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Fig. 1 Location of sampling areas and distribution of soil sampling points
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Table 1 Soil spectral indices

i EEL Y 225 Wk
Spectral indices Formulas References
I — LA 2 (NIR-R) / (NIR+R) [18]
Normalized difference vegetation index ( NDVI )
I AR R AR (NIR-R) / (NIR+R+L) x (1+L) [20]
Soil adjusted vegetation index ( SAVI)
H—AkEh 746 4K (R-NIR) / (R+NIR) [15]
Normalized differential salinity index ( NDSI )
£5/3 45 % Salinity index (SI-T) (R-NIR) x 100
ZLEFEHL Brightness index ( BI) VR + NIR
£h43y 6 $Salinity index (SI) VB xR [8]
/35 %01 Salinity index 1 ( SI1) VOXER [10]
Eh/r 46852 Salinity index 2 (SI2) VG xR+ NIRE
Eh /8 %3 Salinity index 3 (SI3) VT 1 R
8B Salinity index (S1) BI/R [20]
84y 8 #kSalinity index (S2) (B-R)/ (B+R)
h/r 4844 Salinity index (S3) (GxR)IB
#5345 % Salinity index (S5) (BxR)IG
£h/r 15 % Salinity index (S6) (R x NIR) /G
% B 5 B Intensity index 1 (Tntl) (G+R) /2 [19]

3 5 ¥ Intensity index 2 (Int2)
B Bandl (B1)
W BL2 Band2 (B2)
P B3 Band3 (B3)

% Bt4 Band4 (B4)

(G+R+NIR) /2
B (0.45~0.52) pm
G (0.52~0.59) pm
R (0.63~0.69) pm

NIR (0.77 ~0.89 ) pm

e B: WEG; G: SREBL R ZD0EBE; NIR: ELSMEE; L HHORWHER, W,

— % H20.5 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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1.6 HEEET 501

A 2R HIPLSRAR AL, S A A 1) v, 2 30 5 0 3%
FEBE RS A, S R O TR
PLSREEAS i 4 5 ST v, 52 56 ]I H] /N (9 T
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JEOU) e S N i S AR AR . A SR
¥} The Unscrambler X 10.33EH24 A 54 520
HE SR AR AL, R 12N AR AT IR, BJE R
FUeE 28 (coefficient of determination, R?) #1
YR iRZ (root mean square error, RMSE ) J5L
PRATAEE TR ERUR, RIK, RMSEBVL, K

JEE AR, DRSS TRUARE DL 0 4 SR b T SR B 0

(5]
=
=

2.1 HIEBSEXRSXIERHZEREXME
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FH GPSE 7 I 2 26 BE Al b, S SRR AR 1ok
T BT A8 0] A —— X, DK ] v i B s
DIRE RIS E, A MR CE LR 2, 53k
B R 5 R R R B (SAVD) L H—1k
% (NDVI) | H—1{kih /455 (NDSI) |
e E (S1) . #hardEE (S11) | ERAr4EE
(S5) . B3 (B3) . B4 (B4) A
K, HAHSCHEHTEOOLK P M B 3, X2k
Bomim + AR w1 RE B s MR Ar R ST .
S2HIGREAE R (Int2) 5 FRMCHEAREZE, Xt
- HE AR Ak A T A T B 2 o PR i) o A 4
PR (SAVI) | B (B3) A48 %L
(S5) HEAFGIEFEEOT b, 25 R uE 20K .

i 3 B2 0] AT S AV IREAG 4B Bl A0 S50 R A i
s BRI PG 2 B R 2 W X 4y, X 5 SA VI SEi
T B R 56 HLURE DG B e I S5 SR ARSI, (R
X F Al A5 B TR BN, QX Fh Ak Y
HEFRBE 2, XJEF ASAVIN AP N & K
BAK, TS, B3UEBIX R TL A E A
FIR MR ELAT, ARJE 20 T — ey, fHifH—2k
AR AR A AR SR M R s, W BRI X
YA R MR 58S s Fak b B Ak i R AR B
8, (EE X B A SRR A RN, M
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RAr. S5aCAMIE, LA B S48 hn 3[R 0
F R A A A AF 5T 0T DABRAS — 2 i T
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Table 2 Correlation coefficient between electrical conductivity and spectral indices

SAVI NDVI NDSI SI-T BI SI SI SI2 SI3 S1
-0.580" -0.576" 0.576" 0.573" -0.443" 0.517" 0.503" -0.342" 0.499™ -0.311
S2 S3 S5 S6 Intl Int2 Bl B2 B3 B4
-0.296 0.493" 0.550" -0.451" 0.465" -0.056 0.4817 0.442" 0.532" -0.522"

F o FRIRTLE0.01 KM B3, *FRTE0.05/KF B 3# Note: ** indicates very significant at 0.01 levels; * indicates significant at

0.05 levels
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Fig. 2 Effect drafts of different spectral indices
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M 3T, S5 R A B BOE R EOE
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B, RIS e R A A 25 . H
W, S6 T R R, Xk 5 AL AR 0 BE D A
i, NDVIFINDSIFT di AE R Z , 1 A] WO I Be A
PLZLAMNIEBE (0.77 ~0.89 ) um#E PLSRAE A i fif [
A fe R s, T - SRR Ak R RE ) B 2E . SI-T
TEEVEOY U B P ACE R /N, STEEXTEUE 2L
PR S I, B [R]DG  F8 BOFE AN 7] L S 38 e
FEAD e BT A VR FHORTR], X6 4 38k 35 £k %) FUI 7

