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2 Spatial Autocorrelation
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Anselin 1988  2014
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Spatial Error 
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1985
62 1 5 2010

25 3 6  2014 1
2000 15 12
3  

2000 3,244 2010
2005 1,799

2010 25 3

 

 2008

 
ALPE Algebraic Percent Error APE Absolute 

Percent Error ALPE
precision APE bias
Tayman et al. 2011 Smith 1987 Smith and Shincich 1988

 
 

1  

 

1987 1 47 1985 40

1992 10 47 1990 20

1997 5 47 1995 30

2002 3 47 2000 30

2007 5 47 2005 30

2013 3 47 2010 30

2003 12 3,244 2000 30

2008 12 1,805 2005 30

2013 3 1,799 2010 30
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ALPE APE  
 

ALPEi  = (ePi aPi ) / aPi 100 
APEi  = |ePi aPi | / aPi 100 

 
P e a i  

 
2 APE

90
APE 1990

0 4
 2015

 
5 APE 0.3% 2010 1.4% 1990

10 1.0% 2005 2.1% 1990 15 2.1% 2000
2.8% 1985 20 2.9% 1990 4.5% 1985 25

1985 6.6% 30 1985 8.5%  
1990

20
1985 1995

 2014 90
1990

 
APE 5 1.2% 2010 1.7% 2000

10 2.4% 2005 3.5% 2000 15 2000 5.8%
90

15 6 8% 20 10% 10 8
9% 10 15.3% 2000  

3 APE 1 1 10
10

5 1 1.9
2000 2.1% 2005 1 10 1.1% 2010 1.5% 2000

10 1.0% 2005 2010 1.3% 2000 10
1 4% 1 10 2.2% 2005 3.1%

2000 10 1.8% 2005 2.7% 2000 15 2000
1 6.8% 1 10 5.2% 10 4.0%
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90 15 1 8 10%
15 1 13.1% 1 10 9.8% 10 7.8%

 
4 ALPE

 
1990

2010

24.8% 17.9% -
0.1%  

 
2 APE 90  

 
1990 20  

 

  

5 10 15 20 25 30 5 10 15 20 25 30

1985 0.9 1.5 2.8 4.5 6.6 8.5 1.9 3.0 5.8 9.5 11.4 15.1

1990 1.4 2.1 2.5 2.9 2.3 3.9 8.1 10.2

1995 0.6 1.5 3.1 4.4 1.9 4.5 6.7 10.0

2000 0.6 1.3 2.1 1.6 3.4 6.0

2005 0.5 1.0 1.2 2.3

2010 0.3 1.1

2000 1.7 3.5 5.8 4.8 9.4 15.3

2005 1.3 2.4 4.1 7.9

2010 1.2 3.8

APE,% 90 APE,%
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3 APE  
90  

 
 

4 ALPE 

 
Y 0%

 

 

