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Soil Salt Inversion of Typical Improvement Demonstration Area of
South Bank of Yellow River Based on Sentinel —2 Images
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(1. College of Water Conservation and Civil Engineering, Inner Mongolia Agricultural University, Huhhot 010018, China
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Abstract; Soil salinization seriously restricts the circular development of farmland economic production,
and it is of great significance to monitor the dynamic change of soil salinity efficiently and accurately for
the improvement and utilization of saline-alkali land. To timely and effectively monitor saline content in
four typical salinized farmland improvement demonstration areas on the south bank of the Yellow River in
Inner Mongolia, for example, using Sentinel — 2 multispectral remote sensing image, synchronous
collecting the surface soil salt data, screening sensitive spectral index through correlation analysis, based
on three simple machine learning models of PLSR, SR and RR and Transformer deep learning model,
finally precision evaluation and optimization of the best salt inversion model was carried out. The results
showed that the visible light, red edge, and near-red band reflectance values of soil reflectivity in the
demonstration area were positively correlated with soil salt content. The reflectivity values of the short-
wave infrared band were negatively correlated with soil salt content. Introducing spectral index can
effectively improve the correlation between Sentinel —2 remote sensing images and the salt content of the
surface soil in the demonstration area ( |r|1=0.32). A comparison of different models found that the
Transformer deep learning model outperformed the simple machine learning model, and the R* and RMSE
of the validation set were 0. 546 and 2. 687 g/kg; the salt inversion results were consistent with the field
results, which provided a reference for more accurate inversion and improvement of the salinization degree
in the south bank of the Yellow River in Inner Mongolia.
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Tab.1 Calculation formula of spectral index
45 AR SCHER T
HhAHER(SI-T) Sy =100B, /By [29]
AR (ST SI=(B,B,)** [29]
A e % (S12) SI, = (B3 +B; +B3)"’ [30]
AR E(SI3) Sty = (B3 +B7)"? [30]
nﬁ%*ﬂbﬁﬁ(sm) Sl, =B, /By [31]
R IRE(SI5) Sls = (B, = B,,) (B, +B,,) [31]
R FEE(SI6) Slg =B, B,/B, [31]
R 8% (S17) Sl; =B,By/B; [31]
S5 HE$(BI) BI= (B} +B3)"’ [32]

- o
VA — Ak 22 51 4 4 35 H NDVI=(By —B)/(By + B [33]
(NDVI)
ih Wtk B R AR ¥
i DA I SRSI=[ (NDVI-1)> +SE1%5  [34]
(SRSI)
PR L fE A AR A ERVI = (B, +B,,) /B, (35]
(ERVI)
58 2 J3E 0 17 A Bl R CRSI=[(BgB, -B3B,)/ 36
B (CRSI) (BgB, +ByB,) 1%
I — WA B 1
9 — fb B 5 # NDVI, = (By, —B.)/(By, +B,)  [37]
(NDVIL)

3 4T 3 25 =¥
21 3 5 R FE IRECI = (B, - B,)/(B. +B,)  [38]
(IRECI)

LLHIER ST PR AL (STrei)
1 :B, ~Bg By, By, \B, 435 7 LA () Blue,Green,Red ,REI |
RE2 RE3 NIR .Narrow NIR SWIR1 SWIR2 i B Jx 5f %

Sie =By/Biyy (i=1,2,3) [39]

(s BB RS X R R

v
(Sentine12 12 &5 3

AbPIREAS AT
WHE G E M S

BRI B AR

(BB R T ST R BRI R T B B

K4 BRI
Fig.4 Technology roadmap

L4 TEQSHBEWMMNERSHIE

AW TG 2 4F 19 S B AEAE A 255 1 — R
BNNHEATHE R, A5 A R0 6 IR 4R 1 R o3 4% L] 20 1
HEAT A5 (] By JBORE | T £ TiE S AR A A0 256 3iE A 5 ]
—EH Ay AT A) . JE R B A BEAR fF IBMSPSS
Statistics 22. 0 #F 47 Fz /R # #H 2% 1% 43 #1 ( Pearson

correlation coefficient, PCC) , i & H AH ¢ 1 4 & 896
TEAEARAE S 1 AR 5, SE I g R O A ST
A 9 R 00 i e/ 3R R AR RS B A [ AR AR
U4 [l A R i 2% 2] Transformer A

