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Research Progress on Geographical Weighted Regression
Models: A Perspective of Literature Reviews
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Abstract: Geographically weighted regression ( GWR) is an important method of local analy—
sis in modern spatial econometrics. Based on literature reviews this paper explains the basic
modeling paradigm of the GWR model in perspectives of the setting of the spatial weight ma—
trix parameter estimation identification and elimination of multicollinearity hypothesis tests
of parameter consistency in time and space model robustness analysis and prediction
etc. This paper systematically reviews the research progress of GWR from four dimensions
namely features of explanatory variables and their parameters data characteristics of the de-
pendent variable settings of the spatial weight matrix methods of parameters estimation and
model selection. This paper also points out the directions in research such as the innovation re—
search of spatiotemporal GWR the general hypothesis tests and models selection among all the
possible models in the GWR family the integrated modeling between spatial global and local
models and codes standardization and platform construction based on MATLAB.

Keywords: GWR Multi-Scale GWR  Spatiotemporal GWR ~ Backward Fitting Method E-

lastic Network Logistic Regression

( General Nesting Spatial Model GNSM)
( Elhorst 2014) ;
( Geographically
Weighted Regression GWR) ( Spatial-Filter-Based Local Regression
SFLR) .
( Oshan  Fotheringham 2018)

( Brunsdon 1996, 1998. 1999) ,
( Foster  Gorr 1986)



136

( Paez 2004) .
GWR .
1
( Shi 2006)
Minkowski (Lu 2016) ,
GWR Gaussion
Bartlett + Epanechnikov + Tricube
Cauchy ( Nakaya 2001)
GWR . GWR
( Wheeler
GWR .
( Fotheringham  Oshan 2016)

GWR

( Cho

- Bisquare + Triangular
2010) Squared
o GWR

Tiefelsdorf  2005) .

(SVD



137

10 30 0.9 GWR
. GWR N
( Barcena 2014) . LASSO ( Comber
Harris  2018)
LASSO
LASSO
GWR
GWR ( )
. GWR @ GWR
;@ (
) SNE)
F ( Brunsdon 1999; Leung
2000) ; @
o ( ) GWR
( Mei 2004) .
GWR
GWR
a, = £ ( Byrne 2009) a, = G ( Fother—
1+P,-P,/n (k+1) P,/ (k+1)
ingham  Oshan 2016) a -~ a, ¢,
n- k GWR P,=2u(S) -
(SS) S . P, =k+1 a,
&, (Silva  Fotheringham 2016) .
GWR N
GWR
GWR N
o GWR
( ) o GWR
Ccv
o Cv
Ccv
Cv Cv
Cv N Ccv



138

CV ( Farber
Cv
Cv
AlCce :
( Cleveland  Devlin 1988; Nakaya 2001) o
AlCe o
GWR
GWR
GWR N
eringham 2002) .
3
(2010)
GWR
GWR
GWR
GWR
GWR

GWR

Paez 2007) . (0%
CV
( 10%) CV
AlIC.
BIC SBIC
GWR CV
3

GWR ( Foth-

Harris

3

Imran (2015)

KED

30



139

o GWR
GWR ( Semi-Parameter Geographically Weighted
Regression SPGWR) .
( Mixed GWR) ,

( Fotheringham 2002) ;

(Kang Dall” erba 2016)

( Multiscale Geographically
Weighted Regression  MGWR) ( Multi-Scale Semi—Pa—
rameter Geographically Weighted Regression MSPGWR) o

o Fotheringham (2017)

- Yu  (2020)

( Chen  Mei 2020) ,



140

Fotheringham

( Harris 2011)

(2017)

Chen

Mei (2020)



141

» Atkinson (2003) 0-1
( Geographical-
ly Weighted Logistic Regression GWLR)

. o Brunsdon
(2007) ( Linear Discriminant
Analysis  LDA) ( Quadratic Discriminant Analysis QDA)

( Geographically Weighted Discriminant Regression GWDR)

( Geographically Weighted Poisson Regression GWPR)
( Shariat-Mohaymany

2015) .
15 . Nakaya (2001)
( Geographically Weighted Poisson
Interaction Regression GWPIR) . GWPIR
. » Nakaya (2005)
( Semi-Parameter Geographically Weighted Poisson Regression SGWPR)
GWR GWR
N N o Romano (2020)
( Heteroskedastic Geographically Weighted Regression HG-
WR) . Tasyurek  Celik (2020)

( Reverse Nearest Neighbor GWR  RNN-GWR)

~



142

) ([X xwiy 1)
X'W,: @ [X'W,X] !
N6

o Murakami  Tsutsumi (2015)

( Area To Point GWR ATP-GWR)

N

MAUP ( The Modifiable Areal Unit Problem) .

