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Soil Salinity Inversion Based on Best Subsets — Quantile Regression Model
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Abstract; The soil salinity is essential for the morphological development, growth process and final yield
of crops in the irrigation area. With present methods, satellite remote sensing though was non-invasive,
dynamic, rapid and macroscopic, estimated soil salinity of soil covered by vegetation have less significant
effect, yet. In order to improve the estimation effect, soil salinity at different depths at Hetao Irrigation
Area was collected. GF —1 image simultaneous was downloaded as the data source. Best subset selection
was used to analyze the sensitivity of different bands and spectral indices to soil salinity at different
depths. R, , R*, A, and S, were used to determine the optimal combination mode of the sensitive
independent variables number at different depths. Based on these, artificial neural network ( ANN) ,
support vector machine (SVM) and quantile regression ( QR) were used to construct soil salinity
inversion model at such depths as: 0 ~20 ¢cm, 20 ~40 cm, 0 ~40 cm, 40 ~60 cm and 0 ~60 c¢cm before
and after best subset selection. The determination coefficient for calibration set before best subset
selection ( R?, ), determination coefficient for calibration set after best subset selection ( R’ ),
determination coefficient for verification set before best subset selection (R%) , determination coefficient
for verification set after best subset selection (R’ ), root mean square error for calibration set before best
subset selection (Ryq,) , Toot mean square error for calibration set after best subset selection (Ryqg,, ) ,
root mean square error for verification set before best subset selection ( Ry, ) and root mean square error
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for verification set after best subset selection (R, ) were used to evaluate the effects of the models. The

results showed that B4, BI, SI1 and SI3 were sensitive variable combinations of soil salinity at depths of

0 ~20 cm and 0 ~40 cm. B4, BI and NDVI were sensitive variable combinations of soil salinity at depths

of 20 ~40 cm, 40 ~60 cm and 0 ~60 cm. QR inversion model showed its good performance because of its
strong robustness. With R?, and R’, were both above 0.4, and R, and R, were both under 0. 4% ;
followed by SVM, and ANN was the worst. Compared with other depths, the QR inversion model
performed best at depths of 20 ~40 ecm, with R?, of 0. 611, R’ of 0. 671, R, of 0. 177% , and R,
of 0. 160% . The combination of best subset selection and QR method in the modeling analysis of soil

salinity provided a new approach to optimize the satellite multispectral model and quickly measure the soil

salinity. The research result provided a reference for the wide-scale soil salinity monitoring of soil covered

by vegetation.

Key words: soil salinity; remote sensing; best subset selection; quantile regression; inversion models
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Fig.1 Schematic of study area and distribution of

sampling points
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Tab.1 Summary statistics of soil salinity of sampling points
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JENEN 33 26 7 6 0.060 2.531 0.378 0.468 1.238  3.071

0~20 JE e 22 17 5 4 0.060 2.531 0.369 0.446 1.209  3.169
YEsE 11 9 2 2 0.070  2.416 0.395 0.520 1.316  3.052

=X 33 27 8 4 0.068 1.289 0.316 0.274 0.867 1.942

20 ~40 R 22 18 5 3 0.068 1.289 0.318 0.281 0.884 2.049
BFSE 11 9 3 1 0.076 1.062 0.314 0.265 0.844 1.801

JERIN 35 25 7 5 0.064 1.828 0.347 0.360 1.037 2.539

0 ~40 FERAE 23 17 5 3 0.064 1.828 0.346 0.357 1.032 2.541
IESE 12 8 2 2 0.080 1.734 0.349 0.375 1.074 2.697

=X 35 21 14 2 0.053 1.229 0.311 0.253 0.814 1.799
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RS 12 7 4 1 0.080 1.197 0.312 0.261 0.837 2.010

ik 34 24 10 4 0.073 1.452  0.335 0.313 0.934 2.162

0 ~60 AR 23 16 6 3 0.073 1.452  0.336 0.319 0.949 2.186
LioaniE S 11 8 4 1 0.080 1.381 0.332 0.306 0.922 2.214
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Fig.2 Results of Pearson correlation coefficient analysis between independent variables and soil salinity

2.2 ETETFENSRETEAEGHRBERTE
I 4T 0 e vk 1 26 AN R0 E A 28 i B AL
HE T A IR R E A IR R AN [F %k H
A S () iR A 7 UL ER 35 ARHE R Ry A
Sy 4 FRAS[R] 9 56 UE F8 b 0 0 AN [T ER BE T e fit B A2
G
M3 FTLUE 7R — BRI T e H AR S5

H 30, R 52 5638 K5 /N3, A Sie \ Ryse
W/ R, FE 0 ~20 em 20 ~ 40 cm
T, Ry BB TRBE RS AT/ 38 T 12 4
5% KA KA G R BT 5 Wi s b+ 18 7 Eh i AE
SR Bt VR 1 T 71 A B 1) 5 i R AR T B
FEBWITHE . AR T R? 5 90 2 1 R W/ 4
P20 ~40 em Wb EIRKRAE, S5G2%2.3 L



