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Abstract: Saturated hydraulic conductivity is a significant soil hydraulic parameter, which plays an important role in the research of
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seepage and solute transport. Pdeo-Transfer Functions (PTFs) can indirectly predict this parameter instead of large-scale
sampling and indoor and outdoor tests. However, due to the spatial variability of soils and the limitations of methods, previous
predictions of PTFs are not accurate enough. This study takes different soil layers in the vadose zone of Yanlou Township,
Lankao County, the lower reaches of the Yellow River as the research object. Based on 64 borehole data, nine basic
physicochemical properties such as soil particle size distribution (clay, silt and sand content), soil structure fractal dimension,
dry bulk density, total porosity, pH value, organic matter and electrical conductivity are considered as the influencing factors
of the PTFs. Based on Stepwise Regression, Principal Component Regression and Principal Component Analysis-
Geographically Weighted Regression (PCA-GWR), the saturated hydraulic conductivity of different soil layers is regressed
separately. After comparison of precision, Geographically Weighted Regression Kriging is carried out for saturated hydraulic
conductivity based on PCA-GWR. The results reveal that the prediction accuracy of PCA-GWR method has significant
advantages except for the surface silt. The difference of the distribution of saturated hydraulic conductivity and PTFs in different
soil layers shows that, due to the rapid and changeable sedimentation process in the lower reaches of the Yellow River, the
breach and diversion of the Yellow River and human activities, the phase change of soil layer in the vadose zone is intense,
and the saturated hydraulic conductivity also has obvious non-stationary characteristics in the plane. The local geological
process and human activities are the deep reasons for the poor regression Kriging estimation results of the second layer of silt.

Key words: vadose zone; saturated hydraulic conductivity; pedo - transfer functions; geographically weighted regression;

geostatistics; regression Kriging; hydrogeology; environmental geology.
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Fig.2 Contour map, three-dimensional diagram and profile of vadose zone floor in the study area
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Fig.3 Histogram of sampling point distribution and representative borehole profile in the study area
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Lithology, thickness and sampling of soil layers
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Table 1
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JEJE(m) (m) W (m)
xZ WL 45 0.30 0.15 0.15
FE OBEFEHL 19 0.30 0.15 0.15
IR Mt 41 2.25 1.27~1.60 1.42
W2 MEELE 64 0.59 0.51~2.90 1.84
Lz m 64 1.79 1.24~4.04 2.78
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Table 3 Classical statistical characteristics of saturated hydraulic conductivity and physicochemical properties of soils in different

topsoil layers

b AL K R Bk ki g iniA Jr‘ﬁi fLEE  pH  HHUR LR
K.(m/d) (%) (%) (%) A4 (kN/m*) (%) 1H (g/kg) (pus/m)

e /ME 0.016 2 0.00 16.34 0.03  1.436 12.06 3447  7.84 1.09 19.37

2 e KA 1.930 8 4.58 98.65  83.66  2.246 16.44 50.12  9.51 31.20 1141.20
(B +) ¥E 0.458 9 0.59 76.40  22.99  1.923 13.85 42,02 8.65 8.96 432.06
R AR 1.0244 2.1107 0.2833 0.9611 0.1092  0.0679  0.0939 0.0418 0.6200  0.6151

He/ME 0.001 1 0.00 1.33 0.00  1.229 12.80 38.16  8.01 2.16 102.25

) 5 KA 0.587 2 91.28 93.22 0.60  2.470 16.06 53.24  9.20 27.80 824.85
(BmFit) 0.129 5 39.80 54.98  0.0337  2.328 14.57 45.53 8.48 14.14 495.41
ASEER 1.2730 0.653 3 04928 4.0804 0.1164  0.0621  0.7448 0.0351 0.4839 04172

Be/ME 0.007 2 0.00 18.80 0.00  1.500 12.01 39.01 8.10 1.02 8.67

)2 R RAH 1.575 1 27.03 99.81  81.20  2.258 15.55 67.00  9.70 6.86 242.03
(¥ +) WM 04325 1.17 69.85  28.99  1.802 13.71 46.39  8.74 3.05 137.17
AR 09153 3.8205 0.3593 0.8962 0.112  0.0642  0.1067 0.0366 0.4984  0.5077

e/ME 0.005 8 0.00 17.54 0.00  1.513 12.06 36.09  7.90 1.21 32.76

=R S ON ] 0.930 8 82.46 99.95  79.61  2.458 15.84 64.58  9.70 23.30 179.25
(BBFit) 0.210 5 19.71 74.14 6.83 2.210 13.69 48.18 8.58 6.51 104.74
A ZE 0.887 8 1.081 2 0.2920 24729 0.117  0.0620  0.1042 0.0385 0.6728  0.4158

