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Abstract

The existing remote sensing monitoring of saline soil mostly relies on the thematic processing and
index inversion methods of multispectral information. However, due to the comprehensive cha-
racteristics of soil spectral response and the “same spectrum of foreign objects”, it is still difficult
to achieve objective and accurate quantitative evaluation. Therefore, a new seasonal deformation
salinization evaluation index is proposed in this paper to realize the quantitative evaluation of soil
salinization with the help of high-precision time-series deformation information. In this study, 74
Sentinel-1A images were selected from January 2018 to January 2020 in Dunhuang, Gansu Prov-
ince, and the SBAS-DinSAR method was used to obtain the temporal deformation information to
construct the seasonal deformation salinization evaluation index. Combined with existing quan-
titative evaluation methods (such as modified salinization evaluation index, salinity index and nor-
malized vegetation index), comprehensive comparative analysis was carried out. The results show
that the seasonal deformation salinization index can complete the quantitative evaluation of sul-
fate soil. Compared with the traditional multispectral method, the absolute value of correlation
coefficient between seasonal deformation salinization evaluation index and soil salinization de-
gree was the largest (R = -0.2611), and the curve fitting result was significantly better than that
of other methods (the maximum coefficient of correlation between fitting result and soil salini-
zation degree was 0.3358, while the maximum coefficient of other methods was only 0.2085).
The seasonal deformation salinization evaluation index has a unique advantage over the multis-
pectral index.
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BV .

TE] IR MK A B R AT TR, DA (R R T S - BOAFAE LI f A A M A A PR . 5 B
FUAEE ik % 5 T (Differential Interferometric Synthetic Aperture Radar, DINSAR)$: A3 T 78 75 [\ — Hi [X )
PITEELZ I SAR SR HIAHALE B, AISEILEOR L - KGO L T AR &, RALGH AR T BIA R
#hFE[4]-

EExE H AT 2 GG 8 IR LR RIRYE, ASCHET Sentinel-1A SR KR P AL, 780 FIH
L4 4R T (Small Baseline Subset, SBAS) 7 A H £ (54 ab B A% 5« AR LS URE I S AR 3%, SBlxt
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WA ERFS R, B L AL 9~12 F IR EoR i ARRIK A A a, BL 2~8 H B B
SRR A A b, BT73 b 15 a (2 — ARSI FAE AR TR RE (18

BB S GIE N A, 1A 9~12 GRS m K, 2~8 I k K, ay. by 03 i Mg

JLER ] RHITEAS &
X | AMEIefEIEEIK A M AR S AT IMBCEBR AR B m, 2158 0 Moo 1 A, 9~12 AHF
YIRS R a;:
2.3
8 =12 &)
m
XA i METUTE SRR H B AR S AT AR BR AR S k, 32156 | MBI 2~8 A I HF AR %
by:
k
2.b;
b, = 2 @
m

PE LA R BCR MR TCAL & 5 by ZENECR, E LB EBUNMGTTAL & 5 by Z BN
BUN, WX a5 bifEZE:
S = bi -8 (3)
PAL s A8 RIOAARSCHE T R 6151 - A9 215 PR T AR RFAE Ay i 2= 5 MR T AR B 5L 1F 4 7 % (Seasonal
deformation salinization index, SDSI).
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B[7]. BUETMAEFSIEN 9.6°C, AR mSEMZE 60°CLL L MKEZER THEZE, £k
KEN 38.4 mm, ZEKEIAF] 2581.7 mm [2].
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Figure 1. Schematic diagram of Dunhuang Airport and surrounding area
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Table 1. SAR satellite image data information
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Figure 2. Time series deformation diagram of Dunhuang Airport
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Figure 3. Zoning map of soil salinization degree of the site (salt content in the figure refers to so-
luble sulfate and soluble chloride salts)
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Figure 4. Accumulative settlement map near Dunhuang Airport
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4.2. ELBEEIFIEHUEET

N T ERFEASCHR B W Z= M AR SR B PP SR B AT 1, Ak B B A 2 IR RV L R 5 L R
B AL 775 2 L.

FI A B BOG RER M 3% 5 Eh B i 7 X B PR [12]. 58 —Fh R EAE 1 7 o ST IR (R B 7 o 2
/T 159%) B ER B M E AR L X, R R R LA B BO G BN B BRI E R, RS g
YT ORER, B ERIUL A Eh R . X R E . o FR S (Salinity Index, SI) [13], A—4kEhorfE%L
(Normalized Difference Salinity Index, NDSI) [14]%, %} T-& th&E (5 B ABUR. 5 23 T ihmifb 1
B L 6 7 R T 1 AL T 5 e B R P AR B, TRTb H IR PR 20 563pk B S S 2 189 I AR 2 41 gk B
ST F ARG, AT R PR e 0 (R e B - g e (0 2R S . 0 S AR FR IR 0 — (e R A 4R 2
(Normalized Difference Vegetation Index, NDVI) [15], #4544 # 45 4 (Enhanced Vegetation Index, EVI)
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[16], 385 1w 45 %k (Soil-Adjusted Vegetation Index, SAVI) [17], | X #i45 % (Generalized Difference
Vegetation Index, GDVI) [18], & JZ M & £h & 45 £ (Canopy Response Salinity Index, CRSI) [19], KA FH$T
FE % 45 £ (Atmospherically Resistant Vegetation Index, ARVI) [20], BEA 6 HEm M F6%(Combined Spectral
Response Index, COSRI) [21], 4 J& ()38 55 1Y #8434 16 2 (Extented Enhanced Vegetation Index, EEVI) [22]4 .
Fribz 4h, A 2R eR G5 B R RS BN RN, w2 Er S5 FEE (Modified  Sali-
nization Detection Index, MSDI) [2]. #hi5ifk.i 2 5 I 45 %k (Salinization Detection Index, SDI) [23]%5.