WA AHIF

®3 HESRFRENXSAIERMMPLSRIREEE

Table 3 Precision of PLSR model for transformation of electrical conductivity and spectral indices

AL R IE R AR AL I IERE A KR o -
Determination ¥or iRz
Transformation of electrical Number of samples for Number of samples for
coefficient of modeling RMSE
conductivity modeling validation N
samples (R*)
S A R 24 12 0.47 4.16
Measured EC (R )
S LR B R 24 12 0.69 0.58
Reciprocal of measured EC ( 1/R)
RIS = 083 24 12 0.64 0.36
Logarithm of measured EC (IgR )
S L ARG TR 24 12 0.56 0.82
Square root of measured EC (/R )
S e 2% X B 151 B 24 12 0.25 2.04
Reciprocal of logarithm of measured
EC (1/lgR)
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Fig. 5 Scatter plot of measured and predicted electrical

conductivities
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Extraction and Modeling of Regional Soil Salinization Based on Data
from GF-1 Satellite
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LI Huan' *
(1 College of Resources and Environment Sciences, Xinjiang University, Urumqi 830046, China )
(2 Key Laboratory of Oasis Ecosystem of Ministry of Education, Xinjiang University, Urumgqi 830046, China )

(3 Faculty of Mathematics and Geography, Catholic University of Eichstaett-Ingolstadt, Eichstaett 85071, Germany )

Abstract [ Objective] Soil salinization, being one of the main causes of land degradation in arid
and semi-arid regions, poses a great threat to sustainable development of the local social economy and
ecological system. [Method] How to extract the information of spatial distribution of soil salinization is
the foundation for management of soil salinization. Therefore, the Weigan-Kuqa Oasis, an area rather
fragile in ecology, was selected as an object in this study, using the GF-1 satellite multispectral images of
the date of July 19, 2014 as the main data source. A total of 16 spectral indices i.e. Normalized difference
vegetation index (NDVI) , soil adjusted vegetation index (SAVI) , normalized differential salinity index

(NDSI) , salinity index ( SI-T ) , brightness index ( BI ) , salinity index ( SI) , salinity index 1
(Ss11) , salinity index 2 (SI2) , salinity index 3 (SI3) , salinity index (Ss1) , salinity index (s2),
salinity index (83) , salinity index (S5) , salinity index (S6) , intensity index 1 (Intl) , intensity
index 2 (Int2) , and four bands, i.e. band 1 (B1) , band 2 (B2) , band 3 (B3 ) and band 4 (B4 ) ,
were chosen for analysis. The images in pretreatment were computed by band in line with the spectral index
formulas with the aid of software ENVI4.8. Hence, gray scale maps of different spectral indices were derived
and pixel values of the 36 sampling points corresponding to the gray scale maps were extracted. The data
of electrical conductivities in the surface soil layers (0~ 10 e¢m ) of those sampling sites during 22 ~ 28
July 2014 were also collected for analysis of Pearson correlation with the pixel values using software SPSS
19.0. Thus sensitivities of different spectral indices to the data of soil salinization were figured out. PLSR
models were built and validated for relationships of the mathematical formulas for five different electrical
conductivities (i.e. measured conductivity, reciprocal of measured conductivity, logarithm of measured
conductivity, MSR of measured conductivity and reciprocal of the logarithm of measured conductivity ) with
spectral indices. Measured conductivities of 24 samples were used for modeling and the remaining 12 samples
for validation with the aid of the Unscrambler X10.3 software. [Result] Results show: 1) the measured
surface soil conductivities are closely related to spectral indices, and moderately to SAVI, NDVI, NDSI,
SI, SI1, S5, B3 and B4, with all correlations being significant at the 0.01 level; 2 ) based on the GF-1
satellite images PLSR was used for modeling of surface soil salinization in the Weigan-Kuqa Oasis. The model
based on reciprocal of electrical conductivity is better than all the others with R’=0.69 and RMSE=0.58 dS m™".
For the validation model R* is 0.78 and RMSE 0.53 dS m™'. In the images of satellite vertical projection
salinized and non salinized patches in the land cover can be clearly distiquished from each other, with litile
confusing or mistaking information. Characteristic texture of salinization relative to degree is distinct,
showing a clear layered structure, easy to distinquish and making the visual interpretation of the images more

consistent with the actual degree of soil salinization. Consequently the effect of information extraction of soil
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i)

salinization is quite good and high in precision; 3 ) this study made full use of the information contained in
GF-1 images, thus improving precision of the extraction of soil salinization information from GF-1 images.
Non-salinized soil and slightly salinized soil in the oasis accounts for 42.88% and 17.16%, respectively, of
total in area. Soil salinization is quite mild in the middle by east and southeast of the oasis, which suggests
that the oasis may expand towards that direction in future. Moderately salinized soil, severely salinized soil
and salinized soil in the oasis accounts for 29.51%, 8.57% and 1.88%, respectively, of the total in area. The
severely salinized soil is distributed closely on the north/west and southwest of the oasis and has already posed
a serious threat to healthy development of the oasis economy and calls urgently for management. [Conclusion]

The study on use of GF-1 images to evaluate soil salinization may provide a scientific basis for prediction of
salinization in future and assessment of the current situation and for the government in decision-making for
management of soil salinization.

Key words Soil salinization; GF-1; Spectral indices; PLSR; Weigan-Kuqa oasis
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