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BANS3IADAS2A, EP 4NE RS RE Tk 0.549; L\ EYAA 3 F & 3, GF - 1 % 2 & # RBF > Polynomial
> Linear, 2 # RBF # % 4% & ¥ i& 0.7969, Landsat & £ % # Polynomial > RBF > Linear, £ ¥ Polynomial & #t % & 7 3
0.7154, X3 MER T4, LHF W ENEEEAE N R K&, B ZEE AN T £ 0 &M= A fofs &N — FE5 H
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Remote sensing modeling of soil salinization information in arid areas

FENG Juan, DING Jian-li, YANG Ai-xia, CAI Liang-hong
( College of Resource and Environmental Science, Key Laboratory of Qasis Ecology of Education Ministry ,
Xinjiang University , Urumuqi , 830046, China)

Abstract: Taking Weigan — Kuga River Delta Oasis located in the northern margin of the Tarim Basin in Xinjiang as
study area. Found out 15 salt indexes and 5 spectral vegetation indexes from the images in GF — 1 and Landsat8 OLI da-
ta. By means of gray relational analysis, the soil salinity and image spectral index of 0 ~ 10 cm soil layer were analyzed
and screened comprehensively, and the comprehensive spectral index with high correlation with soil salinity was further
determined . Using multivariate linear regression, partial least-squares regression and support vector machine regression to
construct the soil salinity comprehensive index estimation model based on the measured data and the image data respec-
tively for GF — 1 and Landsat8 OLI images, and then select the optimal model. The results: (1) SR, CSRI, SI, BI, S6,
ARVI, SAVI, NDSI were the higher of all 20 spectral indices and the correlation coefficients were above 0.7, and build
a composite spectral index based on the eight spectral indices. (2) Three kinds of estimation models: the coefficient R?
of multiple linear regression model based on GF — 1 is 0.6856, which is higher than that of the model constructed based
on Landsat8 OLI R?0.5142; 1 — 8 partial least squares regression principal components, GF — 1 coefficient of determi-
nation: 2>3 > 1, 2 principal components reached 0.6104. Landsat, the coefficient of determination: 4 >3 >2, 4 prin-
cipal components up to 0.549; support vector machine model of the 3 kinds of function, the GF — 1 coefficient ofdetermi-
nation RBF > Polynomial > Linear, RBF function is up to 0.7969. Landsat, the coefficient of determination Polynomial
> RBF > Linear, Polynomial function is up to 0.7154. Thethree models show that the R* of support vector machine re-
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gression model is the highest, so the model is better than multiple linear regression and partial least squares regression for

the estimation of soil salinization.

Keywords: soil salinization; comprehensive spectral index; multiple linear regression model; partial least squares

regression model; support vector machine regression model
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Fig.1 Geographical position map of study area and distribution of sampling points
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Table 1  Parameters
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I GF =1 T 2013 4E 4 /] 26 H7EH K %
TR G L B A S I A TIUE BB, GF - 1 T,
EGE N 3 Y 3% 55 K BH TR 25, B03E & R
645 km, PG 2 m &2 1/8 m Z G HHL
(PMS1 H1 PMS2), FIPU 4G 16 m ZGIEAHL(WFVI -
WFV4) , 1 1,

| DEHESH
of GF -1 satellite payload

A tid2ass idete P FE L/ pm 23 (A 43 B /m Wi 92 /km BRI/
Load Band Band Spectral range Spatial resolution Breadth Periodic cover
pan {8, Multi-spectral 0.49~0.9 2 60 41
bl W Blue 0.45~0.52
PMS b2 4% Green 0.52~0.59
8 60 41
b3 21 Red 0.63~0.69
b4 IELTAM Near infrared 0.77~0.89
bl W Blue 0.45~0.52
b2 %3 Green 0.52~0.59
WFV 16 800 4
b3 2T Red 0.63~0.69
b4 IELLAM Near infrared 0.77~0.89
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Table 2 Soil spectral indices
JGiEHE R NN E= BN JEigHE R A E= BTN

Spectral indices Formulas References Spectral indices Formulas References
EhoriaR EDVA (214 R x NIR
Salinity index(SI 1) (R~ MR) X100 Salinity index (S6) Iz [15]
FERERR N L
Brightness index (BI) R"+ NIR 7] Simple ratio index(SR) NIR/R [24]
R PR 568 2 ) 7 4 K (NMRx R) = (GxR) [26]
Salinity index(SI) x Canopy response salinity index( CRSI) (NIRxR)+(GxR)

