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Selection of Flood Risk Hotspots in Urban Areas
: Based on the AHP-PROMETHEE Method
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Abstract

Risk assessment methods are becoming important in making decisions on disaster prevention measures in urban
areas. With a focus on urban flood, this study examines how risk hotspots are determined at the viewpoint of urban
planning in municipalities. To this end, this study proposes the hybrid method of AHP and PROMETHEE. AHP,
a pair comparison, is used in effectively designing a complex decision-making problem and selecting and weighting
evaluation criteria, whereas PROMETHEE, a priority approach, is used in finding grid alternatives at higher risk.
after analyzing the Gwangju case, the proposed method indicates that flood risk hotspots lies in two areas. The
first is located in some grids near a bend of the Mokhyun river. Because this area can be inundated with the high
depth, its development needs to be regulated strictly. The second is located in a joint of the Mokhyun river and
the Gyungan river. Because this area is currently used with a residential purpose and highly populated, it needs
various disaster prevention measures with designation of a special district. This study concludes that the proposed
method has a sufficient possibility as a tool for planning flood disaster prevention, in particular selecting flood risk
hotspots objectively.
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Figure 1_Study Area

Mokhyoon | Hoodeok

songfing

EE Watershed
A Field Survey Place
=* Flow Direction

0 9,700 m

Gwangju
(Mokhyun-cheon)
Area : 20.5km?

SHATE AR A2 A AT =AAE O
ARIRARA AR E= A AHos
arsfor & A olsfishs Hl 2 2ol 2 2oz
T

1, 36 wezol 7
Pelstel Holol 19704 o]F =3ke £A)
A 2] opa%E $ia McoMS] T 71
ARt gl chad o) G, e
¥, 41491 A9, ol Ael B4 Sel o
Zolck, ofgl W= BE BAN] 48T 4 9

= ] 7] mieel 2 SoiE sid A1

B OBl o

=

S0l 5 7 ] e M= Bl & Qs
HHE 2] AP BEEA Sk 2 =wolde

=
Aol TRt et Q1P EE BT AE 31t
o] 91F-g Bl 19IAA & Aok o At
Rl AHPS}F 4-9] 4FgHQ] PROMETHEES
A= Al B FoP|= sieirt. o= AHPS}

PROMETHEE+ Z}Z}0] o] A29] Tidg Helsh
= EAo] 9J7] whEo]ckBilsel, Buyukozkan and Ruan
2006, 1181-1197; Wang and Yang 2007, 3691-3700;
Behzadian, Kazemzadeh, Albadvi, and Aghdasi 2009,
198-215; Macharis, Springael, Brucker and Verbeke
2004, 307-317; Samant, Deshpande and Jadhao 2015,
7175-7178). Saaty(1980; 1986)7} Al&jglar}t 4=5k2] o]
E& A5l AR et AHPS] 732 thekS 417
Ske A FsH ofetl W7l 1He] S8 %
£ AAA o2 Afslol= Wl Alsdiths 4ol
QIct. o]ef| ¥ell, Brans(1982), Brans and Vincke(1985),
Brans and Mareschal(1994) S©] 7J&t%t PROMETHEE
o] 7% tiete] At zlolE Ao g 2|8gho 24
o] thg H7P | o] B/ (Trade-off) Aol T
b o]BAo)ar SRl oA FAE Alsshe
e AYaL le] AHP7F A d A7g12]9] o] B4
o] 721 P44 2] SHA(Guitouni and Martel 1998,
501-521; Ishizaka and Labib 2009, 201-220)& 325}
= ol 783t Aoz g Q.

2 =zollA F 7IHE AAls) 191829 fIAE

o]
A7st] Slsl WA AHPE Fol QAFEA 24

olt -HN'

r

X

ZAE4 B9

oo

x| MAES |5t AHP-PROMETHEE ¢ 53



TEopel WP IEE 7RIS €71= siele
SRS AT 2 A A— oA Algshe 193
He} AHPE Fo =57 HrpIedE
PROMETHEE®] A-83l] 7} 3% tiePd R 11915
Aoz A9 HWP9E HESH|E SI3irh Olt o
S 2ol s7p] GAR LR 5 Qi

o
ﬁ

aFA) EAAS D9FAS 91112
5 728k N2 Al B4, bt 2 P
29 A9]

