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Effect of Built Environment on Ventilation Potential Based on

Multi-scale Geographically Weighted Regression :
a Case Study of the Main Urban Area of Wuhan

Yang Jiaming, An Rui, Tong Zhaomin,Liu Yanfang
(School of Resource and Environmental Sciences, Wuhan University , Wuhan 430079, China)

Abstract : Metropolises tend to improve urban ventilation potential through optimizing built environment ( BE) to alleviate
urban heat island and promote regional environment quality. The simulation of the urban ventilation potential based on wind
tunnel tests and other methods lack continuous monitoring on a large scale,and traditional regression methods overlook the
spatial non-stationary and scale effects of built environment effects. This paper applies circuit theory to identify the
ventilation potential of the main urban area of Wuhan, forms an indicator system to describe the BE based on 3Ds( density,
diversity ,design ) theory, and compares the results of ordinary least squares ( OLS) , geographically weighted regression
(GWR) and multi-scale geographically weighted regression ( MGWR ) models detailedly. The result has confirmed the
necessity of using a local model that considers spatial heterogeneity. MGWR relaxes the fixed bandwidth assumption of the
GWR model, further considers the scale effect of built environment factors, effectively avoids overfitting and abnormal
symbol reversal. Relevant research should consider the spatial heterogeneity and scale effects of driving mechanisms.

Key words: circuit theory, ventilation potential ,built environment, multi-scale geographically weighted regression
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Table 2 Index system based on 3Ds

B A5 e A5 e i A S bR
[R5 WSS 500 mx500 m % ¥ P AOREBL FiL 3 0.008  0.087
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Fig.4 Spatial distribution characteristics of respective variables
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Fyad . MGWR 38 1< fff FH 5 38 FH A% B ( generalized additive model, GAM ) "' %) J5 3B #0145 5 5 ( back-
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Table 3 OLS model regression results

LD AR b R FRifEiR 22 P1A VIF

g8l 0.000 0.014
% 0 22 i -0.024 0.015 1.127
= S -0.042 0.023 2.649
- AR -0.419 0.028 o 4.009
UNEE:: S -0.056 0.015 EE 1.237
LR WA IR A -0.109 0.019 _— 1.863
SEN S 0.044 0.016 % 1.277
it 7 5 98 L -0.173 0.034 _— 5.939
- K25 IF W BE -0.126 0.036 . 6.700
AR R R -0.172 0.022 ok 2.516
ek B 0.023 0.015 1.135
ER/809 NDVI -0.053 0.020 * 2.158
NDWI 0.060 0.023 * 2.740

Adj. R® 0.463
AlCc 6 178.781

T * P<0.05, # = P<0.01, *#* % P<0.001.
6, WAL OLS,GWR FI MGWR 5 A4 i 8 (R &R, A 58I 1 4 455 A0 11 5[] 5 AH DG 4005 7k
2. QnE S FTR 6B 3 BB 4R BE 22 H5 40 (Moran’s 1) 5 P {8, 0LS 5 GWR ## (¥ Moran’s I Fl P {H
HIE,MGWR [ Moran’s I 1. XK , MGWR fig B 4f- Ab 3 75 8] F A OCIEE. JF H 3% 4 Prs , MGWR
E 25 5% 227 Fll (residual sum of squares, RSS) “& 689.18 ¥ /7 #R 1% 2% (root mean square error, RMSE )

1 0.50 AlCc 4 4 786.42, 359k 3 LA G iz /N, f LI F4 3FHEELNRE L
AH ,MGWR t0] Tuﬁ;b;ﬂl 9’%]’% /J\. Table 4 Comparison of errors of three models
ok MR GWR R MGWR R 1) 53 R (& 6) T RSS RMSE AlCe
j s . o 0LS 1 487.40 0.73 6 178.78
MGWR 114 Jay 7B XSl 40 55 2 B L GWR B WY 2 & {E IX GWR 782.39 0.53 5292.65
$ol B ARG IX eI MGWR 689.18 0.50 4 786.42
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Fig.5 Spatial autocorrelation characteristics of three models
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Fig. 6 Spatial distribution characteristics of local fitting of GWR and MGWR

H15% 5 AT, ASBIFSE 2% i i U2 e PR 2R 79 GWR BB SR S 210, A 3 B A3 3 i e XL 23 BT T Y
7.59%. %FF MGWR BERY A 158 BE F 8 85 8 HE | K2 I ) B2 RO R 324 38 )21 58 703010 0 2 7611 465
2 779 F1348, %8 T GWR MR 98 211, 3 H e 1A 5/IME 5 e KAETERF 5 KU (R AE GWR BB rf
RS B/ IMEAFAERT 5 B X5 B AT 8 X ) 22 B 35 O S SC R O U AR T &, X vl REJ 1h T4l
Yt/ G LA TR 2R 08 S KB, Ui, MGWR RS TH45 5 5 m] 5.
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Table 5 Comparison of GWR and MGWR coefficients

GWR MGWR
A5 g

G ¥l brifi 2 it BIfE Prifii 2z
fig 211 -0.088 0.244 57 -0.062 0.310
B 0 % i 211 0.001 0.070 733 -0.010 -0.010
AR 211 0.047 0.182 2777 0.010 0.005
AR 211 -0.577 0.358 44 -0.567 0.295
UNEE) S 211 -0.088 0.240 2761 -0.033 0.004
T A ARG 211 -0.080 0.160 545 -0.077 0.080
SENE S N 211 0.043 0.096 992 0.037 0.043
BB R T L 211 -0.183 0.206 1 465 -0.166 0.015
REEFFIEE 211 -0.138 0.187 2779 -0.117 0.003
AR A 211 -0.159 0.187 348 -0.163 0.099
2RI 211 0.006 0.090 1 830 0.009 0.013
NDVI 211 0.034 0.185 621 -0.032 0.078
NDWI 211 0.080 0.194 1 036 0.043 0.029

MGWR [FIHZ5 AR H Y Se T 70k 3 N RUE (K 7) .
(1) SRR BE (5 FE1E 44 ~621 Z[A)) . 5P (& 7a) , H GWR 25 SR 60 H X pg &6 V1A X AL ik B
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Fig.7 Comparison of spatial distribution of GWR and MGWR coefficients of respective variables
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