. H—fbEh a5k
Iyl _
mﬁ&ﬁ ! Rx G Normalized differential salinity index R= NIR [11]
Salinity index 1 (s11) (NDSI) R + NIR
AR 2 IA—feAR B R A NIR - R
T v G?+ R* + NIR? (4] Normalized difference vegetation index Frrr— [21]
Salinity index 2 (SI2) (NDVI) NIR + R
%3 S LL R E NIR - R
/2. p2 _ MR=-R
Salinity index 3 (SI3) G+ R Enhanced vegetation index(EVI) 2.5x% ( NIR +6R-7.5B +1 (17]
EHhoresi ZEEAERAREL
Salinity index(S1) B/R Difference vegetation index (DVI) NIR - R [22]
e B-R [15] b A A AL ( NIR - R ) «(141) [16]
Salinity index(S2) B+ R Soil adjusted vegetation index (SAVI) NIR+ R+ L
BT - 3 5 A L

e - : MR-1)-+/ ONR+1)2-8(NR-R)

ﬁ?ﬂéf& Cx R Modified soil — adjusted vegetation in- [(2NR - 1) (VIR +1)* -8(NIR- R) ] [18]
Salinity index(S3) B dex(MSAVI) 2

e T e gk b K

HIPIE Bx R fn;fjfi;tﬁdﬁﬁi?zfidnt vegetation in- NR - (2R - B) [28]
Salinity index (S5) G P Y g NIR + (2R - B)

dex(ARVI)

TE: BB G5B R £TIEBE; NIR GELLAMIE B L o H3ER TR Wi, — i 0.5,
Note: B: blue band, G: green band, R: red band, NIR: near infrared band. L: soil regulation factor, constant, L=0.5.
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nt, i x, € R,,y; € R VFESEWE, W SVM [H]
FRECH
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SVM T a] e AN [A] 4 PN R e 0 S B0 1 £ 1 ek 4
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K(x,x,) = ({x,x,0 +0) (5)
E AT

K(x,x) = (%xxl% +0)¢ (6)

RBF 15730142 1] REA% PR«

K(x.x) = expf - '”2"62”'2} (7)
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2.1 EF GF-1 7 Landsat8 OLI i35 £ ¥ 1B Ik
BXREES
) AR 38 AN S s 1) A b 5 38 SR
144543 GF — 1 F1 Landsat8 OLI 524417 20 it

BA, 5 RIS Eh i T i, R R (8 ORI
TR CHREIEHE Y, 45 R 3% 3 ron. £ GF - 1 Al
Landsat8 OLI 5245 43 5l 3k th - 58 &% $hit 5 & F5 4L
ORI BE B W 5 AT BUR e P4 48 BUBOT
AR 15 3 19 06 1% 45 £ 43 5 & - SR, CSRI, SIL BL, S6.,
ARVI, SAVI F1 NDSI,

&3 GF- 170 Landsad OLI GRS R A IREREKEMHEFF (0~ 10 em)
Table 3 GF -1 and Landsat8 OLI image spectrum index and the grey correlation degree and sort of salt

— GF -1 WFV Landsat8 OLI

Vegetation index IR P KIRIE Hery

Correlation degree Sort Correlation degree Sort
484K Salinity index (SI-T) 0.73269 9 0.78794 7
I3—1kEh 4315 %L Normalized differential salinity index(NDST) 0.73339 6 0.78795 5
ZEHMEHEFEEL Difference vegetation index (DVI) 0.73269 10 0.78794 8
R85 Salinity index(ST) 0.62012 18 0.62893 19
TEPEHEHL Brightmess index(BI) 0.71570 12 0.78930 4
ER4M5% 1 Salinity index 1(SI1) 0.62188 16 0.64483 17
R 48%0 2 Salinity index 2(SI2) 0.70682 15 0.77786 13
h43F5%0 3 Salinity index 3(SI3) 0.62093 17 0.64351 18
R HE% Salinity index(S1) 0.75089 3 0.78263 12
ERr38%L Salinity index(S2) 0.70845 13 0.76267 14
R BB Salinity index(S3) 0.61992 19 0.65951 16
R85 Salinity index(S5) 0.61348 20 0.58442 20
R FEEL Salinity index(S6) 0.73117 11 0.79958 2
fAT B L A A6 %X Simple ratio index(SR) 0.76842 1 0.79314 3
SEJZ M R FEEX Canopy response salinity index( CSRI) 0.76737 2 0.81266 1
I — A 45 %X Normalized difference vegetation index(NDVI) 0.73339 7 0.78795 6
ISR AE S S0 Enhanced vegetation index (EVI) 0.73310 8 0.78633 11
AR BFEEL Soil adjusted vegetationindex(SAVI) 0.73354 5 0.78785 9
fi{ﬂi(ﬁfqi%;ﬁ%*ﬁﬁ?ﬁﬁ Modified soil-adjusted vegetation 0.70710 14 0.78785 10
KA BABCAE B FE 2L Atmospherically resistant vegetation index 0.74425 4 0.73142 15