P fe /> — 3 [l ARG AU S — Fop 22 PR AR X 2 5 742
I AR Ty vk R T A R B AL L R R B 2
PR 1A B LA, AT 58 - i e D 3% 38 22 O [m] H G ik
TR [R) 7

A ] U R Y S ] D 3 A8 e 0 B AL R AR
BAGIARRY B 5| A — il B8 i 5 HR B AT F
Ko, I O 2 AW RS B B AT KSR, Y
JE e 1A figp BB ik oy T T R R L e Y 5 | AT
P AN 8 25 O UK JHOMM B, DA O Ok 5 | AR 118 72
TP R R R R R R
BB AT 035 0 e R AR i e A Il 1 7 B, A A
g 35 A R A 1 05 Oy AR rh S BR Ry b, D AR IE B
J BT A 2 0 fige R e AR A A o

W [ A TR e — A i A 05 5 vk AR B
R RE /N Ak, 5 i/ A R e R I AN TR
AE T LI A 0 i At 3 R 3 SRS AR R S A
A RERLRL

Transformer 5 """ i 75 7 4% Gt 45 B 22 19 4
( CNN) F1% BF #h 28 00 2% (RNN ) i 45 B 38 4y, A o |
Je—A Attention Z5 4, iy & % 41 1F | it 185 4L AF 1 E
T Z (G A 2 R b, o B 20 10958 2 i — 5 4
it 4 2 B 25 (encoder ) A4 B 5 fiff A% 2H 17 #8731 2 Hi AH
[) K0 B (5 9 B 8% % 7 ) 114 it % 2% ( decoder ) 2H i o

3% F P2 & % ( Coefficient of determination, R*)
F 75 Hil 1% 22 (Root mean square error, RMSE ) Xif #5
T 18 et R T TORG B 0 AT BT A . oo R
e T 1, Ul WY 0L R R B, Al ORS R
RMSE 8 #2307 0, 15 B Al 00 252 22 8 /)N, Al DS B2
O

2 HRESMN

2.1 ZMtEESHESE

L2 A L R G RRAE IR 2 FTOR,
2021 AR 2022 AR 4 YK A 50 h i S I B 43
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4350 7. 105 .6.798 7. 616 6. 475 g/kg, + &
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Tab.2 Statistical analysis of soil salt content characteristics

M B/ (kg™ ) BOME/ (goke ™) FBII/(gke ') BRMER/(eke™')  RRIEU (eokg ) BRERM
2021 44 H 13 H 18. 136 3. 158 7. 105 4.120 5. 865 0. 580
2021 4210 H 8 H 17. 666 3.054 6. 798 3.732 5.556 0. 549
2022 4F 4 H 20 H 17.558 3.281 7.616 4.384 5.501 0.576
2022 4F 10 A 17 H 17.919 3.035 6.475 3.511 5.172 0.542
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5 g R AR O LA e B B, I B, 5
b R I R G, Pl Dl B R S R, A
KABGEF 0.31,

HRENEXRY

Tab.3 Correlation coefficient between each band reflectance and salt content
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Fig.5 Correlation coefficient of salt content and spectral index
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Tab.4 Comparison of soil salt content inversion model

LA LR S
i A RALA 7 RMSE/ RMSE/
(gkg™") (g-kg™")
SI, . SIs ., SI, . SI, . ERVI, S=2.127 +0.605SI, +47.63SI5 —13.517SI, +22.975SI, -
PLSR 0. 439 2.975 0.376 3.128
Siret St Siies 0.098ERVI +14.573S,,,, +5.069S,,, —8.606S,,,5
S = 3.379 + 45.724SI; + 16.928S,., + 12.078SI, -
SR SIs \S1,0 SI; S 0.432  2.993  0.369 3.157
7.4988S,,,5
SI, | SIs ., SIg, SI, . ERVI, S=7.275 -2.44281, +27.481SI5 +0. 1665l +4.971SI, -
RR 0.417 3.042 0.354 3.152
Stret St Sires 0.287ERVI +7.284S,,,, +3.32S5,,, —1.3945,
SI,. SI, . S, . SI,. ERVI,
Transformer . . . 0.720 2. 106 0. 546 2.687
Stret vStre2 Strea

JEW T RR B PLSR 570 A 40 4 A0 B0 GIE 4 R 4y
5k 0.439.0.376 , RMSE /3 51 &y 2.975.3. 128 o/kg,
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