QEA) BPIES A5 B8 127 15
el BEAS WS BAPIEY A
Fawo] U $YL W 45 et
GEA) 7} Thete] W1 A 2 A
G o AAZRNA A T
de = A FA ol g

@A) 7} ere] el oA o) HEE At
% £ttt e et 210] W)l et 4
7} Aol g Mo o gt

T 7 Hiete] mIFAA RS 49

2. ENel AS =3t

AETzAN optad BAl0) 2R tlefsi| A%
% Qlied), M9IEAS 12 et ] 2

A dge] 2Ape] Sk = mAR0] 98
ob|she Theret 912, v WIS F
A ] §1de] e B Ak BAlR € 4
QIek. ATEhe] BRI digtolel 2 B4 24 9)
o Aol & e olnlshs Aoz, gaAde
AeHe BAlh BRI A4S THESE 7A4

54 =ZEXT X947H(2017. 9)

ol F7re] QA7 theto] HhMeyer, Haase and
Scheuer 2007). v =ollXs I9IARS 27 o]F
ATHAAE 4 Solxe B82S 1|
100mX 100m F7]9] ZAAA9|2 tiehs st =
SHTE E5F AR ofThA 2R ARl
A o = "9 H5ols 2rtE EYE &4
Aol GRS ] Y= AR Aol Al2sl 4
S E0)|14} SHLt FFA] tidA] 2] B¢
oA AlFok= FFHE AEE HIF O = <Figure 2>
oF ol & 9571e] AXE Hiete=w s

W7l Hiot A Al arejsfiop o AR &
A(Attributes)ol] SFHt. ZT 501 2] HIFE9]
Hg 1ol disl] 7iid22] E°] UNISDR(2009)=
FH o= uldH] wf 2 =72 ol§ Farste] A
OH_/H 5._?_/@[ _Iqou% oz Wip|FES EEHo
2 TR F 72t dis AREr IS A6k
o} obZd] EX TAAE, A 59 wof AR
T ZRER]fE Aflete] Bl 9] 2784
= AEsH 4 Bt

ZFH o7 PrPEE <Table 1>7} 7] 38
O] AFo 2 Aot AohEAS] B¢ Wolsd
= Ziohs ZFeEA0A Ylelgol oo £ 31t
o] 1= A= oo, 7t F1te] AR
Uil ofgt 2o Ha=l3od Bk 7]det 2l
ozt 2|off A4=9k100'd ¥k 71599] & 71| AlE3
771 Wrtsh|= st EE/d0] 73 o
T AEZA B B3] Hgol] kE2E AR
Aojetgiom, 7k 33 i ARG gakde] 23k
It EXHA O] &= 712] AFg7 7 |ES arest
Atk o] Foll EAwE9] 739, FUSH HEo]
HAo o, A, Ad- 9T T, =4 T EA
BLof wet AL A 27| dize] Exo]
|AEE RE2HAS TR ARSI Silth

A

F



Figure 2_ Definition of Alternatives in the Hierarchical Structure
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Table 1_Evaluation Criteria Used to Select Flood Risk Hotspots

Criteria Unit Description
H The Degree to Which a Certain Area is Threatened by Flood in Rainfall Conditions
Exceeding Defensive Capacity
* Maxi Inundation Depth fi
Rlaxun;lm dnun avion Bepeh from cm Maximum Inundation Depth from River Flood at 100-year Return Period
ver Floo
* Maximum Inundation Depth From . . . . .
Drai Fail cm Maximum Inundation Depth from Drainage Failure at 30-year Return Period
rainage Failure
E . The Degree to Which a Certain Area is Exposed to Flood in Rainfall Conditions
posun Exceeding Defensive Capacity
* Affected Population per. | Total Number of Population Living in the Flood Inundation Area
* Affected Land - Total Area of Land Included in the Flood Inundation Area
- Residential Land m’ Total Area of Residental Land Included in the Flood Inundation Area
- Commercial & Business Land m’ Total Area of Commercial and Business Land Included in the Flood Inundation Area
- Industrial Land m’ Total Area of Industrial Land Included in the Flood Inundation Area
- Natural & Green Land m’ Total Area of Natural and Green Included in the Flood Inundation Area
L. The Degree to Which a Certain Area is Inherently Sensitive to Flood, Irrespectively
Vulnerability ) of Occurrences of Hazards
* Dist. of Vulnerable Building # Total Number of Old(Aged over 30 Years) or Underground Buildings in the Area
Total Number of Urban Facilities to be Protected Importantly from Flood, Including
* Dist. of Critical Facility # Lifeline Facilities(Water, Electricity, and Gas Supply), Waste Disposal Facilities, Water
Pollution Control Facilities, Public Offices, and Medical Facilities
* Dist. of Road m Total Length of Road
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Table 2 _Performance Table for Alternatives