(ARVI)

2.2 ETF GF-1#1 Landsat8 OLI &ML & HiL
RN IESHEMERIGE

2.2.1 3uAwaEER 2ok g A
S7 A DL A8 R Sy ST R R A o B
IR EE IR BT 75 326 R 1) 8 AN ARG A8 8 1 S i 48 0
BER GG TR BUE R B A2 &, T PR AR R AR
Z IR RNHE S AR 155 CF - 1 BRI E R
M 0.6104, Landsat8 OLI A A i REH 0.549,

2.2.2 fhmh ke asEA  PEH PLSR 5 H1)
AT HIEEREAAG L TE R AL FE B o B e )
— RIS A FEACR NG A 1 B
FHLAT T 1) PRESS B, #E64 PRESS {H/M Y 3 18 534X
ol PRESS {B AN 7E A2 /N 1 32 5 43 B8Ok A AL B 7
PRI A T 1 ~ 8 F o iy L3R 7 il S A A
Horr GF - 1 AR LB A 3 A4, a3 il & i

FRAHCE 1A 23 A RERE 2 A>3 4
> 14,0510 0.6104,0.5992.0.5798 (P < 0.01),
Landsat8 OLI i BABRY L3471 3 1>, a0 il 5 &
BB 2 A 344 RERK 4D >34 >2
A9 0.549.0.5465.0.5421

2.2.3 ZFE@mEEBEAER A FFH Matlab
A S AR o) o ] DA TR AR TR 2 B R S o BE R
)1 PN B R B AR R M s B AU o TE S BRI
FA B PR RO 2 A% BR AL (Linear) 250 4%
PRZX (Polynomial ) F2 0] A% PR X (RBF) . SVM #3711y
AR OIS 7E 8 UT e ), i 2 TE T et AR R
Ifo & 2 HRaT A IR TE R B R RS S
B e FIESEL g, FEAL T SVR BRI ER 43 A 53
ZiaHEE R BN, GF - 1 5184 ¢ 4 15, ¢ b 0.0039
I RUAG S 45 S e . U e R %X RBF > Polyno-
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mial > Linear, 43 %) & 0.7969.0. 7715.0. 6929 ( P <
0.01) Landsat8 OLISZ4TE ¢ 24 30, g 24 0.25 B )i

Best c=15, g=0.0039, CVmse=0.078541

logs ™ -5 d
O\é%? -10 -10 \o%”

BRUG 53 25 R g5t DR € & %L Polynomial > RBF >
Linear, 735149 0.7154.,0.6845.,0.5423( P < 0.01)

Best ¢=30, g=0.25, CVmse=0.12876

B2 ZFEAENKASHERE(CF-1 %, landsai8 OLI &)
Fig.2  Support vector machine(SVM), the optimal parameters of the tesults figure (GF — 1 left, Landsat8 OLI right)

