL, 5 LiGEPghp—5;
(3 - 475 7 S e - A B K PE AL E RS, %
E 3G 0 idd B 4 850 AR 22, A R AR 32 R
TG BRI ES , WTRER T SOC &, 5 Wang %52
5 —8; @NDSI fgsnmpf + R gRerE, Ak, +
R TR, oD, PR R
PRI, SOC Frit P, SEZEPZEBL—5

[, AR, Boko. BSIHI B, A8 &%) RF H5%)
WA —ENTTERE, BRUA 30.37%, # TR
ORBIFSMRE K-SR E i R E L w5
f TG Sh AN AP, DAAERE R R, BRACA
LA RSB, (2 f8 SOC i TS, kLA i
Big, FEFUR, FIFHe S0 LR R S,
AL IE L5 4 g R i A R A A T
TESEE PRI, B soC BLE, X 5L MiF5c4s
i/egﬁ[ﬂ,ﬂ]o

AN, WIEARRERC N AT X SOC ALY
FEFF, HEFRAMAESREE S T EN BRI
R*FI RPIQ, [ PLS #RI) R*, i RF FEAUAE HE A1 A
BEHRTF . ZS5E SIS 4E B —FT
AR X HUE R K (29 ~ 71m), ZHFTG
PAEUERTAR SOC Myzs it Ry, J& R
WABEFE = RF AT EN BEAUE R, (WX} PLS AR
i) RPIQ F1 MAPE f& b1 AH N a5 87, AT g5 A
T Bhx) IR BEALE T A
33 RESW

SOC fHEMERY R* K2/ T 047, ARHFFEIX N
INRUERF IR IX 45 28 P72 ) S o P A1, AR
R*3% 0.63, & THUA TG4 02, b T b4
K, AR TA BB, alRgiREIE . DA
ORGSR R AT T 2 () RUBE Y 1)
HCREE, ZEES R RE AR 5| ARZE ; @S0C
H5EEBHFRRE S, ALS SEAME N U4 H
T SOC ()R EMKMAER, JEARE
B SOC =5 a8 5+ o

ARICHEH T —#F A Sentinel-2 TE#MR . R4
At R PP AG B SOC MR ik, 8/ TFR
XHHEZ SOC Al B R 7 SO AR 5, AL

¥ SOC Al FRS BSR4 T #IS AR YR, 1M H oA K
il B R AV 275 A 7 B T O VA S L ARk N
— RGN E R T F I 22 B A T2 3 S8k 4l X
SOC i 545 BE B 520

4 £t

DI 48 T BN SE X, 3T SOC BEAKE ,
A4 R, 1M, S, D& HERNTHE, BiEMH
SOC (W AERAl | e 7. XA E, 2508
RO K HF R A AR S SOC () i A ;
QOAFEHETFHA T, RF BIRIAERS EEAIES 0] 550l
WP EN Al PLS #5; ORF #EAIZE R, 1,
M HS FAERTMAE T, RN TR SRR,
R*7 0.63, RPIQ & 2.75, MAPE # 5.86, H, B,
TR ZE UK . 25T A NDST A9 2RITTHR L 69.63%,
R SOC Al B3 1) Bl AR # s DRF AR S 25 R R
F5E X SOC F it 2 A by | P B IR A 2 [B] oA R 2
AREEE A 6.15 ~ 11.08 g/kg, FIHH 55 rp 258 Sk,
FEIER 8.16 gkg, FRAHXEAL, (KT EFY
18(22.28 g/kg).

2k

(11 e, MM, THF, % RICMBER - DCA HlkiE
JEGE W REIFAE[)]. M 5 BRI, 2020, 29(4): 357-362.

[2] Summers D, Lewis M, Ostendorf B, et al. Visible near-
infrared reflectance spectroscopy as a predictive indicator of
soil properties[J]. Ecological Indicators, 2011, 11(1): 123-131.

[3] B35, WA, BFE, % 0 G-rash hLaibing
19 - A ML 43 S i [T]. D62 5064, 2021,
41(10): 3069-3076.

(4] 0T, SR, Rifz, . KO REER A Lk
23 (A8 SRR AERI AT B F A DG 0], T 5 IX B U5 PR 05G,
2023, 37(4): 127-136.

