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Abstract: [ Objective | Soil salinization is a significant issue affecting agricultural production and the
ecological environment. Traditional methods for large—scale soil salinization monitoring are time—consuming,
labor—intensive, and costly. With the advancement of remote sensing technology and machine learning
algorithms, rapid, accurate, and non—destructive soil salinization monitoring has become feasible, providing
scientific support for agricultural activities and land management. [ Method | Taking the cornfields in Lihe
Township, Huinong District, Ningxia as the research object, this study utilized Sentinel-2 SR remote sensing
imagery and Google Earth Engine (GEE) platform data, combined with field-measured soil electrical
conductivity (EC) values, to conduct soil salinization monitoring based on the Random Forest algorithm. By
screening spectral features, multiple spectral feature combination models were constructed, and the Random
Forest algorithm was employed for training and evaluation.The R*, MSE, and RMSE metrics were compared to
identify the optimal soil salinization monitoring model. [ Result] (1) The Random Forest model with added
spectral indices improved the overall accuracy of cornfield extraction from 0.876 (Kappa coefficient: 0.842) to
0.972(Kappa coefficient: 0.965) , an increase of approximately 9.6%.The classification results exhibited clearer
boundaries and significantly enhanced resolution. (2) In the soil salinity estimation models, different spectral
index combinations based on the Random Forest algorithm showed varying performance. Among them,
Combination 1 (SI-T, GRNDVI) performed the best, with a coefficient of determination (R?) of 0.94, a mean
squared error (MSE) of 0.29, and a root mean squared error (RMSE) of 0.53.The performance of Combination 2
(SI-T, S7, NLI, GBNDVI) and Combination 3 (SI-T, GRNDVI, GBNDVI) decreased in that order.
[ Conclusion | The study demonstrates that the Random Forest algorithm has high predictive accuracy and
stability in soil salinization monitoring, effectively capturing subtle changes in soil salinity. The research
provides scientific and technical supports for precision irrigation , salinization control, and land management in
Lihe Town.It also showcases the promising application of remote sensing and machine learning technologies in
soil salinization monitoring. Future research could further explore the application of deep learning models to
improve the generalization ability and predictive accuracy of soil salinization monitoring.
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Fig.1  Overview of the study area and distribution of sampling points.
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Tab.1 Spectral index calculation formulas with random forest integration

ik fE 5k AR YEH
Spectral index Calculation formula Function
NDVI (NIR-R)/(NIR+R) T S5 1 28 R AR 1
NDWI (G-NIR)/(G+NIR) KR B
EVI (1+M)X(NIR-R)/(NIR+C,XR~C,XB+M) TR TR g 2R A 1 R
BSI [(R+SWIR1)-(NIR+B) V[(R+SWIR1)+(NIR+B)] X 4042 - HE SR Fk iR
1BI IBI=[NDBI-(SAVI+NDWI)/2//[NDBI+(SAVI+NDW1I)/2] LEO LA A IYE B

B.G.R.NIR.SWIR1 />3 Mk B¢ 20 201 1 GEL0Ah JEIELTA 1B . C (RAKIEREI6) (C,(RAMKIERE,
H7.5) LRSI T, 100.5) , MR35 SR E R 80, H0.5)

B,G,R,NIR,SWIR1 represent the blue, green, red , red—edge 1, near—infrared, and shortwave infrared 1 bands, respectively.
C, (atmospheric correction coefficient, set to 6), C,(atmospheric correction coefficient, set to 7.5), L(soil adjustment factor, set to

0.5),M(surface background correction coefficient, set to 0.5 ).
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Tab.2 Calculation formula for salt index

2P HEAR EAS HHEAK
Name Calculation formula Name Calculation formula
SI (G+R)"’ S7 (SWIR1-SWIR2)/(SWIR1+SWIR2)
SI, (GXR)" S8 (G+R)/2
SI, (NIR>+G>+R?)* S9 (G+R+NIR)/2
SI, (G*+R?)" SI-T (R/NIR)x100
SI, SWIRI1/NIR SSSI-1 R-NIR
St B/R SSSI-2 (RXNIR-NIRXNIR)/ R
s2 (B-R)/(B+R) NDSI (NTR-SWIR1)/(NIR+SWIR1)
S3 (GXR)/ B CRSI [(NIRXR-GXB)/(NIRXR+GxB)]**
S5 (BXR)/ G SRSI [(NDVI-1)2+SI,)]**
S6 (RXNIR)/ G SAIO (G-NIR)/(B+NIR)

