Journal of Environmental Impact Assessment, Vol. 23, No. 1(2014) pp.39~50
http://dx.doi.org/10.14249/eia.2014.23.1.39

AFEE

A2 15 HARDE o] 3 EAZS oA o)

A7 BHEA B

Local Analysis of the spatial characteristics of urban flooding areas using GWR

Jun-Seok Sim* - Ji-Sook Kim** - Sung-Ho Lee***

Research Institute for Gangwon*
Dept. of Geographic Information System, Pusan National University**
Dept. of Urban Engineering, Pusan National University***

(Manuscript received 12 December 2013; accepted 4 February 2014)

Abstract

In recent years, the frequency and scale of the natural disasters are growing rapidly due to the
global climate change. In case of the urban flooding, high-density of population and infrastructure
has caused the more intensive damages. In this study, we analyzed the spatial characteristics of
urban flooding damage factors using GWR(Geographically Weighted Regression) for effective
disaster prevention and then, classified the causes of the flood damage by spatial characteristics.
The damage factors applied consists of natural variables such as the poor drainage area, the
distance from the river, elevation and slope, and anthropogenic variables such as the impervious
surface area, urbanized area, and infrastructure area, which are selected by literature review. This
study carried out the comparative analysis between OLS(Ordinary Least Square) and GWR model
for identifying spatial non-stationarity and spatial autocorrelation, and in the results, GWR model
has higher explanation power than OLS model. As a result, it appears that there are some
differences between each of the flood damage areas depending on the variables. We conclude that
the establishment of disaster prevention plan for urban flooding area should reflect the spatial
characteristics of the damaged areas. This study provides an improved understandings of the
causes of urban flood damages, which can be diverse according to their own spatial characteristics.
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Fig. 1. Study area
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Table 1. Summary of variables
Type Variables(unit)
Dependent variable Flood damage(won)
Control variables Population density
Average land values(won)
Geological features Poor drainage area(m’)
Distance of the river(m)
Natural factors ) -
Geographical features Mean elevation(m)
Independent variable Mean slope(degree)
Environmental factor Impervious area(m?)
Artificial factors . Urbanization area(m’)
Social factors
Infrastructure area(m?)
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Table 2. Results of Multicollinearity test

Variable VIF
Distance of the river 249
Infrastructure area 1.95
Poor drainage area 3.25
Urbanization area 1.49
Impervious area 3.68
Mean elevation 1.16
Mean slope 1.08

B7] 9J8f &2 Aol A= VIF(Variance Influence
Factor: BAMAA2)E o] 4514t} Uutgo g
VIF7}10 o)/ddd 790 ths344S oAg 4= 9l
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S A EE GWR 299 R 7} 0,8038 Ueht
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£ 37H4 o]= A (Spatial heterogeneity) 7HA| i
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o)
=
=
to
ifin)

=
I EM EM 247
wAE OLS mdlo] 7JiAbe 4stm givte 2 SUHSS =4 on
wehal7] Qe ©.apo] AT, SHALA, T GWR Zd £4 4315 B2 SHusds =
A4S A Rkt Jarque—Bera ¥ 7 %o AR gafA] o] Skt JaFs A=
99% F-olEo A FYulelA YERY 2419 A+t 54 A5 £ AT AL E9R 4]
A 714S 48101 9lA] ok Ao 2 UehT) A o2 Ui AR Ao disl] SUsHA A&
Koenker(Breusch—Pagan) E4%-& SEAM] o sk 4= glon2 Table 49 Zro] Argw4=9] gk
et By 71l Hle AYAT 99% 9] wEel W Aag BagoR tehion, BAANE A
A TGOS ekt Bmael ARuazte sl BRgho R F0TR B4S BASIG
AL o] &4dol & BT = A}, ol F GWR 2ol 4% 7} A9 A4
S A 7ol A8 Aol ek e of dfst BEEC Fig, 28 Awun S5 38
Table 3. Comparison of the results of OLS model and GWR model
Variable OLS GWR
R-squared 0.784 0.817
Adjusted R-squared 0.777 0.803
AlCc 1437.974 1406.700
Moran’s Index 0.277** 0.246**
Koenker Statisti 95.300%* i
oener Stashe Neighbors 250 Effective 21294
Jarque-Bera Statistic 22407.627+* Number

** P<0.01 Significance
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Table 4. Estimation of the GWR model coefficients

Variables Minimum value Maximum value Average value Standard deviation
Intercept -0.06691 2.22807 0.30683 0.53689
Distance of the River -0.00042 0.00026 -0.00014 0.00012
Infrastructure area -0.00004 0.00003 -0.00001 0.00002
Poor drainage area -0.00012 0.00007 0.00002 0.00006
Urbanization area -0.00005 0.00012 0.00002 0.00004
Impervious area -0.00004 0.00017 0.00003 0.00006
Mean elevation -0.20183 0.04225 -0.00471 0.05048
Mean slope -0.16852 0.06463 -0.03617 0.03883
Local R’ 0.75321 0.96713 0.85219 0.06645
ol AT S A9 A8 (local )o] 93%0] HA| TR A2l WpE A ETE R v
o o Uehgrh BRI Gel Aol Aelel] &()2) YL vAE Ao BAHI,
T Tl 2L 96, 7%= UEREAL, e A dL o= ma x|S0 sFATIe] A g7} Wol WA w4
75.3%2 SYWSEEO] Aol o 914% HE A olo] gashs AL ofu|g}, B3] ATl T
o7} e} X|oduet ThE igtelo] 2Hgatm Qg oS 1 aielo] 2 AoR BAHGLY o) UE
= AlAFSEL ek, 7k sl 7] whiedl Aoz AT
S
+

(a) Local R? :

- 4

-r//

(d) Poor drainage area : Gangseo gu

(g) Mean elevation :

Jung-gu

on | i1 &
¥

Buk-gu

(b) Distance of the river : Gangseo-gu

(e) Urbanization :

Dongrae-gu

+

awn wraa s < own waza

(h) Mean slope : Gangseo-gu
Fig. 2. The distribution of the GWR coefficients

(c) Infrasture area :

Dongrae-gu

(f) Impermeable area : Dongrae-gu
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Table 5. Damaged areas of highest coefficients

Variables Highest coefficients Damaged Areas Gu
Distance of the river 0.00026 Gangdong-dong Gangseo-gu
Infrastructure area 0.00003 Suan-dong Dongrae-gu
Poor drainage area 0.00007 Sikman-dong Gangseo-gu
Urbanization area 0.00012 Myeongnyun 1-dong Dongrae-gu
Impervious area 0.00017 Myeongjang 1-dong Dongrae-gu
Mean elevation 0.04225 Deokpo 1-dong Sasang-gu
Mean slope 0.06463 Gangdong-dong Gangseo-gu
Table 6. The classification of damaged area
Risk factors Variables Impacted damage area Influence
Natural factors Dman{;gigi 3;?;5?22:5?12;{’;6 area, Gangseo-gu, Sasang-gu ++
Artificial factors Infrastructure area, Urbanization area, Dong-gu, Dongrae-gu, Jin-gu, Haeundae-gu =+
Impervious area Jung-gu +
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