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Remote sensing inversion and dynamic monitoring of soil salt in coastal saline area

ZHANG Su-ming, ZHAO Geng—xing’, WANG Zhuo-ran, XIAO Yang, LANG Kun

(National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer Resources, College of Resources and Environment, Shandong
Agricultural University, Tai’an 271018, China)

Abstract: In order to explore an effective method for extracting coastal saline soil information rapidly to analyze the change trend of soil salt
content in coastal saline soil area, this study took the Kenli District of the Yellow River Delta as the research area, combined the field
measured data of soil salinity with remote sensing images. The soil salinity estimation model was constructed by soil salt sensitive bands and
spectral parameters which were screened. Then the best estimation model was selected for inversion, and combined with soil salinity index,
soil salinity dynamic degree and barycenter vector model, to count and analyze the dynamic changes of soil salinity in the study area. The
results showed that the sensitive bands of soil salinity were green, red and near infrared, combination of bands could improve its correlation
with soil salinity, and it was better to incorporate sensitive band with band combination. The best estimation model for soil salinity with fitting
accuracy of 0.878 and verification precision of 0.854 , which indicated that the model had good fitting and great forecast ability. From the
three periods of 2001 to 2005, 2005 to 2009 and 2009 to 2015, the degree of soil salinization in the study area was in trend of aggravation,
reduction and reduction. The salinization center was generally migrated to the east coast, and soil salinization had a higher degree of change in
each period. This study proposes a quick way to predict and monitor the soil salt content using satellite remote sensing images, which is of
positive significance for the utilization and management of coastal saline soil resources.
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Figure 1 Soil sampling sites and study areas(2015)
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Figure 2 Remote sensing image of Kenli canton on March 18,2001(a ), March 29,2005(b ), May 3,2009(c ), May 4,2015(d)
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Table 1 Correlation between spectral reflectance and salt content

WeBesn i R
Band Blue 0.136
Band Green 0.661%*
Band Red 0.729%*
Band NIR 0.712%%*
Band SWIR1 0.071
Band SWIR2 0.321%*

T FORTE 0.01 ACE- G ) 1 2540

Note: **indicate the significant correlation at the 0.01 level(bilateral ).

R2 R>07HKERASE
Table 2 Band combination of R*>>0.7

D idzikey R

1 BgxBnir 0.757%*
2 Bg+Br+Bnir 0.736%*
3 BgxBrxBnir 0.733%*
4 Bg+Br 0.725%%*
5 BgxBr 0.710%*
6 BrxBnir 0.708%*

T : Bg A&OLHBL; Br HLLGHE Boir i £LAME B, Tl
Note:Bg is green band, Br is red band and Bnir is near infrared band.

The same below.

http://www.aed.org.cn



SRR, A5 TR DT DX L e 3R RS B 2 W

2018 £ 7 B

Bg+Br+Bnir ,BgxBrxBnir Bg+Br ,BgxBr BrxBnir %5
Tl A
22 TEES RERBREE
2.2.1 FETHUBR B Z e ] 4 Y

PA 3 MR B A R, 3R S S IME S
A AT Z2CER IR [l AT AR BISIR (32 3) 0 3R
3l DA Y, EARORS R ARl . Y =-3.565+
47.825Bg-15.011Br, ZMAIfY F=29.048,Sig.=0.000,
RO R*=0.513, U120 el G 80, W51k

3 GRKRSTAMETER

Table 3 Multiple linear regression results of sensitive band
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Table 4 Multiple linear regression results of spectral parameters

. - - : ARG .

R F Sig.

1 () 5.673 0.844 15.939 0.000
BrxBnir 233.348
BgxBr -20.857
BrxBnir  —-24.107
BexBrxBnir 157.274

2 () 8.562 0.698 15.939 0.000
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BgxBr -101.559
BrxBnir  34.045
BexBrxBnir 778.433
Be+Br+Bnir  -474.45

3 () 3.733 0.623 41.373 0.000
BrxBnir  —30.067
BgxBnir  278.268
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Table 5 Multiple linear regression results of sensitive band and

spectral parameters

. oy - R RE
R? F Sig.
1 () -6.940 0.878 18.057 0.000
Bnir -281.762
BgxBr 60.625
BgxBnir 1 178.140
BrxBnir  -152.396
BgxBrxBnir -1 495.491
2 CH) 9.966 0.839 18.826 0.000
Bg -23.70
Bnir 32.044
BexBr -82.646
BgxBrxBnir  832.767
Bg+Br+Bnir  -180.528
3 (WA -6.940 0.799 18.057 0.000
Br 281.762
BgxBnir 1 178.140
BexBr 60.625
BrxBnir  -152.396
BgxBrxBnir -1 495.491

F% AN 2 R 38 IS FEE X e, il i ik 0.878 Al
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Table 6 Optimization of inversion model and comparison of its parameters

” AR IOUERS
TEEAY ik TR A :
R? ¥ Sig. R?
I T BURP B Y=-3.565+47.825Bg—15.011Br 0.537 29.048 0.000 0.202
o Y=5.673+233.348BgXxBnir-20.857BgxBr-24.107BrxBnir+
S . . X .

II HTtES R 157.274xBexBrxBnir 0.846 15.939 0.000 0.624
] LTI B 2 Y=-6.94-281.762Bnir+60.625BgxBr+1 178.14BgxBnir— 0.878 18.057 0.000 0.854

152.396BrxBnir-1 495.491BgxBrxBnir

Y g IR A

Note: Y is the soil salinity inversion value.
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Table 7 The statistical comparison of the results of the image

classification in 2015(%, deducting the tidal flat, water, etc.)
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Table 8 Soil salinity statistics of each time phase in the study area
(%, deducting the tidal flat, water, etc. )
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Figure 3 Distribution map of soil salt content inversion(a) and interpolating(h ) graph in spring of 2015
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Figure 4 Distribution map of soil salinity in spring of 2001(a),2005(b),2009(c),and 2015(d)
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Table 9 Soil salt content index of each year in Kenli Canton
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2005 1.55 26.53 17.03 48.18 93.29 3.95
2009 1.03 20.24 13.13 58.05 92.45 -0.89
2015 0.80 23.77 13.77 52.63 90.97 -1.60
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5 2001—2005 ££(a),2005—2009 £ (b),2009—2015 £ (c)
BNXTEESSEERTEELE
Figure 5 Spatial variation map of soil salinity level in Kenli Canton

in 2001—2005(a),2005—2009(h ), 2009—2015(c )
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F 10 BARERETESRMEOCEBRZ(n)
Table 10 Transfer vector of soil salinization center in
Kenli Canton(m)

Bz X Y
2001—2005 1 387.46 31.19
2005—2009 384.52 1 787.80
2009—2015 288.26 -283.41
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Table 11 Soil salinity dynamics in Kenli Canton(% )
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