B.G.R.NIR.SWIRI SWIR2 /3 HIMCERE , G, 41, T LLAh R 2000 1, i 20 5h 2 3 B o
B,G,R,NIR,SWIR1, and SWIR2 represent the Blue, Green, Red, Near Infrared , Shortwave Infrared 1, and Shortwave Infra-

red 2 bands, respectively.
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AR IO A DR, D38 SRR B AR A 0 HE I TR T S0 45 SRS e e KRR
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Tab.3 Vegetation index calculation formulas

2R HRA 2R HHRAR
Name Calculation formula Name Calculation formula
RVI NIR/R OSAVI (NIR-R)/(NIR+R+0.16)
ENDVI (NIR+SWIR1-R)/(NIR+SWIR2+R) GVMI  [(NIR+0.1)-(SWIR1+0.02) J/[(NIR+0.1)+(SWIR1+0.02)]
IPVI NIR/(NIR+R) GNDVI (NIR-G)/(NIR+G)
GDVI (NTR>-R?)/(NTR*R?) GBNDVI (NIR-G-B)/(NIR+G+B)
NLI NLI=(NIR>-R)/(NIR*+R) GRNDVI (NIR-G-R)/(NIR+G+R)
GARI  {NIR-[G+yx(B-R)]}/{ NIR+[G+yx(B-R)]} | SA-VI (14L)X[(NIR-R)/(NIR+R+L)]
NDVI (NIR-R)/(NIR+R) REIP 700+{[40x(R+RE3)/2-RE1/RE2-RE1)}
DVI NIR-R EVI2 2.5%(NIR-R)/(NIR+2.4R+1)
EVI  (1+M)x(NIR-R)/(NIR+C XR- C,xB +M) | ENDVI (NIR+SWIR2-R)/(NIR+SWIR2+R)
MSAVI  {2xNIR+1-[(2xNIR+1)>-8x(NIR-R)]**}/2 | EEVI 2.5X[(NIR+SWIR1-R)/(NIR+SWIR 1+6R-7.5B+1)]

B.G.R.NIR,SWIR1.SWIR2 .RE1 RE2 RE3 73 5IfCFIE &%, 21, IT£0o0, R L0401 R L0 A0 2, 21030 1, 2030 2, 2130
3B, yOREER T, 0.5) \C,CRAALIE R W 6) (C,(RALIEREL, IR 7.5) LS4 1, 00.5) (M (Hb R 5eAL
IERELLE0.5),

B,G,R,NIR,SWIR1,SWIR2,RE1,RE2,RE3 represent the blue, green, red, near—infrared , shortwave infrared 1, shortwave
infrared 2, red—edge 1, red—edge 2, and red—edge 3 bands, respectively.y (adjustment factor, set to 0.5) , C1 (atmospheric correc-
tion coefficient,set to 6) , C2(atmospheric correction coefficient , set to 7.5), L(soil adjustment factor, set to 0.5) , M (surface back-

ground correction coefficient,set to 0.5).
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Forest) AT Y124 , IR FI 28 SCHAIEPEAG R4 A G 0 PERE . B AR R R4 70% F T 1124, 30% 1T .
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1. A BIRAE (bootstrap sampling) « P IR Y 2558 45 o BE LI N A>T U 2R 48 AT S 0
AR SRAFEAT R, T3 FEAS T R ol B A R 4F T FE A T RE R ik

IR 2K R P X A U R BRI AE AT S R, BEPLIE R m SRR AE
(m<<M, M SR EBO VR R B RHE , e P BRI AT 20 2L

AR 3 A RTINS, BRIV SRR 45— A T 235 R, S5 0 S0 45 5 h i R 1 - 3
(ELC LA )R = 22 B SRl R (32l o
1.7 REGEMERR

SR - SR o3 SRS 1 SO CR: , RT3 A H TR AR E R AR (2071 2% (MSE) LK 2475
HRR 2 (RMSE) K WEATLE AR . RPEIT 1, MSE , RMSE i#/]n , TR AU 0145 305 SR bt , T 2080 S e