1 1 10 10 1 1 10 10

2000 5 1.9 1.5 1.3 5.5 4.2 3.6

2005 5 2.1 1.2 1.0 6.7 3.3 3.0

2010 5 2.0 1.1 1.0 4.0 2.3 2.2

2000 10 4.0 3.1 2.7 10.9 8.1 7.4

2005 10 4.1 2.2 1.8 8.2 4.7 4.1

2000 15 6.8 5.2 4.0 13.1 9.8 7.8

APE,% 90 APE,%

1985 1990 1995 2000 2005 2010 1985 1990 1995 2000 2005 1985 1990 1995 2000 1985 1990 1995 1985 1985
5 5 5 5 5 5 10 10 10 10 10 15 15 15 15 20 20 20 25 30
1.6 -2.2 0.3 0.1 0.1 -0.4 1.5 -3.4 0.8 0.6 -0.4 2.6 -3.8 1.9 0.4 4.0 -3.6 2.0 5.5 5.9
2.0 -3.5 -0.5 2.0 0.9 -0.2 1.0 -6.8 0.8 5.2 1.6 0.2 -7.8 3.4 8.1 1.0 -7.6 5.4 2.6 3.3
1.0 -2.1 -0.3 1.7 0.9 -1.0 0.2 -3.9 0.9 4.5 0.9 -0.3 -3.7 3.4 6.6 0.6 -2.3 4.9 2.2 2.5
0.1 -1.3 1.2 1.6 -0.6 -1.2 -0.2 -0.8 3.8 2.8 -1.8 1.4 1.4 6.3 3.4 4.5 3.4 8.1 7.0 8.6
0.8 -2.1 0.0 1.3 0.7 0.0 -0.2 -3.6 1.1 3.5 1.4 -0.8 -3.8 3.3 5.5 -0.2 -2.8 5.2 0.9 1.6
0.0 -1.4 0.2 0.8 0.8 -0.7 -0.7 -2.1 1.2 2.6 0.9 -0.8 -1.6 3.3 3.7 -0.1 -0.1 4.7 1.4 1.8
0.1 -1.4 1.0 1.0 0.5 -0.1 -0.6 -1.1 3.0 2.7 3.2 0.3 0.5 5.9 6.8 2.0 3.0 11.1 4.3 8.5
0.7 -0.5 2.4 1.1 -1.2 0.2 1.9 2.0 5.9 1.2 -1.5 6.6 6.2 8.8 2.2 12.7 9.5 12.5 17.6 23.2

-0.7 0.2 1.0 0.2 -0.1 0.0 -0.5 2.1 2.2 0.7 0.2 1.6 4.6 3.8 1.7 3.7 7.6 5.8 5.9 8.1
0.5 -0.2 0.5 0.4 -0.3 -0.1 1.5 0.6 1.7 0.7 -0.6 3.9 2.7 3.0 1.1 7.0 4.7 4.4 9.8 12.2

-2.1 3.0 2.3 0.6 -1.6 -0.8 -0.2 9.5 5.4 -0.1 -3.2 5.2 17.2 7.3 -0.7 11.5 23.5 9.0 15.7 19.4
-0.5 2.8 1.6 -0.3 -1.7 -0.5 3.0 8.1 2.9 -2.0 -2.2 9.5 13.5 2.9 -2.1 15.8 17.2 4.4 20.2 25.8
1.2 0.5 -4.2 -2.2 -1.9 -1.2 3.1 -3.1 -10.4 -5.5 -3.4 0.7 -8.6 -17.1 -7.7 -4.1 -14.7 -22.5 -9.9 -14.5

-0.6 3.4 -0.4 -1.1 -1.0 0.2 3.2 6.9 -1.9 -2.6 -1.2 7.5 9.4 -3.7 -2.8 10.4 11.2 -4.5 12.3 15.3
0.2 -1.5 0.6 0.9 -0.4 -0.3 -0.6 -2.0 2.1 1.7 -0.8 -0.3 -1.1 3.7 2.4 0.9 -0.1 5.1 1.6 1.7
0.1 -0.8 0.3 0.2 -0.3 -0.2 0.0 -1.1 0.7 0.4 -0.8 0.9 -0.7 1.3 0.4 1.9 -0.4 1.4 2.5 2.7
0.9 -0.8 0.8 0.0 -1.3 -0.1 1.6 -0.5 1.8 -1.1 -2.3 4.0 0.7 1.8 -2.1 6.8 0.7 2.0 8.2 9.4
1.4 -0.5 -0.2 0.6 0.1 -0.2 3.0 -0.7 0.1 1.3 0.1 5.1 0.1 0.9 1.9 7.8 1.3 1.2 10.6 12.9
0.6 -1.8 2.3 0.5 1.0 0.3 0.3 -0.8 5.2 2.3 2.2 2.8 1.2 9.8 4.3 6.0 4.8 14.9 10.3 14.9
0.7 -1.4 0.6 1.1 0.1 -0.4 0.5 -1.7 2.7 2.5 -0.2 1.6 -0.3 5.5 3.7 4.1 1.8 7.9 6.6 8.4
0.8 -0.5 0.9 -0.1 0.1 0.2 1.8 0.3 1.8 0.1 0.4 4.6 1.6 3.1 0.3 7.2 3.1 4.4 9.9 12.6
0.0 0.1 0.6 -0.5 0.2 -0.1 0.9 1.5 0.9 -0.5 0.3 3.3 2.9 1.8 -0.5 5.2 4.8 2.6 7.3 9.0

