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Study on the polarized reflectance hyperspectral characteristics
and models of typical saline soil

HAN Yang®, XU Wen-Ru, JIN Lun
(School of Geography Science, Northeast Normal University, Changchun 130024, China)

Abstract: Saline soil cause great damage not only to the agricultural production but also to the ecological environment.
The general model for optical spectrum characteristics of the saline soil in Jilin Province was established and validated ac-
cording to the polarized and hyperspectral spectral information. The results show that there is a strong relationship be-
tween the hyperspectral polarized information of saline soil and its physicochemical property parameters, especially for
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the soil line, from which we could calculate the soil with different of salinity.
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tween 350 ~2 500 nm
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Table 1 Absorption parameters of saline soil samples under 0°and 90°polarizer near the band of 1 450 nm
WAK FEIES L/ nm T M FRES BOpiN; 3 AT SAI
{7/ nm 0° 90° 0° 90° 0° 90° 0° 90° 0° 90° 0° 90° 0° 90°
1445 0.549 0.612 134 142 0.015 0.013 2.564  2.397 0.000104 0.000131  0.729 0.691 -3.161  -2.989
1456 0.498 0.523 146 147 0.076 0.078 2,265 2.223  0.000072 0.000081  0.697 0.704 -2.438 -2.328
1449 0.447 0.563 112 109 0.016 0.019 1.904 2.012 0.000 100 0.000132  0.702 0.731 -1.202  -1.319
1461 0.388 0.548 362 349 0.017 0.019 3.689  3.923  0.000045 0.000049  0.761 0.749  -12.228 -12.721
1442 0.272 0.335 159 158 0.014 0.013 1.773 1.927  0.000098 0.000076  0.797 0.789 -4.299  -4.919
1448 0.196 0.263 224 223 0.013 0.012 2,672 2.781 0.000077 0.000078  0.876 0.812 -9.287 -8.729
1452 0.265 0.373 95 101 0.009 0.011 2.092 1.938  0.000085 0.000082  0.821 0.786 -0.834 -0.779
1464 0.237 0.259 315 308 0.020 0.022 1.763 1.923  0.000034 0.000031  0.684 0.692  -10.697 -10.891
1457 0.286 0.322 117 119 0.010 0.013 1.229  1.387 0.000061 0.000049  0.638 0.684 -3.973 -4.128
1443 0.243 0.312 128 124 0.018 0.023 4.860  5.024 0.000076 0.000070  0.785 0.687 -4.283  -3.991
£2 0°BIRF 90 BIRMK A T Eh ik TIEHEATE 1 940 nm Bt E BB IR B itk th 25 451 B RIS E 54
Table 2 Absorption parameters of saline soil samples under 0°and 90°polarizer near the band of 1 950 nm
WA K FEIES i JEE/nm TRE [EA R MFRE A SAI
8/ nm 0° 90° 0° 90° 0° 90° 0° 90° 0° 90° 0° 90° 0° 90°
1951 0.516 0.562 311 298 0.045 0.032 12.132 11.323 0.000081 0.000076  0.707 0.813 -15.441 -14.232
1939 0.462 0.490 297 309 0.043 0.049 10.872  12.376  0.000090 0.000083  0.811 0.792  -17.281 -16.991
1931 0.392  0.492 301 322 0.051  0.053 10.346 10.762 0.000098 0.000078 0.732  0.774 -16.872 -15.729
1959 0.321 0.403 328 359 0.046 0.042 12.672  13.341 0.000060 0.000059  0.645 0.701 -11.727 -12.593
1941 0.192  0.289 287 209 0.030  0.032  8.389 9.782 0.000103 0.000012 0.823  0.698 -17.451 -16.663
1940 0.131 0.253 249 258 0.023 0.029 13.538 15.229 0.000079 0.000069  0.703 0.742 -4.783 -5.803
1934 0.194 0.359 303 331 0.079 0.059 11.128 12.828 0.000023 0.000032  0.664 0.782  -12.332 -10.229
1930 0.179 0.293 330 319 0.051 0.050 11.177 10.391 0.000045 0.000055  0.663 0.772 -6.034 -5.304
1942 0.181  0.243 321 312 0.034  0.044  9.792  8.292  0.000050 0.000067 0.677  0.645 -10.221 -9.388
1955 0.169 0.345 311 297 0.079 0.073 19.242  18.391 0.000043 0.000042  0.603 0.504 -9.489 18.334
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(FDR (A)) with different soil salinity between 350 ~
2500 nm
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Fig.6 Soil line of the tested soil with different Salinity
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Table 3 Polarized reflectance-Soil properties Models near G3 and G4

