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Using geographically weighted regression to explore the effects of environmental

heterogeneity on the space use by giant pandas in Qinling Mountains
XUE Ruihui'?, YU Xiaoping"?, LI Dongqun®, YE Xinping'* "

1 College of Life Sciences,Shaanxi Normal University ,Xi'an 710119, Chian

2 Research Center for UVA Remote Sensing, Shaanxi Normal University ,Xi'an 710119, Chian

3 Shaanxi Zhouzhi Laoxiancheng National Nature Reserve, Xi'an 710400, Chian

Abstract: The effects of environmental heterogeneity on the distribution of wildlife are obviously uneven over space.
Traditional approaches, such as classical linear regression model, are unable to accurately depict the spatial variations in
species-environment relationship. Geographically weighted regression (GWR) is a newly proposed spatial regression method
that shows promise in detecting spatial variability of environmental relationship through embedding spatial structure into
linear regression model. Taking giant pandas (Ailuropoda melanoleuca) in Qinling Mountains as an example, we used the
GWR method to analyze the potential relationship between the spatial distribution of giant pandas and environmental
heterogeneity. We also compared the results of GWR with those of the classical global ordinary least squares regression
(OLS). The results show that AIC, R” and adjust R” of GWR model were significantly better than those of OLS model. Local
regression coefficients of GWR model can reveal the complex spatial relationship between the spatial distribution of giant

pandas and environmental variables, and provide more effective theoretical support for the scientific protection of species.
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Therefore, the GWR is an effective tool for exploring the spatial heterogeneity of species-environment relationship, which

would have a wide application prospect in the research of species habitat selection and utilization.
Key Words: geographically weighted regression; spatial heterogeneity ; landscape pattern; giant panda; Qinling Mountains
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Fig.1 Map of the study area with DEM and panda distribution records ( red points)
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Table 1 The environmental factors and variables used in the analysis of this research
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Table 2 Parameter estimation and test results of the OLS model

A5 i MYEES 4 FrifiR t Gt P k- 2EER
Variable Coef. SE t-stat. Variance inflation factor( VIF)
YR Slope -0.025 0.058 -0.441 0.660 1.019

54K Digital elevation model (DEM ) 0.146 0.083 1.749 0.081* 2.114

B B9 RS A BE B Resident-distance 0.118 0.078 1.516 0.131 1.852

1 B3 T8 Y I S Road-distance 0.129 0.066 1.955 0.052* 1.318

A& BB AN Cropland-CA -0.112 0.080 1.408 0.160 1.924

A M BEH R Forest-CA 0.371 0.162 2.295 0.023** 6.948
HERCHBEHR A Grassland-CA 0.246 0.116 2.120 0.035** 4.112
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Fig.2 OLS model influence factor regression coefficient
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Fig.3 GWR model influence factor regression coefficient
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Table 3 Parameter estimation and test results of the GWR model

A5k He/ME BRAE BN LR 7 AR LN A e
Variable Min Max Lwr Quartile Median Upr Quartile
Wi Slope -0.241 0.192 -0.105 -0.046 0.033
54K Digital elevation model (DEM) -0.361 0.735 -0.046 0.181 0.441
1 B RS A BE B Resident-distance -0.434 0.416 -0.179 0.101 0.227
I B A9 BE B Road-distance -0.523 0.620 -0.131 -0.004 0.232
A< N BEB 1 FX Cropland-CA -2.903 0.208 -0.989 -0.281 -0.044
A AR BEP T AR Forest-CA -1.852 1.647 -0.462 0.011 0.282
TR PEPIET Y Grassland-CA -1.190 1.028 -0.386 -0.076 0.192
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Table 4 Comparison of model performance between the GWR and OLS models
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Model parameters AlCe R? Adjusted R? Residuals SS Residuals DFF Residuals MS Residuals F
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Fig.4 The third giant panda survey GWR model influence factor regression coefficient spatial distribution
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