o

( Geographically and Temporally Weighted Regression GWTR)
Huang  (2010)

N 0 He  Huang
(2018) Cosine ; Harris (2013)
( Contextualized Geographically Weighted Regression CGWR) 7 Du
(2018) N N
( Geographically and Cycle-Temporally
Weighted Regression GCTWR) ( Cycle-Temporally
Weighted Regression CTWR) o

Fotheringham (2015)



143

; Cv
CV o Fotheringham (2015)
o D
@
6
@
Bidanset  (2018) .
( Geographi-
cally and Characteristically Weighted Regression GCWR) N
( Geographically Temporally and Characteristically Weighted Regression GTCWR)
o Wu  (2014)
( Geographically and Temporally Weighted Autoregressive Model GTWAR) N
( Wy)



144

Jacobi

Regression

CGWR)
GWR .

( Brunsdon

1998)
AGWR)

( Wang
Geographically Weighted Regression
(2008)

Bk( U Uo)

Wang
Ui)
,321( Uy Uo)

GWR LLF-GWR)
o Wang

Mei (2011)

)
;@
N6
Leong  Yue (2017)
( Conditional Geographically Weighted
GWR

Gauss-Seidel

1999)  Jacobi
( Autoregressive
( Brunsdon 1998) o
Bi( u;
Bi(uy v,)
( Local Linear-Fitting-Based
(2008)

o Zhang



145

GWR ( Robust GWR  RGWR)
GWR ( Robust Local Linear GWR RLL-GWR) CV
ACV o Chen (2012)

( Geographically Weighted Quantile Regression GWQR)

1 -7 o Comber
Harris (2018)
( Geographically Weighted Elastic Net Logistic Regression GWENLR)

LASSO

CV AlCc. BIC ;

o

Bootstrap
( Mei
2016) . @
) Bootstrap
P ®



146

et
L P
SR Sk
o e
s
AR
s
FHR)
N
SR BiEE M
Y
BRLE Sk
Y
s [ BRI
FER
R -
L
SRS
Ero—selt
B
[
i A=
b Y1t ey
i) :
i BB
P B
T X
WA
A
bk b

1 o
A) A)
, @ .
PR ER O
1 o
S R it
RILBHEL || PesRonming
IR Iy T [EPEEE
R
WEFNET T
Il A
i B A
s (i o) | | TSR
(1 #miagom || Rmges || e
b2 AT
TR
IR
AR |)
PERYT Iy
ik
15 B ]
IR
s | | (ks |
HETERAE | ] 47 nﬂﬂﬁ#@%’MﬂMﬁ o
| R A Ik
mﬁ%g&% B4 I FRANAL UERAEAE DA (B [T AL FAR
T A= R i A 348
T ]
PRy
WARPE IR (T - A
WF BRI o CIEERL]

T e || | A ELAELA

g iz gigh

kg Y LA 7]

P, R
i E TR THETRCRTE
BTk At R v s | *UIEUM | iy
R [yt
HTFCV. AlCc, BIC%
AN B
B || e YOG RR
BWIE | g, =g
it T B
FEF 5% Bootstrap i FE. |
FUBERISR 2 )5 FVIESh
LA




147

——MATLAB

Atkinson P. M. German S. E.  Sear D. A. et al. . 2003. Exploring the Relations between Riverbank Erosion
and Geomorphological Controls Using Geographically Weighted Logistic Regression ] . Geographical Anal-
ysis 35 (01): 58 -82.

Barcena M. J.  Menéndez P.  Palacios M. B. et al. . 2014. Alleviating the Effect of Collinearity in Geographi—
cally Weighted Regression ] . Journal of Geographical Systems ( 16) : 441 —466.

Bidanset P. E.  McCord M.  Lombard J. R. et al. . 2018. Accounting for Locational Temporal and Physical
Similarity of Residential Sales in Mass Appraisal Modeling: Introducing the Development and Application of
Geographically Temporally and Characteristically Weighted Regression J . Journal of Property Tax As—
sessment & Administration 14 (02) : 4 —12.

Brunsdon C.  Fotheringham A. S.  Charlton M. E. . 1996. Geographically Weighted Regression: A Method for
Exploring Spatial Nonstationarity ] . Geographical Analysis 28 (04): 281 -298..

Brunsdon C. Fotheringham A.S.  Charlton M. . 1998. Geographically Weighted Regression-Modelling Spatial
Non-Stationarity J . Journal of the Royal Statistical Society 47 (03): 431 —443.

Brunsdon C. Fotheringham S.  Charlton M. . 1998. Spatial Nonstationarity and Autoregressive Models ] .
Environment and Planning A: Economy and Space 30 (06): 957 —973.

