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

AT

Ha

215 HARDE o] 3 EAZS afA o]

A7 FEA B

_-||* . ax'&** . 0|g|§***
LAl Bt 2| R PG, RAroshaL Al patap
0] 4
=

A4, 201449 29 49 500)

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)
Population density

Control variables

Average land values(won)

Geological features

Poor drainage area(m?)

Natural factors

Independent variable

Geographical features

Distance of the river(m)

Mean elevation(m)

Mean slope(degree)

Environmental factor

Impervious area(m?)

Artificial factors

Social factors

Urbanization area(m’)
Infrastructure area(m?)

2]
=
=)
i
iEhs
m
=
=)
a2
1o

ol ofN
N
o
=
>
w
1o
ol
off

o
ity
e o

30
o
o

N
ol
o
ol ©
_ﬁ::l‘
=’
ol

N
N
ﬂ
of
()
i
L ofo
olN
=

L2 o d
(@]
=
=)
rlo
—
©
Ne)
(@]
am
_‘
o
[\}
(@]
(@]
3
)
N

o
Ehid
X
ot
i
~
N,
ox
&
12
rE o
offl
1
2
=
%
L
%
_] [e]

rlu
Al
o
U
o[\
~N
<
a
rlr
o
2
N
.
2
o
T

o
12
to
B
i
v
L
>
=
s
ol
o
(N

i)
of
==

o o Fo rir rlo

LLorle

)

4
] T
mﬂ:

& o}; o
>

o I oy

ol
-

L ofoh 0_91, Jina)
s
=

2
d
=

c

ot

1. M
o

o

a3k 947 x}qjﬂ Q20|

A7) glofls ZAIE 847}

Ao 2 Az
ZAZ S 9IS

Yoy
Gy Te Ty wa
2

o

ol we e

N
-

9

FTI“
3 ofN
o
N
Sy
Y o i
o
Ir =
o

H\ll‘ﬁ’r‘lmg

° o o
el

o g
N

2
o Nogle rlr s

é
ol
El"lrﬁ

% o

rr
s
i
o
_?l'.

rr

H1
>
oH _Ilm
r\l

1
=
2~

N

o
fo
o
il

il

ol

X“\] 47%4 JJOH ARE THAR
E2A© & UNDP(2004)9] Disaster risk index= 7+
LA 03 07 5 o o 0

Ir

6} 2220009 7= A FotEAL
Fgate] T4 HANPE BAPPEE At
2 ATAE FEASE EANSI LTS
Rt A B5shele 2ol
20124 7o) LA TR IR A T Tral R

of wlsho) AHg7) S s, 19994
200747H41] 1041 7 W4 o133} 2ol ot
eht 29, 18, 71, 179 93] gl A4 3
shene] Ve g 7R LAY, Bl 571
AT AHE Azl A7 gle] W31 APy 71
ofsh sfaote Astel Agstect

St Aad 2olwt Q1914 20lo2 Ui
of Agstedch A% 29l F A AA B4 3o
3 R W o] 7t w12k A
FE9R Q19 iRl W2rh(E 30, 20040
WA ERUSE Agstgom, AR
FIRA LGN AFSH EPES vigoR A
7Fgstol st 422 AT

A anz ST At e B4 g
2 2 O o] BYNSE AR >
HA% 2,004 AZsHe SHAdlole F FrhsH 2
EABEE FESto] HaAnte] 72E GISE
Hsto] AsHAL olet o] AX|YUSE
2 QIgt sfafoll Fokstehs HelA 92 B4 B4
& 919) g, ‘wm} WS Sk,

R



WRE xa_sa A m4e7h obd 2A 4 ma)
Q:HEEM © 35t Ecﬂo]q

vi = fo(ui, vi) + Zk Si (i, vi) Xi + &

A D)OlA (ui, viy=
S| o] fJA|gk XP‘U
= A oA 9] A&
&3 B (ui, v)E A oA A
A2 HA Y B4 WolE <l

Jol| A &A= A A
EE OIS, B (ui, vi)
Bi(u,vy5 Uehdith, & &
3 Ao 1\11 E

AN

. 54 A=) il 7k
ols)| Wal7] QlaliA], W& Aue A4 ieke] &
we} 71551 E 2 WLS(Weighted Least Squares) A

B(ui, Ui) = (XT W(Mi, Ui) X)71 XTW(Mi, Ui)

CE!