/M 0.1237 0.08 0.05 21.51  1.046 13.26 32.30  8.40 0.57 78.77

A= PN ! 1.989 5 3.44 77.32  99.95  1.608 15.36 50.06  9.40 13.50 477.41
(ki) Y18 0.9528 1.40 16.01  16.16  0.145 0.54 2.59 0.24 1.98 117.92
RERE 04730 0.897 4 1.4935 0.1809 0.105  0.0371  0.0587 0.0270 1.0102  0.4621
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Table 4 Stepwise regression equation and accuracy evaluation
+J= B [ 7 RMSE R
KE B 30142 5.:143 4 ~ ~2 10 ~3
) K,=6.759-0.162silt+2.06 X 10 “silt/—1.199 X 10 "silt’-0.371pH+3.664 X 10 "EC-4.673EC"+9.760X 10 "EC* 0.3207  0.524
?%E 3 6 9 3
K ~=-0.586+3.186/OM+3.210X 10 "EC-6.182X 10 * EC+3.193X 10" EC 0.1159  0.880
Ok B 1)
)R 3 4 2 = 6 3 1 2 2 3 3
) K.=1.12-6.93X 10 "sand+5.48 X 10 "sand"~5.01 X 10 "sand”~3.89 X 10 'OM+5.70 X 10 “"OM"-2.39X 10 "'OM" 0.2785  0.604
oy K, =3.4049.75X10 *sand+4.15X 10 *sand*-4.06 X 10 sand’® 4 1.25 X 10 />4 2155/ - 00088 0721
(B EFi+) 9.52> 10 'pH+5.93 X 10 *pH* ’ ’
U= (-1.489D) 1 2 2
K=1.29+6.67e ""-2.28X10 BD+1.60X10 “BD" 0.3129  0.511
OBy b))

1 selay( %) ,silt( %) ,sand( %) ,D(-) ,BD(kN/m*) ,n( %) ,pH{E (-) ,OM(g/kg) ,EC(ps/m) , K (m/d).

£S5 FARLEERFTRER

Table 5 Principal component expression of different soil layers

+J=

ESL DR e Sue,

K2
()

F,=0.260x,+0.4132,-0.4202,+0.4532,+0.2682,-0.22024-0.2862, +0.3622,-0.21 7,
F,=0.006,+0.3242,-0.3172,+0.1622,-0.5502 +0.6002,-0.0492,-0.0202,+0.321,
F,=0.5382,+0.1172,-0.1472,+0.1382,40.1362,-0.0252,+0.6522,-0.4602,-+0.009z,
F,=0.3192,-0.1262, 1 0.1042,+0.0042, - 0.1102,-0.2382,-0.0862, - 0.249, 1 0.85612,
F.=0.6687,-0.3652, 1 0.3182;+0.0982,-0.2572, 1+ 0.2372,-0.294x;, +0.1052,-0.302x,

KR
(ki 1)

F,=0.0902,+0.3552,-0.5332;+0.5032, +0.0462,+0.0562,-0.04 12, 0.3452,+0.1022,
F,=0.6202,-0.4622,-0.1522,+0.2342,+0.4762,-0.1252,+0.1712,-0.0202,-0.229x,
F,=0.2942,-0.1772,-0.124x2,+0.1892,~0.464x, +0.6762,+0.1472,-0.290x, +0.230,
F,=0.1572,-0.2547,+0.1272,-0.0892,-0.0162,-0.23 12,4+ 0.017,+0.360x, +0.838x,

Py
Ckr+)

F,=0.190z,+0.4907,-0.5062;+0.4792,-0.06 22, +0.0802,-0.2347,+0.4152,+0.0232,
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Table 6 Principal component regression equation and its accuracy evaluation
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Table 7 Accuracy comparison of three regression methods
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Fig.5 GWR-EBK interpolation of saturated hydraulic conductivity in different soil layers
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