Brunsdon C.  Aitkin M. Fotheringham S. et al. . 1999. A Comparison of Random Coefficient Modelling and
Geographically Weighted Regression for Spatial Non-Stationary Regression Problems ] . Geographical &
Environmental Modelling 03 (01): 47 —62.

Brunsdon C. Fotheringham A. S.  Charlton M. E. . 1999. Some Notes on Parametric Significance Tests for Ge—
ographically Weighted Regression J . Journal of Regional Science 39 (03): 497 —524.

Brunsdon C. Fotheringham A.S. Charlton M. E..2007. Geographically Weighted Discriminant Analysis

J  Geographical Analysis 29: 376 —396.
Byrme G.  Charlton M.  Fotheringham S. A..2009. Multiple Dependent Hypothesis Tests in Geographically



148

Weighted Regression ] . Giscience & Remote Sensing 45 (02): 131 - 148.

Chen F.  Mei C. . 2020. Scale-Adaptive Estimation of Mixed Geographically Weighted Regression Models ] .
Economic Modelling.

Chen Y.J. Deng W.S. Yang T.C. et al..2012. Geographically Weighted Quantile Regression ( GWQR) :
An Application to U. S. Mortality Data ] . Geographical Analysis 44: 134 —-150.

Cho S.  Lambert D. M. Chen Z. . 2010. Geographically Weighted Regression Bandwidth Selection and Spatial
Autocorrelation: an Empirical Example Using Chinese Agriculture Data J . Applied Economics Letters 17
(08): 767 -772.

Cleveland W. S. Devlin S. J. . 1988. Locally Weighted Regression: An Approach to Regression Analysis by Lo—
cal Fitting J . Journal of the American Statistical Association 83 (403): 596 -610.

Comber A.  Harris P..2018. Geographically Weighted Elastic Net Logistic Regression J . Journal of Geo—
graphical Systems 20: 317 —341.

DuZ. WuS. ZhangF. etal .2018. Extending Geographically and Temporally Weighted Regression to Ac—
count for Both Spatiotemporal Heterogeneity and Seasonal Variations in Coastal Seas ] . Ecological Infor—
matics 43 185 -199.

Elhorst J. . 2014. Spatial Econometrics: From Cross-Sectional Data to Spatial Panels M  Springer: Dor—
drecht Netherlands 8 - 10.

Farber S.  Paez A..2007. A Systematic Investigation of Cross—Validation in GWR Model Estimation: Empirical
Analysis and Monte Carlo Simulations J . Journal of Geographical Systems 9 (04): 371 —396.

Foster S. A, Gorr W. L. . 1986. An Adaptive Filter for Estimating Spatially Varying Parameters: Application
to Modeling Police Hours Spent in Response to Calls for Service J . Management Science 32 (07) :
878 —889.

Fotheringham A. S.  Brunsdon C. Charlton M. E. . 2002. Geographically Weighted Regression: The Analysis of
Spatially Varying Relationships M . Chichester UK: Wiley.

Fotheringham A.S.  Crespo R.  Yao J..2015. Geographical and Temporal Weighted Regression ( GTWR)

J . Geographical Analysis 47: 431 —452.

Fotheringham A. S.  Oshan T. M. . 2016. Geographically Weighted Regression and Multicollinearity: Dispelling
the Myth ] . Journal of Geographical Systems 18 (04): 303 —329.

Fotheringham A.S.  Yang W. Kang W..2017. Multiscale Geographically Weighted Regression ( MGWR)

J . Annals of American Assoctation of Geographers 107 (06) : 1247 —1265.

Harris P.  Brunsdon C.  Charlton M. . 2011. Geographically Weighted Principal Components Analysis ] . In—
ternational Journal of Geographical Information Science 25 (10): 1717 —1736.

Harris P.  Fotheringham A. S.  Juggins S..2010. Robust Geographically Weighted Regression: A Technique
for Quantifying Spatial Relationships between Freshwater Acidification Critical Loads and Catchment Attrib—
utes ] . Annals of the Association of American Geographers 100 (02) : 286 —306.

Harris R. Dong G.  Zhang W. . 2013. Using Contextualized Geographically Weighted Regression to Model the
Spatial Heterogeneity of Land Prices in Beijing China J . Transactions in GIS 17 (06) : 901 -919.

He Q. Huang B..2018. Satellite-Based High-Resolution PM2. 5 Estimation over the Beijing-Tianjin-Hebei
Region of China Using An Improved Geographically and Temporally Weighted Regression Model ] . Envi—
ronmental Pollution 236: 1027 —1037.

Huang B.  Wu B.  Barry M. . 2010. Geographically and Temporally Weighted Regression for Modeling Spatio—



149

Temporal Variation in House Prices ] . International Journal of Geographical Information Science 24
(03) : 383 -401.