-0.4 0.3 -0.5 -1.3 -0.6 -0.2 0.4 0.8 -2.1 -2.8 -1.2 1.4 0.5 -3.7 -3.9 1.3 0.0 -5.2 0.6 -0.1
0.2 -0.9 1.6 -0.3 0.0 0.3 0.1 0.1 3.0 -0.3 0.4 2.3 1.3 5.0 0.4 4.4 2.9 7.5 6.6 9.1
0.1 -0.4 0.6 1.1 -0.7 0.5 0.8 0.4 2.6 2.2 -0.5 2.9 2.9 4.5 4.6 6.5 5.2 7.8 9.6 13.7
1.0 -0.7 -0.4 0.3 -0.3 0.2 1.6 -1.1 -0.7 0.4 -0.8 2.3 -1.1 -0.9 0.4 3.1 -1.1 -1.5 3.3 3.2
0.9 -0.4 -1.5 -0.4 -1.5 -0.4 2.1 -0.2 -3.4 -2.2 -2.9 3.7 -0.2 -6.3 -3.8 4.3 -1.6 -9.3 3.0 1.5

-0.5 1.9 0.6 0.5 -0.4 0.0 1.8 1.2 2.2 1.0 -0.9 1.7 2.5 3.3 1.6 3.0 3.8 4.3 3.8 4.4
1.3 0.2 2.5 2.1 -0.8 0.4 4.1 3.7 7.3 3.4 -1.2 10.9 9.9 11.6 5.1 20.5 15.6 16.5 29.4 39.0
0.4 -2.2 1.0 1.8 -0.8 -0.2 -0.8 -2.9 4.0 2.9 -1.6 -0.2 -1.4 6.3 3.8 2.1 -0.4 8.3 3.4 4.1
0.9 -1.0 -0.5 0.6 1.2 -1.1 1.4 -1.6 -0.5 2.7 1.2 2.1 -1.6 1.0 3.8 3.3 0.1 1.7 5.8 6.7
1.9 -1.4 -0.5 1.0 -0.1 -1.0 3.0 -2.9 0.1 2.2 -0.9 4.2 -2.7 1.1 2.7 6.3 -2.2 1.0 8.4 9.0
1.2 -1.5 0.9 -0.5 -0.2 -0.4 1.5 -1.6 1.3 -0.7 -0.6 3.7 -1.8 2.0 -1.1 5.1 -1.9 2.4 6.3 7.0
0.9 -0.7 0.8 -0.3 -0.7 -0.7 2.1 0.2 1.2 -0.9 -2.1 5.1 1.0 1.4 -2.2 7.7 1.6 0.6 9.4 9.9
1.8 -1.7 0.1 0.4 -0.5 -0.4 2.7 -2.5 0.3 0.5 -1.3 4.5 -2.7 0.4 0.2 6.6 -3.1 -0.1 8.0 8.5
0.7 -1.4 0.6 0.5 0.4 0.0 0.6 -1.9 1.5 1.6 0.8 1.6 -1.9 3.2 2.8 2.8 -0.8 4.8 4.5 6.0
1.1 -1.2 0.4 0.3 -0.5 -0.7 1.8 -1.5 1.2 0.4 -1.4 3.7 -0.9 1.8 0.0 6.0 -0.6 1.9 7.7 8.6
1.6 -1.3 -0.1 0.5 -0.2 -0.1 2.5 -2.1 0.3 1.2 -0.4 4.1 -2.1 0.8 1.8 6.1 -1.9 1.0 7.8 9.1
1.7 -1.7 -1.1 1.6 0.9 0.2 2.6 -3.9 -0.8 4.5 1.9 3.2 -4.3 0.9 7.5 5.4 -3.4 2.4 8.6 11.5
0.8 -1.5 0.1 0.8 -0.8 -1.1 1.0 -2.1 1.0 1.3 -2.4 2.3 -1.7 1.5 0.9 4.2 -1.7 1.2 5.5 5.5
1.3 -2.0 0.9 0.0 0.0 -0.6 1.2 -2.6 1.8 0.3 -0.4 2.8 -2.4 3.1 0.0 4.2 -1.9 4.0 5.6 6.0
1.3 -1.7 -0.1 0.3 0.3 -0.5 1.6 -2.6 0.3 1.0 0.1 2.5 -2.7 1.2 1.0 3.6 -2.0 1.4 4.7 4.6
1.7 -1.9 0.3 0.7 -0.4 -0.6 2.2 -3.0 1.1 1.2 -1.1 3.6 -3.3 1.9 1.5 5.4 -3.5 2.3 6.7 7.6
1.8 -1.5 -0.2 -0.2 -0.9 0.3 2.7 -2.8 -0.7 -1.0 -1.0 4.1 -3.9 -1.5 -1.1 5.3 -5.2 -1.7 5.6 6.3
1.3 -2.4 0.5 0.8 -0.7 0.3 1.0 -3.6 1.6 1.1 -0.8 1.8 -3.6 2.6 1.9 3.4 -3.9 3.9 4.1 4.9
2.3 -2.0 -0.7 1.2 0.1 0.1 3.3 -3.9 -0.3 3.0 0.5 4.3 -4.3 0.7 5.1 6.3 -4.1 1.9 8.4 10.4
2.1 -1.6 0.0 -0.5 0.1 -1.6 4.0 -2.1 0.0 -0.5 -1.2 6.7 -2.6 0.6 -1.7 8.9 -2.8 0.0 10.9 10.9
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Smith, 
Tayman and Swanson 2013 1 2