Roo - 2imlrim 9 (2)

zf: 1(%‘ - }_G)

N (2) ey, FEBRE, 3, BBITOAE, ¥, : SEPREAY L, n - B8 RORO R



55 3 3] WRIR 268 i T B RO 1515 ML AR AR ) BRI E O DX R SR A I 0 7 i T 7 - 809 -

MSE:%Z?:I(%—ﬁ-)Z (3)
R (3) 1y, SR, 7, BT, KR 1 OB
RMSE:\/,ILE;’L[(%_DA’L')Z (4)

(4 oy, SEBRAE 5, BT, o CH 5 OB R

2 ZERE545H

2.1 ERMIREXTEE 4347

KM AT B A R ) AR BE 4 0.876, Kappa 22800 0.842 5 il A DG F8 KA A5 1Y 1Y B4R 1
70.972,Kappa RECH 0.965, X —45 RN, GG+ BOE P2 T 1 W o S MERA PR D7 T A% 1 OB H

] 2a R A GG HE £ 09 T K M4 HC, 8] 2b S AR In A G 48 00 K H 2 5, w7 LA i WS 2 A
TG R 73 A5 0 R T IO % 4 B, JC R ARG AR AR Y - M2 2 h] SR B (anid
— AL B AR E (NDVI) S AE g R E (EVD) ) A &0 o 1 4 1 M 55 S R ADOGTE AR, $2 5 T A [ b
Y Z I 4y HEae 7, WD T iR 22 MELZ T ARIAOGIEHE B 20 25 25 A G R ik 322 30T 1) b
W2z 18], S AR, 25 2 MBI IE IS o 7E BRI A SR, (o DG 1S 48 B0 5215 BE A% T8 TR . Bt
FE FOKHL i 5, D0 R s/ o I AGTE R R oK b DB I i 5T, J L3R W s R
Ao MEARAASGIEE B0 SR AT BE H B AR R S0 X R R AR 10 o Tk, 3000 2645
RN % TURIUER

106°45'0"E 106°4730"E 106°500"E 106°5230"E 106°45'0"E 106°47'30"E 106°50'0"E 106°52'30"E

39°50'N

51
39°5'0"N
-
39°5'0"N

39°2130"N
39°2'30"N

39°230'N

il

EIRIED
1 I ks X s
AR X I

Pl

39°0'0"N
39°0'0"N

£
: I ORI R X
AR X

B2 AR () 5 AR A GRS B (b) ) T K M BB 7
Fig.2 Cornfield extraction of added(a)and non—added (b )spectral index
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Fig.3 Correlation analysis between soil salinity and inversion factors
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Tab.4 Optimal feature subset
RS FRELEE AHICHE(R?) Ha
Remote sensinglmage Feature selection Coefficient of determination Combination
SI-T,GRNDVI 0.94 HE1
Sentinel-2R SI-T,S7,NLI, GBNDVI 0.92 G52
SI-T,GRNDVI,GBNDVI 0.89 A3

24 TMLEESHESIT
R 57—k 42 [ 138 2 R V5 B 40 2o bm o, AR B b P R 43 o 5 AR BAL AR, LR 5. ARYE S
Db, 5T IX S0 4 SR A RR T Q18] 4 FoR , -3 B Eh BV 0.34~8.99 o/kg, F-3I{H 4 1.87 g/kg.
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Tab.5 Classification standards for soil

B/ (gkg™)
Salt content

AT
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Types of soil salinization

0~2 2~4 4~6 6~10 >10

10
B H/ME/(g-kg™") Minimum value

o B B AME/(g-kg™") Maximum value

L B OEHE/(g-kg ) Average value
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Fig.4 Statistics of soil salt content
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Tab.6 Model evaluation results

Bl I Al PLER 27 S BRI f b HE1 HE2 HE3
Data source Model ~ Machine learning model evaluation metrics ~ Combination I =~ Combination 2 Combination 3
R’ 0.94 0.91 0.80
Sentinel-2 SR RF MSE 0.29 0.30 0.44
RMSE 0.53 0.54 0.58
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Fig.5 Salinity inversion maps of different combinations
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