(1= pe] 2AHAE ojlse] thew 2
2 Upehiet,

rlo

Wi 0
: ) (©)

W(u,»,v,-):( O
0 - vVik
7THe A E W, voll A 2F Wigh 3] 524 9 &
AR ol A A 1R Holl tigt 7l olm, 31
A Z oA Hol A4 ropx]= A A 7FEA] 7t
g% ol= oA HlolHE 7+ A7t atgfH
o}, A7IA Wi SRR F T 4 Sl
Wi = exp (-yd) @
+ AR FAA oA A AT BEA 7
A A o]y, Y+= Kernel bandwidtho|c}, T+ i¢}
7t ELRE F7hol| IAF A 7S A= 1o] HaL
e A9 AmE At S w7 A7
THAIQE TAREE Hagit), & iR RE HojASE
7t Ae 0ol 7RI, ol= 7 A E A8t
7127} B AR oS £t 70| "ok
A O] B2 3 A oA thE A H71A] 9] Az
(d)2F th 26 bandwidth)oll wheh BepA |, f <
9] 14 o Fof whe} 114 A (fixed kernel) ¥} A
A 79 (adaptive kernel) 2 FEE T 1A
2ol EE AELS HLata ALY
& A= 0] W] wheh Adoldt 9%
= X—i%ﬁ}% HHalojtk, GWRY #441t= 714

[¢)
g} 7pe-A ok ?é}—r(Gaus&an function)®} BFo| 23 of
Sk (Bisquare function)7} 9lom, H Ao A=
UREAH © & AMGE= 7HAIQE S E A48t

1. GWR 2o Mgtz 24

= |
oAl AR W I s dde A



2

NEM PRI - 014E / A2 IEERRES 0183 SAIES WHKIZel KK BUSH 4 45

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

H7] Y&l & ATl A= VIF(Variance Influence
Factor: SAFYAAS)E o]-8315ich detdore=
VIF7} 10 o/dd 7ol tha34d4ds a4 9l
thal Audaled)], Table 29] thEaAA B4 2
S AHEY, AYH WEE 71 thsaidd A7
WA Oh= A8 UET

GWR B2 7|22 o2 Ay3|7ndo] ges
FJotaL Qlo] o] H-gof oha] Unka] &4 (OLS)
meo) A AnE EHE AY=E Aok g
o}, OLS9} GWR Z@lo] Z3He B4 A1kl Table 3
S A EH, GWR 229 R%wi 7} 0.803% YER}

= T712 o)A A(Spatial heterogeneity)g 714 1L
U= ulgttt, BP A7 F-9ulshA vehd

A, 2011).

thr2 2 Moran's [ gH& A2 0.277= v
FOSHA e F1HA A7 g o] EA sk A
©2 Yepgtt, dukd o2 AlCce(corrected Akaike
Information Criterion)gte] 2}o|7} 4¥c) 22 7
G 5 22 ARAY Afo7) gl Ao 2 skt
(Fotheringham et al., 2002), & Lo A= GWR
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gk A 7]Eo] Bt A8 2T 99% 79 ol 9 Fagh, Bgho 2 Uepilon] A4S Ae
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A7} ol A o] U3 BT 4= St ol F GWR 2ol 4% 7} A9 A4
4o A4 7he] 2|94 Ao whet gehA| of thgt #£2%=Ql Fig. 28 AW EH Y51 &5
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 STanste 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
5ol YAs S A9 A (local )o] 93%°] HA] BRI A Was Aw e R b))
o2 YA etk BATAA ol Aol Ao ()2 YFL mAE AR BAHI
M e A9 96,792 ekt g AGe ol gajx|ddo] T A PoA4E w3
75.3%2 SYWEEO] Aol o 914% HE A olo] gashs AL ofu|g}, B3] ATl T
ok ket ouich b2 gaEo] 48T YS G 1 GFeo] T A0 BAHGlE ol UF
& AARHAL Qi 7 sl 7] el Ao wEE,
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
Distance of the river, Poor drainage area,
- - ++
Natural factors Mean elevation, Mean slope Gangseo-gu, Sasang-gu
i Infrastructure area, Urbanization area, Dong-gu, Dongrae-gu, Jin-gu, Haeundae-gu =+
Artificial factors :
Impervious area Jung-gu +
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