3 4
5

 
1

Murdock et al. 1984; Smith 
1987; Smith and Sincich 1988 ; Tayman and Swanson 1996 ; Tayman et al. 1998 ; 2011; 
Lenze 2000; Rayer 2008;  2015  

2
1 Smith and Tayman 2003; Smith et 

al. 2013

 
3
Smith 1987; Smith and Shahidullah 1995; Tayman et al. 2011 Tayman et al.
2011 U

 
4 2015 0 4 20 30

 
5

Chi 2009; Smith et al. 2013  
 

1985 2010
20 1

                                                  
1 25 30 1985



― 201 ―

 
 

2000 3,244 2005 1,804
2010 1,746  

2

I

Spatial Non-Stationarity

Geographically Weighted Regression: GWR  
 

 
Spatial Error 

Model: SEM

i.i.d.
Anselin 2006;  2014  

 
 
 
 

 
n n

queen lag 1 1
0

1/ min 1 OLS
LR Akaike's 

Information Criterion AIC OLS SEM
 

I Moran 1950 I
1 1

0
 

                                                  
25 30  
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N  
 

I Z Cliff and Ord 
1981 I  

 

 

 
Z N (0,1)

I

 2014
Likelihood rato: LR  

 
 

 
 

1  
Akaike's Information Criterion AIC AIC = 2L+2K

L K AIC
 

Geographically Weighted Regression: GWR
Brunsdon et al. 1996 Fotheringham 2000 Fotheringham et al. 2002

 

GWR
i i
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i w(i) n n
i 0  

GWR

i

 
 

 

 

 
wij dij h

CV
Cross Validation

CV  
 

 

 
 i  CV

 
GWR
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t  
GWR Leung et al. 2000 F 1 F 3

Leung et .al. 2000 GWR OLS 3
F  
F 1 OLS GWR

F 1 GWR OLS  
 

 

 
n p  

F 2 OLS OLS GWR
DSS=RSSOLS RSSGWR F 2

OLS GWR  
 

 

 
F 3 F 3

 
 

 

 
3 F OLS

R2

 

pooled OLS  
 
APE/ALPE= 0+ 1 LnPOP+ 2 LnPOP2+ 3 AbsNM+ 4 AbsNM2+ 5 TMD+ 6

BsYear+ 7 PrHor+e 
 

1
LnPOP LnPOP2 2 5

AbsNM AbsNM2 3
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4 1985 2010
2000 2010 5

1985 2000 5 20 5
5  

2
3

 
 