[5] CREAE, RIRfE, W20, 55 R X A PR
SR 1) 25 [R) S 5T 1 BORH DR M A3 AT D). YL o ROk R
2017, 33(6): 1294-1300.

(6] #tg, Hle, ki, & ETHELENHETIER
HLBRZS 8] MR A (D). HHE244R, 2020, 57(1): 48-59.

[71 AL, Bk, 25—, . AR das mM T K R Y s
TE X 6 H A A MLaR I R R 2 [J]. 0224, 2024,
61(2): 385-397.

8] BWEAR, BHMF, TaEm, % 48080 MRS
B2 B i) LA HLak & /OGRS D). #ot 5t
L2430, 2020, 57(15): 253-261.

[91 4RD5M8, 28, PR30, & HETOumg
A TS 9 VR U g - M ML B B A A AR
[7]. LA 24T, 2022, 38(2): 414-421.

[10] =ER, PR, sk, & T L2405 RF JEN
bbb A LR ZS (8] U W 57— LA Ay 52 et
SUX A HIT]. LS, 2021, 58(4): 887-899.

http://soils.issas.ac.cn



872

+

i

56 &

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

[20]

[21]

FARSE, RAIIRL, XDEE, 5. BT BRI R Y 2 3
B R MEAS AT, 135, 2019, 51(3): 602-608.
R, RAE, ATEIE. WA e 5Pk 2
FEPERS R A4 AE[T]. 352, 2019, 51(4): 775-785.

TS, &, WA, 45 LT MODIS B /NE
B RS [ 53A0 (5 BRI 58 —— LAV g 45 - T L iy Ay 4]
[J]. HudkAfoT S5H %, 2018, 37(6): 134-138.

A6, ES, WIEW], % dEX L Landsat BIEIEEL
P[], ERRE R, 2020, 5(4): 83-90.

By ORIV 3 I N NG RE AN E 2 i & e
KO SFEBRIT]. ik 5ot srT, 2024, 44(1): 207-214.
A, B ET TM MR R 0+ SR 2 A
HifEH HFoE0]. E L ERIRIEER, 2012, 24(2): 50-55.
XMk, EAM, e, . BETHERRDGEE RN R H
R 1 ST HURR 25 B P D). 3 IR 4z, 2024, 28(1):
293-305.

Zou H, Hastie T. Regularization and variable selection via
the elastic net[J]. Journal of the Royal Statistical Society
Series B: Statistical Methodology, 2005, 67(2): 301-320.
Breiman L. Random forests[J]. Machine Learning, 2001,
45:5-32.

AR, T AW, BT, F B HORTENLER
GRS RS K TP A RLTI]. OtiE e 5O
ST, 2022, 42(11): 3559-3567.

RS, B/NME, SRR, & SR SR SRR B

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

B A HLIRZS (8] 20 A BN BT[], TIEA R, 2024,
61(3): 648—-661.

WHRE, K, B4, . PEREEREEICRES
R R AR 3, 2023, 55(3): 487-493.
Suleymanov A, Abakumov E, Nizamutdinov T, et al. Soil
organic carbon stock retrieval from Sentinel-2A using a
hybrid approach[J]. Environmental
Assessment, 2023, 196(1): 23.
WIRIE, bk, N 2 5 TR EGER B AL
i 2] BT AR SR R R - R R A L B A A A
. ARALMOlRAE2E4R, 2022, 50(1): 64-71.

Li C J, Fu B J, Wang S, et al. Drivers and impacts of
changes in China’s drylands[J]. Nature Reviews Earth &
Environment, 2021, 2: 858-873.

Wang Y Q, Shao M A, Liu Z P, et al. Prediction of bulk
density of soils in the Loess Plateau Region of China[J].
Surveys in Geophysics, 2014, 35(2): 395-413.

H52, B, Fanlk, & BRIV T EA S R b
HEA LR & AR ALRAE Ko R 2 [J]. HE T, 2022,
42(5): 221-231.

Li H, Yang S, Semenov M V, et al. Temperature sensitivity

Monitoring and

of SOM decomposition is linked with a K-selected
microbial community[J]. Global Change Biology, 2021,
27(12): 2763-2779.

RIK, B, GoR. BTG IT R -
LR [0]. 82240, 2021, 58(5): 1224-1233.

http://soils.issas.ac.cn