W B Ak Jm TR A TGS (R) -HRA T A 7] A5 76 R? RMSE
. 0° ffifie y=3133322-191.29x + 0.467 8 0.5456 0.428 5
G3 Salinity
90° fhifi y=507142 -284.33x + 0.6275 0.6358 0.4379
. N 0° fhidi y =55 6202 -340.65x + 0.4812 0.8724 0.4437
G4 Salinity ,
90° fhidf y =47 638x% -265.36x + 0.556 4 0.7198 0.4418
0° fhifie y=0.117 6x> -2.653 1x + 15.215 0.8008 0.5005
G3 pH {i
90° ffi i y=0.117322 =2.666 9x + 15.513 0.6505 0.5131
. 0° fhifi y=0.061 22> ~1.543 8x + 9.733 5 0.8825 0.504 0
G4 pH {H B >
90° fhi i y=0.170322 -3.775 4x + 21.233 0.8048 0.6077
3 K 0° fhi i y=-0.0007x> + 0.0202+>-0.148 4x + 0.516 1 0.615 0.4145
90° fhifi y =15.237x3 —44.506x% + 41.07x - 11.607 0.7754 0.4105
o B 0° friié y=13.221x3 - 38.28x% + 34.915x -9.861 8 0.5207 0.4329
90° fhi ik y=10.227x -29. 644x% + 27.001x -7.396 5 0.6449 0.4238

Frgeatla, BUS RAFRCR (W3 3) . 35 3 J& H 1
PR G S AR5 e A A ) 0 O AR, 22
i F RS, Rk B A A 3 R BOC &L M oG
FROR, n] DL A 7000 £ 51k R pH (R A
EC, i U F - HEEE DAL R A DA
2.6 BFUTERBIREFSSTEELREMEZME

e R E R, AW (IR DOP (Degree
of Polarization) Y >y 5& 48 b A 41 i Hu ) F A D 41
BRI D I 52 114 50 20 B 3 5802 ol o i U A
BCI-S T e, R S R PN T 1A B O AR R
LTI 2 g R/AS: W (I A
R90 — Ro

DOP = Ry, + R, , (5)
Forfr, Rog S T2 Y6 il I 1) L SRR A7 (i 9% /A 90°
A0 45 52 5625, Ry 2 98 96 b 5 160 09 0° B £ 4 I
B,

s H(S) 0 L e I 5 REEAT 4% 115
It R L AN JE PR AT OC R 0 B F i R A
AU, DL T SRR Y R AR ) I BRI
JE, AT LA H i 9% B2 R0 5 R PR O 2R Bl
S IR A PR R, FURIR EEOR , SR B 2R MR

2o F ARG, B A BRI o 50 g 41 38 5 1 4
R R 22 T A7 A S 25 1) RO ARl AT
BrE 1 R A AN [R) P B Bl P ) D IR ' 1 A
MU LGRS f e R S i U= A AT = K S
A Wi 0 6351 A - 3 FAL T MR A X — R SE | X
Fefit 1B S

3 #it

8 X 3 AR P PR R i AL £ 350 ~2 500 nm
T B Y B iR O C IS, AT T R AT AR 458 -

(1) R B R R P = g h 2 %
BT AR BE 0 RS (FLEA L i A A,
AR K- 2%, DA 350 ~ 800 nm FFFIT 4 AT UL IX Ji,
T, i 22 S LR _E TR, e X ] 3 i
URPRECR. Z 5 WIS i A2 (B 2%, 35 T
1450 nm B3 1 940 nm P AT 2 210 nm FFEETE

y=17.375x+0.117 5
R=0.446 1

¢ o
4

G3-DOP

0.20% 0.40%
Salinity/%

~ 02

0
0.00% 0.20% 0.40% 0.60%
Salinity/%

G3-DOP
= B 0

o~
v,

10.0 10.5 11.0
pH




612 i 5 2 K% i 34 45

EC(ms/cm)

K7 G3 Hl G4 Bt DOP-t e PEAF Al
Fig.7 DOP-Soil properties Models near G3 and G4

2k S B B R 0 SCHIR A, L 1450 nm 35 Al
1940 nm BfHE (04 S HIR A 50 B 2.

(2) #hmifb Bt 4 BA A TE, 6 R %
e Se Rl ER R I /N, SR 5 B R 1 4k
58y NI R | ST iy NI S S S ] SR S 2
BGOSR A AO H CRE R AT, T
F I ER B AR AR, (A5 R S R R
ST R A L B, U AR T HOR IS R
S PR FRATT AT LA AR 48 €20 98 1 R 1 R DX i) 32 B
18 AR AR B ) R vt b .

