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Construction of Seasonal Soil Salinity Inversion Models in Yellow River
Irrigation Area of Ningxia Based on Multi—-Source Remote Sensing
CHEN You, SHEN Xiaojing, ZHOU Bo, TIAN lJiake, JI Jinyu, SHANG Fenjie, WU Run, ZHANG Jing
(School of Civil and Hydraulic Engineering, Ningzvia University, Yinchuan 750021, China)
Abstract: [Objective] Soil salinization has become a major obstacle constraining sustainable agricultural
development and regional ecological balance. Given the significant spatiotemporal variations in soil salinity across
different seasons, this study integrates remote sensing technology and machine learning methods based on seasonal
differences in spectral characteristics, aiming to provide precise support for agricultural production decision-making
and land resource management. [ Methods] Lihe Township in the Ningxia Hui Autonomous Region was selected
as the study area. A multi-source remote sensing dataset was constructed based on Sentinel-1 SAR backscatter
coefficients, Sentinel-2 multispectral reflectance and derived indices (salinity indices, vegetation indices, texture
features) , Landsat-9 land surface temperature (LST), and SRTM topographic factors. Spectral variables were
preliminarily screened using correlation analysis and the coefficient of determination (R?). The successive
projections algorithm (SPA) was then applied to reduce the dimensionality of the feature space, thereby

optimizing the predictor variable set. Based on this, soil salinity inversion models were developed for the bare soil
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period (spring) and the vegetation-covered period (autumn) using random forest (RF), support vector regression
(SVR), and backpropagation neural network (BPNN) , respectively. [Results] 1) During the bare soil period,
Sentinel-2 original band reflectance and salinity indices contributed most significantly, while topographic factors
and vegetation indices were the primary influencing factors for soil salinity inversion during the vegetation-covered
period. 2) Comprehensive comparison of model performance revealed that the RF model performed excellently on
both the training and testing sets, with R? reaching 0.92 for the bare soil period and 0.94 for the vegetation-covered
period. [ Conelusion] The combined application of multi-source remote sensing data and machine learning can
achieve relatively ideal soil salinity inversion accuracy under different seasonal conditions, thereby providing a
scientific basis and technical support for monitoring and managing soil salinization in the region.

Keywords: soil salinization; multi-source remote sensing; variable selection; machine learning; soil salinity

inversion; seasonal variation
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Table 1 Calculation formulas for salinity indices

HRARK E = PN AL Z:7% SCHk
SI=(G+R)"* [13] S,=(SWIR1-SWIR2)/(SWIR1+SWIR2) [13]
SL=(GXR)* [12] Sy=(G+R)/2 [13]

SI,=(NIR?*+ G*+R»)"* [12] Sy=(G+R+NIR)/2 [13]
SL=(G?*+R?)"* [12] SI-T=(R/NIR) X 100 [13]
SI,=SWIR1/NIR [13] SSSI-1=R—NIR [13]
S,=B/R [12] SSSI-2=(R X NIR—NIR X NIR)/R [13]
S,=(B-R)/(B+R) [12] NDSI=(NIR-SWIR1)/(NIR+SWIR1) [13]
S;=(GXR)/B [12] CRSI=[(NIRXR—GXB)/(NIRXR+GXB)]* [13]
S,=(BXR)/G [12] SRSI=[(NDVI—1)+SI*)]°? [13]
S;=(RXNIR)/G [12] SAIO=(G—NIR)/(B+NIR) [13]
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Table 2 Calculation formulas for vegetation indices

B = AR =
SCHik ik
RVI=NIR/R [13] OSAVI=(NIR—R)/(NIR+R-+0.16) [13]
DVI=NIR—R [13] GNDVI=(NIR—G)/(NIR+ () [14]
N ENDVI=(NIR+SWIR2—R)/ _
IPVI=NIR/(NIR+R) [13] ) (5]
, GVMI=[(NIR+0.1)— (SWIR1+0.02)]/
< — 2 D2 2
GDVI=(NIR?*—R?)/NIR2+R? [13] [(NIR40.1)+ (SWIR140.02) ] [13]
NLI=(NIR*~R)/(NIR*+R) [13] EVI2=2.5X (NIR—R)/(NIR+2.4R+ 1) [14]
NDVI=(NIR—R)/(NIR+R) [13] GBNDVI=(NIR—G—B)/(NIR+ G+ B) [15]
ENDVI=(NIR+SWIR1—R)/(NIR+SWIR2+R) [13] GRNDVI=(NIR—G—R)/(NIR+ G+R) [15]
GARI={NIR—[G+yX(B—R)J}/{NIR+[G+yX(B-R)1} [13] | SAVI=[(1-+L)X(NIR-R) /[ (NIR+R+L>] [15]
REIP=700+ {[40X (R+RE3)/2—RE1
EVI=(1+M) X (NIR-R)/(NIR+ C,X R— C, X B+M) [13] L - / V [16]
RE2—RE1}
MSAVI={2XNIR—1—[(2XNIR+1)*—8X (NIR— (18] ENDVI2=(NIR+SWIR2-R)/ [17]
RY]*°1/2 (NIR+SWIR1+R)
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Table 3 Calculation formulas for texture indices

A 27 SCHR A 275 3CHk
N—1 N—1
Asm= Z iP? [10] Mean= 2 iP;; [18]
ij=0 ij=0
N—1 N—1 "
Dissimilarity= "> iP, i —j| [10] Contrast= ., iP; (i —j) [18]
ij=0 ij=0
N—1 . N—1 :
. . ] . 2
Homogeneity= 2 { P [10] Variance= 2 <P,,», — ,u) /(N—1) [10]
ij=0 1+(Z*]> ij=0
N—1 N—1
Entropy= 2 iPi,/( — In P,~,> [10] Correlation= E P, ;— papts [10]
i,j=0 Lj=0
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%;‘% ﬁ E@ % E‘Z?L ﬁﬁ ?I?Jﬁ (SAR) ﬁ'é 6]5 }% 1:[:[: r%— HTJ‘ 7£ ﬁ’?ﬁf Table 4 Calculation formulas for polarization indices
REYC I BEE , HEEWETE AR 2 &M TR E IR I v %% . %
o8 = o8 =
AR BTG o AN HF 9T %6 BE Sentinel-1 TW #L % Level-1
GRD 7= i % B R 42 © 7F GEE F & b 52 i g 7 ¢ VH [5] | (VV*=VHD/(VV+VHD  [19]
PR T N Vv [5] VV/VH [19]
e XL Y e £ A I ROE P vvv o 15] VV+VH [20]
Mo, A BF 5% %) 4 Bk B 35 91 14 Sentinel-1 5048 I 7K I/VH (5] VV—VH [19]
25 MR b B, LA AT O R B i AR L | vve [5] | (VV=VH)/(VV+VH)  [20]
3% B A S 0 R AR Ak 7 2 I MR AT AR N 0 A VH? (5] VH/VV [20]
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Table 5 Classification criteria for soil salinization levels

iR/ (g kg D + HEER
0~2 A h i 1
2~4 5 e 1
4~6 SR
6~10 GG
>10 Ht
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