%510 ) SRR A T e

SRR ) 398 B R AT 147

®3 2FEREREAGAXERSIT

Tab.3 Best combination result after total subset selection

WHE/em  HARREU/A FAEAA R? Rygp/ % Arc S
2 B4* Bl 0.37 0.41 0. 81 0.93
3 B4 BI MSAVI*™ 0.41 0.40 0.82 0.98
4 B4* BI.SI1 ™ SI3 ™ 0.53 0.37 0.79 0.99
0~20 5 B4 * BI.SII ™. SI3 ™ NDVI** 0. 46 0.39 0. 81 1. 05
6 B4* BI . SIl ™ SI3 ** NDVI* B2 ** 0.52 0.38 0. 82 1.09
7 B4 * BI.SII ** SI3 "™ NDVI** B2 ™ RVI™ 0.53 0.37 0. 86 1.17
2 B4 BI 0.59 0.17 -0.40 -0.28
3 B4* BI.NDVI™ 0.67 0.15 -0.53 -0.37
4 B4* .BI .NDVI™ ARVI™ 0.63 0.16 -0.51 -0.32
20 ~40 5 B4* BI .NDVI™ S2 ™ ARVI™ 0. 62 0.17 -0.49 -0.25
6 B4* BI .NDVI** S2 ™ SIl ** . S1* 0.63 0.16 -0.46 -0.18
7 B4* BI .NDVI™ S2 ™ SI1 ** S1** S6 0.59 0.17 -0.44 -0.12
2 B4* Bl 0.55 0.26 0.28 0. 40
3 B4* BI NDVI™ 0.51 0.27 0.19 0.35
4 B4* BI.SI1 ™ SI3 ™ 0.63 0.24 0.23 0.43
0~40 5 B4 * BI.SII ™ SI3 ** NDVI** 0.57 0.26 0.22 0.45
6 B4 * BI.SII ** SI3 ™ NDVI** B2 ** 0.40 0.29 0.21 0.48
7 B4 * BI.SII ** SI3 ** NDVI** B2 " S6 0.24 0.33 0.20 0.51
2 B4 Bl 0.51 0.19 -0.71 -0.59
3 B4 .BI NDVI** 0.55 0.18 -0.78 -0.62
4 B4 .BI NDVI ™ SI ** 0.55 0.18 -0.78 -0.59
40 ~60 5 B4 BI NDVI™ S1 ™ ARVI™ 0.54 0.18 -0.74 -0.51
6 B4 .BI NDVI** SI ** ARVI™, 0. 50 0.19 -0.72 -0.45
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Tab.4 ANN model of soil salinity at different depths
. TRAEAE (CORIfIE) B UESE (CRTFIE) HEBUE (TS ) BrirAR (k)R )
RzZO RMSELO/% tho RMSELO/% R(ZI RMSECI/% R(ZI RMSEUI/%
0~20 0. 484 0.314 0.243 0.463 0. 395 0.304 0.433 0.387
20 ~40 0.558 0.183 0.583 0. 165 0.583 0. 201 0. 623 0.178
0~40 0.516 0.247 0.453 0.277 0. 483 0.254 0. 436 0.277
40 ~60 0. 481 0.156 0.413 0.202 0. 485 0. 155 0.411 0. 194
0 ~60 0.432 0.240 0. 483 0.217 0. 481 0.234 0.492 0.216

0. 484 F10.243 | R,y Fl Ry 1E 0. 4% o A7 WA
ZHK, 0~40 em 0 ~60 em HERY R: I REHAE
0.45 ZeA7 HAHZ BN, Ryepo A1 Ryspo 15 0. 25% 7t
FLRZERIN, 40 ~60 em RE T ) Ry B/, 1H
& R R (R0 P Ry I ZEFERK, 43 5I3E 3] T
0.068% F1 0. 046% , & WIIZ B AUFR E PRI 2 . 20 ~
40 em VRFE FARIAY R AN R 34 Sk fe e H AR AL (1)
R A R e i, 43 514 0. 558 F10. 583, Ry FlI
R0 B2/, 73 510 0. 183% F11 0. 165% , MK FH
ZUREE T @S R RR 2

Zeid A TR VRS AN RIRE RIS AT
P2 I R 5K e 45 R AL, 20 ~ 40 cm ¥R
JE AR A, (RS BE A AN TR, R RS, 43 5k
|7 0.583 1 0.623, B A K B W4T, BR
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PIARTRITR BE T 00 i S 18 S5 2R OGS H8 50k
H ARG, 8 B RS i ds PSR 1) S AL AR
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FRAELE R WE S PR,

x5 ETARRELEQRSHIHEENRE

Tab.5 SVM model of soil salinity at different depths

VR om HERLAE (R i% ) FiEAR CRii% ) HEBUR (Fi ) ) Sk AR (i Je )

R(Z() RMSE(O/% Rlz() RMSEz,O/% R%l RMSErl/% R%l RMSE:»I/%
0~20 0.452 0.327 0.487 0.432 0.377 0.353 0.376 0.453
20 ~40 0.674 0.157 0. 601 0.173 0. 659 0. 160 0. 608 0.171
0 ~40 0.477 0.267 0. 503 0.295 0. 466 0.268 0.486 0.293
40 ~60 0.456 0.205 0.450 0.163 0.523 0.174 0. 563 0.155
0 ~60 0.584 0.208 0.491 0.209 0.499 0.240 0.458 0.224
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Tab.6 QR model of soil salinity at different depths
. TRAEAE (CORIfIE) B UESE (CRTFIE) HEBUE (TS ) BrirAR (k)R )
RzZO RMSELO/% tho RMSELO/% R(ZI RMSECI/% R(ZI Rh{SEvl/%

0~20 0. 255 0. 280 0. 090 0.507 0. 415 0. 346 0. 442 0.397
20 ~40 0. 366 0.127 0. 090 0.370 0.611 0.177 0.671 0. 160
0~40 0.252 0.233 0. 020 0.523 0.453 0.259 0. 505 0.251
40 ~60 0. 198 0.139 0. 105 0.351 0.499 0.153 0.551 0. 181
0 ~60 0. 356 0.119 0.023 0. 694 0.499 0. 155 0. 457 0.210
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Fig.3  Soil salinity distribution map
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