2.3 REEELLER

H 3¢ 4 AL #E 2 on St mE AR v B GF
— 1 [EAE R e REUCKTF Landsat8 OLIL [ I 45 7Y
FIYE 2B, GF — 1 BRI R 4 0.6856, RMSE
7 0.2641, Landsat8 OLI [ IS AL R* 24 0. 5142,
RMSE 4 0.3283, 1fif HFE F LR & 6igE 5R H £ 7T
[l R A ik B - 38 5 R v (A RN B o T3 TR —
JEiEHE BOR F 22 70 [l AR U A A 4 9 1 6 1 g A AR
R R 5 R M /N — T Il AR 2R BT 2 A JR) 32
RO BT —HATIE AL, GF - 1 AP 1.2.3 4
TR E) Ak B 4 R AT Hoe i REBARTE 0.57
DAL, Landsat8 OLI 545 2.3 4 A~ 32 B2 $ i i 5
R H kg RECWARTE 0.54 Db 5 im S Hm)
AR SEA T AG 55, 5 3 Bl 8, Al 5T GF - 1 2%
R 1 & RBF, R* 4 0.7969, Landsat8 OLI 4%
B 2 Polynomial, R? M 0.7154, 92450 , =
BORUAL A 3 S Eh B b GF - 1 25T Landsat8 OLI
FEE o Ead oA 3 RS RY B He o R AN, 15 31 S HFm)
ML R GF - 1 42 [ 5 s BRI R? fi )
5] 0.7969, RMSE & 0. 2197, il 80850 5 e 4155 10
Landsat8 OLI 5214 Y 5 [ s AL iR 20 20 pR i 7 |, R?
ik # 0.7154, RMSE 4 0.2513, 7 SCAE 857 45
BICIEFR RS 3 A b m A OC R, i 4 Sk £
P2 FEE KRN TR S LR
AN LR ER T G R L5 5 8, SO o
UL LR A ISR 5 S L & 3 i Z M C R X
FEAE BB RAS 5, X6} SRy AR AL, Ryl b L AR R 4 1t
FIFEATALBR , LG T2 Ry BRI LA 2206 KUK fe /M
JIU Ry 254 Bt A 25 5 IS HR RS IR 2

] AR AEA T, B LS i L S 2750
TR T ORI B2 L 2 e A 1A 5
TR/ e [ U P A AR TR B

3 30w

F RGO 18 BOsEA 7 358 A s 9 2 A —
TE B (E0 T8 1 B0 B R SRAE BRI AR ), i
FHE— RO IR BARME S BER AL RS O . A
SRR ROM 22 i AR R 3 () s 95 1 398 48 351 10 3% 7 4
% ZAAREDURI Z AR BUR IR BL 1 E.
T3t MO R RS &, AT DLBC B I 3 R i
Ao RS2 R i e/ T R R 1 D T
RO AT ER LT, A i e/ — i m] ALY
PRI AR TS B AVFFER R 1580
1 Landsat8 £ 1H— PRSP AL #EA T 0F 9T, il 5
JRBERIRIE AT S CTEAR BOHA T 1 , % AU i O 1
B bR SR 43, A = RIS 43 5 0 A1 B
TR, A5 2 S RF 1 AL ABC ALY R 35 0.7 A2
Ak AR T 2 etk B H R e/ —3fe el
VS RE - R AN R . R A A A /N
XFERBEIREL R 155 0.66, 3% B THEBOGIEHE £
A8 R A AN, E B bR T 15
LN PN R o JEE B, 2 AR A, AR AE N
S5 AEAEAS R N R By RARER AR A B, A
7125 ( Phragimites australis ) 3¢ 56 3 ( Allhagi sparisifoli-
a) JEAESE ( Karelina caspica )55 , TER4 15 RN EL T
Mg, H HAG 8RB A 1 LSS5 0 A, 75 ) 1 S ) )
TR, T ASHEH N AR B /D, AR Ak L™
HAH X AR, 2 5 R TR 73 o
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Table 4 Model accuracy comparison
(] 42 7Y GF -1 Landsat8 OLI
Regression model R RMSE R RMSE
ES M| Multiple regression M Linear 0.6800 0.2641 21 Linear 0.5142 0.3283
e AN
L }:Jﬂiﬁ’ 0.5798 0.3413 2 : EE‘Z}} 0.5421 0.3187
One of principal components I'wo of principal components
2o | AN ANE R
%H?/J\ﬁgéﬁlﬂ . 271 }:Jﬁﬁ 0.6104 0.3286 3 fﬁiﬁ . 0.5465 0.3171
Partial least-squares regression Two of principal components Three of principal components
A N
31 }:EM} . 0.5992 0.3333 il fﬁiﬁ . 0.5490 0.3163
Three of principal components Four of principal components
e T ] HEAZ PR AL RBEF 0.7969 0.2197 R HEAZPRE RBF 0.6845 0.2645
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