1  
OLS Model: APEti/ALPEti= 0+ 1 LnPOPt+ 2 LnPOP2t+ 3 AbsNMt+ 4

AbsNM2t+ 5 TMD +eti   
     t=P[1985-2010], M[2000-10] (5), i=P[5-20], M[5-15] (5) 

SEM Model: APEti/ALPEti= 0+ 1 LnPOPt+ 2 LnPOP2t+ 3 AbsNMt+ 4

AbsNM2t+ 5 TMD + Wu + eti 
    eti~i.i.d. N(0, s2I), t=P[1985-2010], M[2000-10] (5), i=P[5-20], M[5-15] (5),  
    W: queen 1  
 

2  
OLS Model: APEti/ALPEti= 0+ 1 LnPOPt+ 2 LnPOP2t+ 3 AbsNMt+ 4

AbsNM2t+ 5 TMD +eti   
     t=2000-10 (5), i=5-15 (5) 

GWR Model: APEtij/ALPEtij= 0+ 1 LnPOPtj+ 2 LnPOP2tj+ 3 AbsNMtj+ 4

AbsNM2tj+ 5 TMDj + etij   
t=2000-10 (5), i=5-15 (5), j=  
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5  

 
 

APE ALPE pooled OLS APE
6

1985 1990
1995

 
ALPE

10

1985

 
APE 7

N Mean Std. Dev. Min Max N Mean Std. Dev. Min Max

APE (%) 846 2.308 2.840 0.0 23.5 AAPE (%) 14,876 3.978 5.239 0.0 129.0
ALPE (%) 846 1.028 3.513 -22.5 23.5 AALPE (%) 14,876 2.045 6.252 -48.8 129.0

Ln size 846 14.492 0.724 13.3 16.4 Ln size 14,876 9.695 1.395 5.3 15.1
(Ln size)2 846 210.544 21.381 176.5 268.7 (Ln size)2 14,876 95.946 28.010 28.1 228.6

Abs. Nmr 846 1.150 1.065 0.0 5.9 Abs. Nmr 14,876 2.847 2.847 0.0 76.9
(Abs. Nmr)2 846 2.454 4.562 0.0 34.5 (Abs. Nmr)2 14,876 16.208 100.982 0.0 5909.1

TMA 846 0.085 0.279 0 1 TMA 14,876 0.098 0.297 0 1

Year 1985 846 0.222 0.416 0 1 Year 2000 14,876 0.648 0.478 0 1
Year 1990 846 0.222 0.416 0 1 Year 2005 14,876 0.239 0.426 0 1
Year 1995 846 0.222 0.416 0 1 Year 2010 14,876 0.113 0.317 0 1
Year 2000 846 0.167 0.373 0 1
Year 2005 846 0.111 0.314 0 1 5 years 14,876 0.453 0.498 0 1
Year 2010 846 0.056 0.229 0 1 10 years 14,876 0.335 0.472 0 1

15 years 14,876 0.212 0.409 0 1
5 years 846 0.333 0.472 0 1

10 years 846 0.278 0.448 0 1
15 years 846 0.222 0.416 0 1
20 years 846 0.167 0.373 0 1
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ALPE

2000 2005
2010

 
 

6 APE ALPE pooled OLS  

 

