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Application of geographically weighted regression on
the spatial prediction of soil pH

WANG Ku
(Department of Geographical Science, Minjiang University, Fuzhou 350108, China)

Abstract: Soil pH is of great importance for nutrient form and validity. It varies greatly from space to space for the
impact of environmental factors on. Hence, precisely knowing the distribution of soil pH is significant to effectively
utilizing soil, fertilizing reasonably, and precision agriculture. By comparison with ordinary least square(OLS),
geographically weighted regression(GWR) was proposed by the paper for analyzing the distribution of soil pH at regional
scale. The purpose was to know the prediction accuracy of GWR approach and its feasibility in predicting other soil
properties. Soil pH was firstly tested using the collected soil samples at field, then the environmental factors, which were
easily acquired and had close relation to soil pH, were taken into account for establishing regression function with soil pH.
These factors were elevation, slope, NDVI, iron oxide index, the nearest distance from samples to river, and soil erosion
intensity. After tested by multi-collinearity and stepwise regression among factors, the sieved factors were employed for
GWR analysis. The performances of GWR and OLS were estimated and discussed by using mean error, root mean square
error, correlation coefficient (R%) between the predicted soil pH and observed pH at validation sites. The results show that
the estimation accuracy by GWR has been greatly improved than that of by OLS. It can significantly lower A/C, largely
improve coefficient of determination(4dj—R*) and decrease residuals sum of squares(RSS). The map interpolated by
GWR was satisfactory in the appearance of continuous surface and gradual transition. It is concluded that GWR, by
incorporating environmental factors and sample sites, is a promising method in predicting and mapping the spatial
distribution of soil properties with great variations in space.
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Table1l Correlation analysis between environmental factors and soil pH

pH Elev SEI IRON NDVI Slope DIST
pH 1 0.274** 0.401** 0.395%* -0.209* -0.039 0.04
Elev 1 -0.101 —0.298** 0.175 0.252%* 0.507**
SEI 1 0.376%* —.395%%* —263%* -0.125
IRON 1 —.203* —.502%%* —0.224*
NDVI 1 0.082 0.046
Slope 1 0.303**
DIST 1

“oHEk== 0.01 ( ) “exz 0.05 ( )
1 Elev  IRON pH [19]
DIST SEI IRON NDVI  Slope ( 2

*2 FIA 6 MIMERETFX pH EHITESLMEETRIER

Table 2 Analysis results of the stepwise linear regression between soil pH and six environmental factors

R F
1 SEI 0.161 0.152 0.089 18.0 0.000
2 SEI Elev 0.261 0.245 0.084 12.59 0.001
3 SEI Elev IRON 0.396 0.377 0.076 20.68 0.000
4 SEI Elev IRON Slope 0.422 0.397 0.075 4.03 0.048
(variance GWR pH
inflation factor VIF) [20] 4 AIC
VIF 1.115~1.525 7.5 ( AIC )
GWR AIC OLS GWR
OLS GWR 2 4 OLS
4 (0.397) (GWR
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Table 3 Related regression parameters for soil pH using

OLS and GWR respectively

AIC
OLS 2185 0.4221 0.3966 0.5924
GWR -261.3 0.6970 0.6464 0.2726

A (km)
El 2 43 OLS k(L)% GWR A (A)EIER M LIE pH =@ 2%

Fig.2 Spatial distribution map of soil pH regressed by OLS (left) and GWR (right)
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Table4 Related parameters for comparing the performances of OLS and GWR
OLS —0.1987 0.1271 —0.0029 0.0742 0.289
GWR -0.1357 0.0954 -0.0116 0.0496 0.691
2
ME 0 RMSE
[21] 4 GWR OLS GWR
OLS ME OLS
0 OLS 0.289 GWR

GWR RMSE  OLS GWR 0.691 GWR
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