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The localized spatial relation between shallow groundwater
and soil properties in Keriya Oasis

HUANG Ling"?, WAHAP Halik**, LU Long-hui'"
(1. College of Resources and Environmental Sciences; 2. The Key Lab of Oasis Ecosystem of MOE
3. College of Tourism, Xinjiang University, Urumgqi, Xinjiang 830046, China)

Abstract . It is of great significance to reveal the spatial distribution of shallow groundwater and surface soil
properties, especially, the spatial relationship in local scale between them. Through the integrated methods of the
interpolation methods, the grid cells method, the geographical weighted regression (GWR), and ordinary least
squares (OLS), we studied the spatial distribution and relation of shallow groundwater characteristics (level and
conductivity ) and surface soil properties (water content and conductivity) in a typical arid oasis ( Keriya Oasis).
The results showed that interpolation prediction method using RBF on groundwater level and soil conductivity had
the best fit compared to other methods. Meanwhile, using IDW on groundwater conductivity and using Ordinary
Kriging method on surface soil moisture were more suitable. The OLS model was used to find the spatial relationship
between conductivity and water content of surface soil, and GWR model was used for finding the spatial relationship
between other indexes. Compared with the overall correlation (0.85) between soil conductivity and water content,
the spatial relationship in the local scale showed that the correlations were higher in western than eastern regions.
With the overall correlation ( 0. 602 ) between soil conductivity and groundwater conductivity, the spatial
relationship in the local scale appeared inconsistent results both positive and negative correlations. Compared with
the overall negative correlation between water content of soil and groundwater level, and between groundwater con-

ductivity and level, the spatial relationship in the local scale appeared positive correlation in some areas. The
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groundwater level increased from the northwestern to the southeastern, and groundwater conductivity showed low-

high-low from the southwestern to the northeastern. Meanwhile, the soil conductivity and water content illustrated

low-high-low-high trend in the area. GWR model could reflect more spatial heterogeneity than the OLS model, es-

pecially, might be opposite local relations or different level of relationship compared with the overall relationship.

Keywords ; shallow groundwater; surface soil; soil moisture content; soil electrical conductivity ; spatial rela-

tionship ; interpolation method; geographically weighted regression
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Table 1 ~ Optimal spatial interpolation methods for characteristics of shallow groundwater and surface soil
SR LR X B W B R
2 a4 {7 s J& B Primary data Data of logarithmic transformation
Optimal interpolation method Characteristics SEHRE R SEHR S I piR s
ME RMSE ME RMSE
T AR ~0.12 1.29 -0.02 0.31
Groundwater level
B Wb Tk R -0.31 4.01 -0.004 0.05
I BB B AT Groundwater EC
IDW RKZ R R
Surface soil EC -0.18 4.25 0.01 0.76
= Ak oK
%:z);j:fi% kR -0.009 0.41 0.004 0.41
Surface soil water content
AR ~0.07 1.28 -0.02 0.30
Groundwater level
R -0.16 3.94 -0.05 0.40
1210 R Groundwater EC
RBF )2 1R FR
Surface soil EC -0.08 4.24 -0.002 0.75
= - 1Ak R
%Eitﬁ KA -0.006 0.40 -0.003 0.40
Surface soil water content
o
S AR ~0.07 1.31 ~0.02 0.31
Groundwater level
bRk -0.16 3.99 -0.01 0.43
e 57 7 LA Groundwater EC
Ordinary Kriging = 1 jag x
e %%Ei/ﬁ%sﬁ% -0.009 3.67 0.006 0.67
Surface soil EC
=g Ao oK
RIZ T AR 0.0006 0.35 0.003 0.37

Surface soil water content
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Fig.2 Predicted spatial distribution for characteristics of shallow groundwater and surface soil
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Fig.3 Results of grid cell method for predicted EC
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Table 2 Pearson’s correlalion analysis for characteristics ol shallow groundwaler and surface soil

value of surface soil

Pearson’ s 24X iR KRR R K KA EEKRE KR ERSHE
Pearson’ s correlation Groundwater level Groundwater EC Surface soil water content Surface soil EC

Hi R KSR |

Groundwater level

B R ‘x

Groundwater EC ~0.474 !
= Ak

RIE LK ~0.475" * 03117 1

Surface soil water content
I LI % -0.459* " 0.602" * 0.850* * 1

Surface soil EC

T+ % RRAE 0.01 KT COUI) 1 EAHE,

Note: * * denotes the significance level of P< 0.01.
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Table 3  Comparison of GWR and OLS models accuracy

KR BHES KR

MR K HL

H K T K

JEPEBIE #imy  Surface soil water content Groundwater EC Groundwater level JE PR Groundwater depth
Characteristics Model K IE R? AlC, FEIE R2 KIE R? AlC, Characteristics 5 11" R2 AlC,
Adjust R? Adjust R* Adjust R? Adjust R?
EE TR SE  GWR 0.789 -12189.7 0.495 =7723.5 i FAKHBESFER  0.614 15224.5
Surface soil EC OLS 0.631 -9346 0.101 -4781.1 0.094 -4737  Groundwater EC  0.094 -4737

TE 25 RN R R A R (7R ™ 2 R e )  BERITE 0.05 K LI R4 W,

Note : Blank spaces mean there were no successful models due to severe multiple linearity; all models showed here are significantly at P<0.05 level.
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Fig.4 Spatial variation of regression outputs from OLS model of soil EC and soil moisture content
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Fig.5 Spatial variation of regression outputs from GWR model of soil EC and groundwater EC
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Fig.7 Spatial variation of regression outputs from GWR model of groundwater EC and groundwater level
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