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Monitoring spatial variability of soil salinity in dry and wet seasons in the North

Tarim Basin using remote sensing and electromagnetic induction instruments
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College of Resource and Environmental Science, Key Laboratory of Oasis Ecology of Education Ministry, Xinjiang University, Urumgi 830046, China

Abstract: Soil salinization is one of the most critical eco-environmental problems in arid and semiarid regions, which
constrains vegetation growth and, therefore, exerts crop yield and agricultural production. Integrated satellite remote sensing
and near sensing technology based on electromagnetic induction instruments is an advanced method for monitoring and
forecasting soil salinization. In this contribution, remote sensing and electromagnetic induction EM38 and its mobile sensing
system are used to evaluate soil salinity at the delta oasis between the Weigan River and the Kuga River in the north rim of
the Tarim basin. Spatio-temporal variation of soil salinity in response to dry and wet seasons is analyzed by using GIS and
geo-spatial statistics. Spatial variability of soil salinity is analyzed by Universal Kriging, Spectral Index Regression and

Regression-Universal Kriging. Our results show that apparent soil electrical conductivity ( EC,,;) is significantly correlated
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with salinity, therefore, EC,; can be used as a surrogate for salt content. The correlation coefficient between apparent
electrical conductivity (EM38) and EC,; is significance at P<0.01, indicates EC,, can be estimated with multiple
regression equation using EM, and EM,; as independent variables. Soil electrical conductivity in dry and wet seasons in the
study region shows strong spatial autocorrelation. Considering the scale dependency of spatial variation, the nested spherical
models are fitted for semi-variance of top soil (0—10cm). Regression-Universal Kriging is identified as the best method in
terms of the accuracy of predicting spatial variability of soil salinity. We conclude that this study may provide a theoretical

reference for rapid and accurate assessment of soil salinity and prevention of soil re-salinization.

Key Words: remote sensing; EM38; soil salinization; dry and wet seasons; the delta oasis of Weigan-Kuqa watershed ;

spatial variability
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sampling points

M, T Landsat-TM 3B JEG2AZ 0 HER ) K /NR 30mx30m , I FF EM38 il 5 B C 975 FE 1% 22 A 3 Omx
30m , A PR UEI 4 BR T B HL SR (T B B, A —
AN BA T — A S B B 55 49 A, B — N0 A5 TA] B

Sm, B— A FRIT A 49 A RS0 5 2 A
YA, RAEBLIZIRE 2 P Sk B R i T
2.2 AT XS H T R A A AR R
fF EM38 I 4t 45 9 , X A4~ & BT kAT R 2
(0—10cm) HHERESLHREE . N T REAICR AR R BEDLYE
FERE—I BT A B 5 A SRBE S, FE S AL
R 2)  HB0S ASRSAEAE R —A i BT i 3R
FER B, KR AR A H IR AR 2 5 0 T 4% 47
IS5 2 [ AR, K KT S SRR S S 5, A 0.5mm B SRS @ EMISHURRAC
AR I F AT 08 , ) S AR E TR 25°C e, 4% R 1=K
Fb 1:5 B4 Le BB BOR AR, (8 1m0 2 3 SR EC, Al
FHES AR M U kS B R IR AR 2R R AT

2 EM38 MIE B TiRIEREE

Fig.2 The measurement points at a site
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Table 1 Correlation coefficients between spectral indices and electromagnetic apparent conductivity values

Mk KR R2(04-15) P(04-15) R*(09-22) P(09-22)
Spectral indices Formula
S SI = /pTMT X pTH3 0.349 0.000 0315 0.000
TM3 — pTM4
NDSI[22] NDSI = 2222 PR 0.282 0.000 0.343 0.000
pTM3 + pTM4
BRI BI = /pTM22 + pTM3? 0.338 0.000 0.389 0.000
pTM4 — pTM3
NDVI NDVI = 22T TP 0.282 0.000 0.343 0.000
oTH4 + pTM3
DVII2# DVI = pTM4 — pTM3 0.318 0.000 0.391 0.000

SI. a4k Salinity Index ; NDSI; JH—1k L2345 %% Normalized Differential Salinity Index ;BI: LR Brightness Index ; NDVI. H—A{b Atk 15
# Normalized Differential Vegetation Index; DVI. Z2H A B FE S Difference Vegetation Index
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Fig.4 Relationship between soil salinity and soil electrical in