Evaluation
Criteria j 1 2 3 4 5 6 7 8 9 10
Alternatives k

1 353 0 7 0 0 0 1,715 0 0 137

2 353 0 18 0 0 0 3,897 0 0 116

3 128 0 68 0 0 0 1,604 0 0 129

4 164 0 7 0 0 0 3,278 0 0 131

93 50 0 190 5,121 0 0 0 3 0 275

94 50 0 372 8,038 0 0 0 3 0 224

95 50 0 147 5,237 0 0 535 0 0 237

Note: Evaluation Criterion is Respectively Maximum Inundation Depth from River Flood(j = 1), Maximum Inundation Depth from Inland
Flood(j = 2), Affected Population(j = 3), Affected Residential Land(j = 4), Affected Commercial & Business Land(j = 5), Affected
Industrial Land(j = 6), Affected Natural & Green Land(j = 7), Dist. of Vulnerable Buildings(j = 8), Dist. of Critical Facilities
(G = 9), and Dist. of Roadj = 10)
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Table 3_Weights of Evaluation Criteria

Criteria Unit Local Weight(%) Global Weight(%)
Disaster Characteristics - 36.4 36.4
* River Max Inundation Depth cm 45.4 16.5
* Inland Max Inundation Depth cm 54.6 19.9
Exposure Characteristics - 27.3 27.3
* Residential Area per. 53.7 24
* Land Exposure - 16.4 4.5
- Residential Area m’ 53.7 24
- Commercial Business Area m’ 27.7 1.2
- Industry Area m’ 14.2 0.6
- Natural Green Area m’ 4.4 0.2
Vulnerability - 36.3 36.3
* Vulnerable Building # 46.5 169
* Protective Facility # 422 15.3
* Road Length m 114 4.1
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Table 4 _Example of Calculation of Preference Flows

W(l"g,l‘t )
o' (2,)

(1’1) (1'2) (%) (%3) (I94) (%5)
(z,) 0.00 0.00 0.11 0.14 0.00 0.14 0.18
(z,) 0.14 0.00 0.11 0.14 0.00 0.14 0.21
€ 0.20 0.17 0.00 0.10 0.00 0.10 0.19
(293) 042 041 035 0.00 0.00 0.22 0.35
(2g4) 043 042 0.39 0.12 0.00 031 0.37
(245) 0.25 0.24 0.16 0.00 0.00 0.00 0.22

o (x,) 0.20 0.18 0.22 0.12 0.03 0.18
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Figure 3_Selection of Flood Risk Hotspot

N e o=
===
c —om | 100x100 Grid data
Table 5_ Characteristics of Flood Risk Hotspots
Hazard Exposure Vulnerability
. . Land
.. . rom m i
szjﬂ;y foﬁl(ier ?ll(‘srd l)I?rrlnuarie Fopulacion Residential Ogun:uriess& Industrial 31:13(:::21 — 1:?:;?:5 foad
m m people m’ m’ m’ m’ # # m
1 94 0.50 0.00 372 8,037.7 0.0 0.0 0.0 3 0 224
2 18 5.02 0.00 63 0.0 0.0 0.0 1,635.7 3 0 58
3 21 3.14 0.00 118 0.0 0.0 0.0 1,398.0 3 0 13
4 59 0.50 0.00 256 3,124.5 0.0 0.0 0.0 15 0 342
5 72 0.50 0.00 207 5,506.8 0.0 0.0 0.0 22 0 180
6 20 3.14 0.00 49 0.0 0.0 0.0 4,265.4 2 0 159
7 80 0.65 0.00 192 1,317.1 0.0 0.0 0.0 4 0 283
8 54 0.50 0.00 698 34.3 0.0 0.0 708.8 2 0 221
9 81 0.50 0.00 178 4,053.6 0.0 0.0 0.0 5 0 295
10 93 0.50 0.00 167 8,261.4 0.0 0.0 0.0 0 0 316
Note: [ ] group 1; [__] group 2
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