Imran M.  Stein A.  Zurita-Milla R. . 2015. Using Geographically Weighted Regression Kriging for Crop Yield
Mapping in West Africa J . International Journal of Geographical Information Science 29 (02): 1 -24.

Kang D. Dall” erba S..2016. Exploring the Spatially Varying Innovation Capacity of the US Counties in the
Framework of Griliches” Knowledge Production Function: A Mixed GWR Approach J . Journal of Geo—
graphical Systems 18 (02): 125 - 157.

Leong Y. Yue J. C..2017. A Modification to Geographically Weighted Regression ] . International Journal
of Health Geographics 16 (/11)

Leung Y. Mei C.  Zhang W..2000. Statistical Tests for Spatial Nonstationary Based on the Geographically
Weighted Regression Model ] . Environment and Planning A 32 (01): 9 -32.

Lu B. Charlton M. Brunsdon C. et al..2016. The Minkowski Approach for Choosing the Distance Metric in
Geographically Weighted Regression ] . International Journal of Geographical Information Systems 30
(2): 351 -368.

Mei C. HeS. FangK..2004. A Note on the Mixed Geographically Weighted Regression Model ] . Journal
of Regional Science 44 (01): 143 - 157.

Mei C. Xu M. Wang N..2016. A Bootstrap Test for Constant Coefficients in Geographically Weighted Re—
gression Models ] . International Journal of Geographical Information Science 30 (08): 1622 —1643.
Murakami D. Tsutsumi M. .2015. Area-toPoint Parameter Estimation with Geographically Weighted Regres—

sion J . Journal of Geographical system 17: 207 —225.

Nakaya T. . 2001. Local Spatial Interaction Modelling Based on the Geographically Weighted Regression Ap—
proach J . GeoJournal 53: 347 —358.

Nakaya T. Fotheringham A.S. Brunsdon C. et al..2005. Geographically Weighted Poisson Regression for
Disease Association Mapping ] . Statistics in Medicine 24 (17)

Oshan T. M. Fotheringham A. S..2018. A Comparison of Spatially Varying Regression Coefficient Estimates U-
sing Geographically Weighted and Spatial ¥ilterBased Techniques ] . Geographical Analysis 50: 53 -75.
Paez A..2004. Anisotropic Variance Functions in Geographically Weighted Regression Models ] . Geograph—

ical Analysis 36 (04): 299 -314.

Romano E. Mateu J.  Butzbach O..2020. Heteroskedastic Geographically Weighted Regression Model for
Functional Data ] . Spatial Statistics 100444.

Shariat-Mohaymany A. Shahri M.  Mirbagheri B. et al..2015. Exploring Spatial Non-Stationarity and Var—
ying Relationships between Crash Data and Related Factors Using Geographically Weighted Poisson Regres—
sion J . Transactions in Gis 19 (02): 321 —337.

Shi H.  Zhang L. Liu J.. 2006. A New Spatial-Attribute Weighting Function for Geographically Weighted Re—
gression J . Canadian Journal of Forest Research 36 (04): 996 —1005.

Silva A. R. D.  Fotheringham A. S..2016. The Multiple Testing Issue in Geographically Weighted Regression

J . Geographical Analysis 48 (03): 233 —247.

Tasyurek M.  Celik M..2020. RNN-GWR: A Geographically Weighted Regression Approach for Frequently
Updated Data J . Neurocomputing 399: 258 —270.

Wang N.  Mei C.  Yan X..2008. Local Linear Estimation of Spatially Varying Coefficient Models: An Im-

provement on the Geographically Weighted Regression Technique J . Environment and Planning A 40:



150

986 —1005.

Wang Y. . 1998. Smoothing Spline Models with Correlated Random Errors ] . Journal of the American Statisti—
cal Association 93 (441): 341 —348.

Wheeler D.  Tiefelsdorf M. . 2005. Multicollinearity and Correlation among Local Regression Coefficients in Ge—
ographically Weighted Regression J . Journal of Geographical Systems 7 (02): 161 —187.

Wu B. Li R. Huang B..2014. A Geographically and Temporally Weighted Autoregressive Model with Appli—
cation to Housing Prices ] . International Journal of Geographical Information Science 28 (05): 1186 —
1204.

Yu H. Fotheringham A.S. Li Z. et al..2020. On the Measurement of Bias in Geographically Weighted
Regression Models ] . Spatial Statistics 100453.

Zhang H.  Mei C..2011. Local Least Absolute Deviation Estimation of Spatially Varying Coefficient Models:
Robust Geographically Weighted Regression Approaches ] . International Journal of Geographical Infor—
mation Science 25 (09): 1467 —1489.