ZEA UL, JEE 3 NS SxtLhaess, Hod ST AR B B A5 D 1 IX 3k, NDWVI T [ A B 7 55 2 1)
XI#k, MSDI Z&4 Sl 5 NDVI KR s LI bR g, TR & 2:

Table 2. Spectral index
% 2. KRR

S5 At SR
SI (Fh4 %0 sqrt(b, xb,) [13]
NDVI (4L R 15 %0) (b, —b,)/(b; +b,) [15]

sart (b, ~b,)/(0, +b,) ~1)
+((b, ~b,)/(b, +b,) x (b, =b,)/(b, +b,))’
VE: bpy b by bg 3 INWE LS 2 FUAG RO . &% 20 LA DU B SO

MSDI (& IEF) EE BT PR 15 5K)

4.3. YIRS ERZE

43.1. HXTH
AHZK 73 M1 (correlation analysis) & Bl FU I R 2 18] & S AFAE MR AE R, FHRT A RAE R RIDBLG A
ﬁﬁ*ﬁ?%jﬂj DA S AR SRR BE ) — M Ge it 77 K [24] o A SON: FHAH 5G40 A 7 5 AR 98 LI Eh it v Fa 8 5
ERBAE L B SRR

43.2. phEEIYA5 R

AR mﬁﬁ Fed. f HLHAE 5 R E] R (3 3) b IR ER LR 5 R IR ke R .
4 B AU BB I R 2 MR 56 (Sig. < 0.05) IRl RE A, FE5| FH ke R%k R® FIE 5% 2 (root mean
square error, RMSE)V?%‘TH i LR AR TR T 398 #h 43 I PL A RS B o

Table 3. Regression model and formula

3. EAREREAN

[l A a3
Gaussian (737 & *exp(c ~((x=b)/e, ) )
Exponential (15%1) axexp(b*x)+cxexp(d*x)
Fourier (ff32n) a, +a, *Cos(X* W) +b, *sin(x*w)
Polynomial (£ Ii5() a*xX’+a,*x*+a,*x+a,
Smoothing Spline ((F-1# £ 2%) HIFIE S5 p 1HE R 2 B 2 Tk
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Table 4. Classification of salinization degree
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Figure 5. Correlation coeffluent diagram between soil salinization degree and salinization evaluation index
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N T ARTUA A S B ERR BE VAN 45 KO0 3855 2R 5 10 b 2 0L 65 45 RN DL R P 5 S o a5 s By T
AT, R MATLAB #4128 A AR AL 1 7 X -3 Sh 5k PPN F 505 8 3R oAb AR B 2 1ml f)
RER, EHEARFRIRES LIRS RNA R INE 5 .

Table 5. Results of curve fitting between salinization evaluation index and salinization degree of whole sample soil

F 5. HIFWITMERSEHATRRFUIZE C ERHLIEER

SDSI sl NDVI MSDI

R R? RMSE R? RMSE R? RMSE R? RMSE

T 9T BR 0.1348 0.0075 0.1234 1.8973 0.1109 0.1492 0.2085 0.1408
FERER 0.2809  0.0078  0.1234 1.8973 0.2074  0.1409  0.2085  0.1408
e B 5 4 0.3358  0.0066  0.1234 1.8973 0.2085  0.1408  0.2085  0.1408
EAVE WL 0.3358  0.0066  0.1234 1.8973 0.2085  0.1408  0.2085  0.1408

SEHERE R R 0.3097 0.0067 0.1218 1.8991 0.1978 0.1417 0.1978 0.1417
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38 R T AP EE (A R R R i (= 0 22 T X b BSOS T A FRL P R B 7EY, R? = 0.3358), SI A A AR I
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Figure 6. Scatter diagram of the fitting relationship between predicted value and real value of each salinization evaluation
index
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T B EMAI T SRR LB BRI R, AR SER 45 AR B S e A E A R S A
BX B INEWE 7 . BhERE, BT 2@ KTEE(NDVI. MSD. SI)EE 2 (1) 2 X4 X (1)
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Figure 7. Each index superposes the real salinization block map
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Figure 8. Fitting result diagram of SDSI with cubic polynomial function of soil salinity
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