Std. Err.
Standardized
Coefficients

Std. Err.
Standardized
Coefficients

Ln size -7.387 + 4.291 -1.883 35.199 ** 5.848 7.253

(Ln size)2 0.256 + 0.147 1.924 -1.221 ** 0.200 -7.433

Abs. Nmr -0.565 ** 0.189 -0.212 -1.824 ** 0.257 -0.553

(Abs. Nmr)2 0.358 ** 0.044 0.576 0.633 ** 0.060 0.823

TMA 1.054 ** 0.404 0.104 0.677 0.550 0.054

ref. 1985 

Year 1990 -0.366 + 0.221 -0.054 -2.967 ** 0.302 -0.351

Year 1995 0.421 + 0.217 0.062 -0.542 + 0.295 -0.064

Year 2000 0.097 0.242 0.013 -0.711 * 0.330 -0.076

Year 2005 -0.250 0.277 -0.028 -1.548 ** 0.377 -0.139

Year 2010 -0.461 0.363 -0.037 -1.388 ** 0.494 -0.091

ref. 5  

10 0.893 ** 0.192 0.141 0.336 0.262 0.043

15 2.178 ** 0.210 0.319 1.441 ** 0.286 0.171

20 3.762 ** 0.233 0.494 2.923 ** 0.317 0.310

53.889 + 31.366 -251.206 ** 42.746

N 846 846

F(13, 832) 56.65 ** 35.41 **

Adj R2 0.4612 0.3461

: 0.01 **, 0.05 *, 0.1 +

APE (Absolute Percent  Error) ALPE (Algebraic Percent  Error)
Unstandardize
d Coefficients

Unstandardized
Coefficients
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7 APE ALPE pooled OLS  

 

APE ALPE
8

9  
APE 8 1985 1990 5

10
ALPE 5 1995 2000

1985 1990 10
1990 15

 
9 APE ALPE

APE ALPE
 

OLS

OLS SEM

Std. Err.
Standardized
Coefficients

Std. Err.
Standardized
Coefficients

Ln size -7.564 ** 0.268 -2.014 -3.963 ** 0.345 -0.884

(Ln size)2 0.334 ** 0.013 1.788 0.144 ** 0.017 0.644

Abs. Nmr 0.135 ** 0.019 0.073 -0.159 ** 0.024 -0.072

(Abs. Nmr)2 -0.001 * 0.001 -0.022 0.000 0.001 0.000

TMA 0.972 ** 0.131 0.055 -1.167 ** 0.168 -0.055

ref. 2000 

2005 -0.079 0.096 -0.006 -0.242 * 0.124 -0.017

2010 -0.104 0.133 -0.006 0.114 0.171 0.006

ref. 5 

10 2.130 ** 0.090 0.192 1.389 ** 0.116 0.105

15 5.190 ** 0.108 0.405 3.864 ** 0.139 0.253

Intercept 42.992 ** 1.341 25.993 ** 1.727

N 14,876 14876

F(9, 14866) 579.35 ** 266.13 **

Adj R2 0.2592 0.1382

: 0.01 **, 0.05 *, 0.1 +

APE (Absolute Percent Error) ALPE (Algebraic Percent Error)
Unstandardize
d Coefficients

Unstandardized
Coefficients
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2 10

APE ALPE GWR
OLS F(1)-(2)

F(3)

1
 

 
 

 
2

1

1990

 
2
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2006

 2015; 2016  

 
GWR

2
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8 APE ALPE  

 
 