(3) ARy T A AR B R4S 1Y R LR
), H S AR 1, JHE s A2 A AR [ 1, B 2 4R 358 1k
PRI I35, R HELR 0 RF AR /N #REE AR K. H ]
DIHEWT, b mi b B S H LR S8 L —
SEMA . Rk (5 B S R0 m M (3R L EC
A pH AH) Z 8] AT LT B [ AR A Zvifju Bz
[ 2A — 2 WA G OC &R, 38 of X AU AT F A 5,
?izﬂw;zn#%‘zwﬂﬁﬁ%ﬁ%%@&%%

References

[ 1]Baumgardner M F, Silva L F, Biehl L L, et al. Reflectance
properties of soils[ J]. Advances in Agronomy, 1985, 38
1 —44.

[2]ZHANG Fei, TASHPOLAT Tiyip, DING Jian-li, et al. The
study on the reflectance spectral characteristic of salt-affected
soil in typical oasis of the middle reaches of Tarim River[J].
Progress in Geography (5K K, ¥EVUHTFI8E - SRR, T2
I, 55 B AT v i SR il 0t Ak e A0 R 4

ik, s IB R SRR ) , 2012, 31(7): 921 —932.

[3]Yong-Ling W, Peng G, Zhi-Liang Z. A spectral index for
estimating soil salinity in the Yellow River Delta Region of
China using EO-1 hyperion data[ J ]. Pedosphere, 2010, 20
(3): 378 —388.

[4]LIU Huan-jun, ZHANG Bai, WANG Zong-ming, et al. Soil
saline-alkalization evaluation basing on spectral reflectance
characteristics[ J]J. Infrared Millim. Waves. ( X|#e%%, 5K
i, ELR, A T ROBDC IR AR 9 £ R B AL I
NS =KIEFR) ,2008,27(2) ; 138 —142.

[5]Breon FM, Tanre D, Lecomte P, et al. Polarized reflec-
tance of bare soils and vegetation: measurements and mod-
els[ J].IEEE Trans Geosci Remote Sensing, 1995,33(2) :
487 —499.

[6]Maignan F, Breon F M, Fedele E, et al. Ploarized reflec-
tances of natural surfaces: spaceborne measurements and
analytical modeling[ J]. Remote Sensing Environ. , 2009,
113 2642 —2650.

[ 7] Litivinov P, Hasekamp O, Cairns B, et al. Reflection mod-
els for soil and vegetation surfaces from multiple-viewing an-
gle photopolarimetric measurements[ J|. Journal of Quanti-
tative Spectroscopy and Radiative Transfer, 2010,111; 529 —
539.

[ 8 ] Peltoniemi J, Hakala T, Suomalainen J, et al. Polarised bi-
direction factor measurement from soil ,stone and snow[ J].
Journal of Quantitative Spectroscopy and Radiative Transfer,
2009, 110 1940 —1953.

[9]Sun Xiaobing, Qiao Yanli, Hong Jin, et al. Expermental
study on polarization charac lerisli( of man-made object[ J].
High Technology Letters( e T3t 4], ke, 45, Sl
B ) ,2003,13(152) ; 23 —27.

[10] Sun Xiaobing, Hong Jin, Qiao Yanli. Measurements of
multi-angle polarization properties of the water-bearing
yellow brown soil using multi-band polarimetric imagery in
the laboratory[ C]. SPIE, 2009,7160; 71600V-1-11.

[11] LI Hui, LIN Qi-zhong, WANG Qin-jun, et al. A novel
hyperspectra absorption enhancing method based on mor-
phological Top-Hat transformation [J]. Spectroscopy and
Spectral Analysis (2555, M Jg ., FARKE, % iEFE5
&), 2010 30(3) 644 647.

[12]HAN Yang, ZHAO Yun-sheng, WANG Ye-qgiao. Quanti-
tative research on spectral polarization characteristics of
soil with different water content[ J]. Journal of Remote
Sensing (#hFH B = T, EBFFr. AN [A] 55 7K i 035 i Pk
JCIERHIE E f 40 B, B RE R ) ,2013,17(5) : 1082 -
1086.

[ 13]ZHENG Lan-fen and WANG Jin-nian. A study on imaging
spectrometry and its extraction of image spectral informa-
tion[ J]. Remote Sensing of Environment (¥>:27%, £%&
. RRIEIBOLIEHOR B H K BOLEE ._,\j:/TEEz/\B?Eﬁ
7%. MBS ,1992,7(1) : 49 —58.

[ 14] Palacios-Orueta A, Ustin S L. Remote Sensing of Soil
Properties in the Santa Monica Mountains 1. Spectral Anal-
ysis [ J]. Remote Sensing of Environment, 1998, 65
170 —183.

[ 15 ] Madeira Netto J. Spectral reflectance properties of soils
[J]. Photo-interpretation, 1996(2) : 59 —76.