September, 2011
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Fig.3 Relationship between soil salinity and soil electrical in

April, 2011
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Table 2 Regression and multiple regression model between EC,.; and EMy, EMy(n=68)

2 HE(0—10cm) EC,.s= aEMy+b EC,.s=AEM,, +B EC,,s =aEM, +BEM,, +y
Top soil a b R? A B R? « B ¥ R?
FZ Dry season 0.3312  -2.4076 0.6087**  0.2898  0.6418  0.636**  0.0547  0.2462  -0.3274  0.658**
1B7F Wet season 0.3038  -3.6669 0.6409"*  0.284  -0.6059  0.6629*"  0.0964 02014  -2.2189  0.68""

x % JTE P<0.01 KA 3%
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Table 3 The theory of top soil electrical conductivity and corresponding parameters

ZT7 i1 7oy i i Hede (i R/ (°) A X EVE TSN ] PesE REL
Season Theory model Co Range C Co/(Cy+C)/ % R?
T Spherical 0.09 0.104 8.48 11.8 0.359
piTE= Spherical 0.31 0.104 6.842 4.33 0.398

x RRR 10 N BT RN LR

R 3 FE 7—E 8 FoR, B 58 X TR W 2= 1 T S R A A (H 400 0.09 F100.31, FE G H 5000
8. 48 H16.842 L FEI N 0.104° , FI X2 07 22 bREGHEAT /3 AT B, — e Ay B (B AR R BEAILAZ S Al /s

SRAE [ P 7 5 T3 B (AR AR s [ AR S I S5 R PR 25, 1k 3 IR iF 58 X TR 2R 1 R )2 1
e GRS I KT RRIEE, Rl DoAE , N ERAEAE A R PR R 25 0 R B AR 5 ATL A 1 A AR
SR AR RSN T B (N3 A 2 18] A FOAE AT LUSZ e - S s 18] A AR SEPERR B . 24 LR (B
T 25%M}, KFONTRAS AIAIEM: ;4 HABAE 25%—T5% 22 18] ik D) 3¢ B kg vp 25 25 [a] A 56, 24 Ho(E KT 75%
B, DU B 55 2 T AH G, WIS X 2R A0 2 110 B 45 (R 35 5 (B %) BB 230k 11.8% 11 4.33% ,3X F8. /3 46
IR X110 39 P 5 30 114 255 ] 40 A 22 R 00 s A DG
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C0+Cl{232—;(2j }+Cz{23:2—;(:2) } 0 <h<a,
y(h) = AN (4)
c, +C, +C{2a2 2((@]} a, < h < a,
C, +C, +C, h > a,

A, b IR o) A o SR SRR S AR AL &

sa, Fl o, JE LTS S S FE A EE (8, C R GAEL
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Table 4 Semi-variogram parameters of top soil electrical conductivity and its validation
Pt/ . .
B oM REH REAE BR/C)  RAR EAE  wesg  KF EE
Residual Standard F
Season  Theory model Cy C Range C Co/ R? ..
(Co+C) /% error deviation
0
- Spherical 1 0.09 3.88 0.061
+ 2 Spherical 11 0.09 451 0.104 8.438 11.8 0.913 0.721 0.17 384.252
§ Spherical 1 0.31 2.611 0.058
M=)
7 Spherical 1l 0.31 3.021 0.104 6.842 4.33 0.901 0.757 0.231 317.972
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Table 5 Multiple regression model between spectral indices and electromagnetic apparent conductivity

IR IR B % Model
Spectral indices 2011-04-15 2011-09-22
SI EC .5 =207.2151-22.44 EC,.5=173.5681-15.627
NDSI EC .5 = 153.25NDSI+44.596 EC .5 = 102.68NDSI+48.045
BI EC,.s =130.75B1-19.136 EC,.s =95.004BI-6.871
NDVI FC s =—-153.25NDVI+44.596 EC s =—102.68NDSI+48.045
DVI EC,.s =-175.12DVI+52.493 EC,.s =-127.48DVI+69.798

T IF I8 X R AE 5 ICHR 70 Ah F 28 N - B A 4y, 25 T8 B R FH B — S5 48 450 2 57 174 v 5 R ] T A AR 1)
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