OLS  SEM OLS SEM
1985 (47) 0.450 ** 0.600 ** 99.7 85.9 0.463 **

1990 (47) 0.169 * 0.354 + 100.4 99.3 0.166 *

1995 (47) -0.119 -0.432 100.9 100.3 0.354 **

2000 (47) 0.084 0.141 91.5 92.9 0.060

2005 (47) -0.021 -0.040 49.6 51.5 0.261 **

2010 (47) 0.069 0.156 48.8 50.3 0.046

1985 (47) 0.220 ** 0.385 * 141.2 138.8 0.275 **

1990 (47) 0.250 ** 0.458 * 124.9 120.7 0.256 **

1995 (47) -0.001 -0.006 186.9 188.9 0.390 **

2000 (47) 0.197 * 0.262 169.3 168.7 0.138 +

2005 (47) -0.054 -0.103 116.4 118.2 0.082

1985 (47) 0.004 0.008 188.2 190.2 0.105

1990 (47) -0.066 -0.255 181.4 182.6 0.359 **

1995 (47) 0.045 0.171 234.4 236.0 0.350 **

2000 (47) 0.176 * 0.259 215.6 215.3 0.091

1985 (47) 0.048 0.118 225.2 226.9 0.172 *

1990 (47) -0.022 -0.099 237.2 239.1 0.454 **

1995 (47) 0.107 0.368 270.0 269.9 0.360 *

OLS  SEM OLS SEM
1985 (47) 0.342 ** 0.475 ** 118.3 111.5 0.431 **
1990 (47) 0.172 * 0.375 + 128.6 127.1 0.402 **
1995 (47) -0.076 -0.185 123.6 124.9 -0.046
2000 (47) 0.120 + 0.193 109.9 110.8 0.203 *
2005 (47) 0.320 ** 0.503 ** 91.7 84.8 0.287 **
2010 (47) 0.207 * 0.438 * 75.0 72.1 0.140 +
1985 (47) 0.225 ** 0.407 ** 154.4 151.5 0.320 **
1990 (47) 0.181 * 0.330 + 214.1 213.0 0.369 **
1995 (47) -0.067 -0.196 197.8 199.2 -0.034
2000 (47) 0.195 * 0.275 185.2 184.6 0.254 **
2005 (47) 0.165 * 0.294 159.3 158.9 0.115
1985 (47) 0.078 0.177 194.4 195.7 0.168 *
1990 (47) 0.188 * 0.330 + 263.5 262.4 0.273 **
1995 (47) -0.028 -0.084 240.8 242.7 -0.023
2000 (47) 0.182 * 0.265 230.0 229.6 0.193
1985 (47) 0.014 0.033 233.4 235.3 0.034
1990 (47) 0.163 * 0.299 292.6 292.1 0.200 *

1995 (47) 0.015 0.047 272.4 274.3 -0.009
: 0.01 **, 0.05 *, 0.1 +

OLS

APE

I  for I

OLS
SEM

10

15

AIC

SEM AIC
ALPE

I  for I

OLS

15

20

A
P
E

A
L
P
E

5

10

20

5
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9 APE ALPE  
 

 
 

10 APE ALPE  
 

 

OLS  SEM OLS SEM

2000 (3,244) 0.044 ** 0.098 ** 15143 15131 0.073 **

2005 (1,804) 0.046 ** 0.131 ** 7687 7678 0.111 **

2010 (1,684) 0.094 ** 0.233 ** 6974 6937 0.131 **

2000 (3,244) 0.089 ** 0.196 ** 18935 18879 0.075 **

2005 (1,746) 0.096 ** 0.240 ** 9595 9555 0.105 **

15 2000 (3,154) 0.134 ** 0.289 ** 21538 21413 0.146 **

2000 (3,244) 0.081 ** 0.172 ** 17067 17023 0.093 **

2005 (1,804) 0.071 ** 0.188 ** 8815 8793 0.204 **

2010 (1,684) 0.100 ** 0.247 ** 8110 8069 0.216 **

2000 (3,244) 0.161 ** 0.329 ** 20678 20499 0.134 **

2005 (1,746) 0.130 ** 0.313 ** 10561 10488 0.210 **

15 2000 (3,154) 0.200 ** 0.401 ** 22981 22712 0.244 **

: 0.01 **, 0.05 *, 0.1 +
OLS

OLS
SEM AIC

APE/ALPE

I  for I

A
P
E

5

10

A
L
P
E

5

10

Leung et al.
(2000) F(3) 

OLS GWR OLS GWR

2000 (3,244) 1.000 2.872 * No 15143 15133

2005 (1,804) 0.986 8.148 ** No 7687 7651

2010 (1,684) 0.997 5.948 ** No 6974 6960

2000 (3,244) 1.000 1.221 No 18935 18926

2005 (1,746) 0.992 5.061 ** No 9595 9571

15 2000 (3,154) 0.999 2.146 * No 21538 21526

2000 (3,244) 1.000 2.674 * No 17067 17057

2005 (1,804) 0.996 7.146 ** No 8815 8800

2010 (1,684) 0.989 7.039 ** No 8110 8082

2000 (3,244) 0.998 3.922 ** No 20678 20662

2005 (1,746) 0.997 4.369 ** No 10561 10547

15 2000 (3,154) 0.995 7.343 ** No 22981 22956

: 0.01 **, 0.05 *, 0.1 +

 Leung et al.
(2000) F(1) 

Leung et al.
(2000) F(2) AIC

GWR<OLS GWR OLS

A
P
E

5

10

A
L
P
E

5

10

F(3) ("No")
F(3) 1 "Yes" .

GWR .
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