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A Study on Potential Flood Damage Classification
and characteristic analysis
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ABSTRACT : Climate change is intensifying storms and floods around the world. Where nature has been destroyed by development,
communities are at risk from these intensified climate patterns. This study was to suggest a methodology for estimating flood
vulnerability using Potential Flood Damage(PFD) concept and classify city/county about Potential Flood Damage(PFD) using various
typology techniques. To evaluate the PFD at a spatial resolutions of city/county units, the 20 representative evaluation indexing
factors were carefully selected for the three categories such as damage target(FDT), damage potentia(FDP) and prevention
ability(FPA). The three flood vulnerability indices of FDT, FDP and FPA were applied for the 167 cities and counties in Korea for
the pattern classification of potential flood damage. Potential Flood Damage(PFD) was classified by using grouping analysis, decision
tree analysis, and cluster analysis, and characteristics of each type were analyzed. It is expected that the suggested PFD can be

utilized as the useful flood vulnerability index for more rational and practical risk management plans against flood damage.
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Table 1. Classification of flood damage factors
Category Index Source Reference year
Population density (FPD) 2015
Ratio of elderly population (FEPR) 2015
Damage target Ratio of farm population (FFPR) KOSIS 2015
(FDT) Ratio of basic livelihood security population (FBSR) 2015
Cultivated area (FCA) 2015
Forest area (FFA) 2015
Stream area (FSA) KOSIS 2015
Impervious ratio (FIR) KOSIS 2015
Damage Natural disaster hazardous areas (FNHA) NDIC 2015
possibility Number of flood damage(10year) (FFD) Annual Report on Disasters 2006-2015
(FDP) Number of days over precipitation 100 mm/day(30years) (FPR) KMA 1981-2010
Probability precipitation(10year) (FPP) KPFDS -
Storm and flood damage density of farmland(10year) (FDA) Annual Report on Disasters 2006-2015
Ratio of sewerage installation (FDR) Statistics of Sewerage 2015
Benefitted area by irrigation facilities (FBA) Statistical Yearbook of Land 2015
and Water Development for
Prevention Number of reservoir (FNR) Agriculture 2015
ability Storage capacity for rainwater recycling facility (FSR) Statistics of Sewerage 2015
EPA) Retarding basin area (FRBA) Statistics of Sewerage 2015
Number of medical institutions (FNMI) KOSIS 2015
Financial independence rate (FFIR) KOSIS 2015

* Korean statistical information service (KOSIS), National disaster information center (NDIC), Korea meteorological administration

(KMA), Korea precipitation frequency data server (KPFDS)
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A : This group requires the strengthening of the flood prevention facility and focus on the structural measures for flood prevention

" group ‘A’

 This group requires the strengthening of the flood prevention facility but to be considered the regional conditions compared to

 This group requires the establishment of the flood prevention facility but non-structural measures and flood safety measures

" considering the regional conditions are needed rather than structural measures

D : This group requires the flood safety measures considering the regional conditions

This group requires the establishment of the flood prevention facility and increase of the flood control, but needs to be

considered the structural and the non-structural measures in parallel

This group requires the establishment of the flood prevention facility but non-structural measures should be prioritized

G : This group requires the focus on non-structural measures for flood control

H : This group requires the flood safety measures and the eco-friendly projects in parallel

Figure 1. Direction of flood control measures by group for potential flood damage(Kim et al.,
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Figure 2. Regional pattern classification of damage target, damage possibility and prevention ability
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Figure 3. Regional pattern classification of 3D group for potential flood damage

Table 2. The results of 3D group for potential flood damage

Category A B C D E F H Sum
Metropolitan city 2 1 3 6 13
Gyeonggi-do 2 9 5 13 2 31
Gangwon-do 5 6 1 4 2 18
Chungcheongbuk-do 4 1 2 1 1 2 11
Chungcheongnam-do 1 6 3 2 3 15
Jeollabuk-do 2 5 2 3 1 1 14
Jeollanam-do 9 3 1 1 2 2 22
Gyeongsangbuk-do 13 5 2 3 23
Gyeongsangnam-do 1 1 6 2 7 1 18
Jeju-do 2 2
Sum 14 39 22 17 11 13 31 20 167
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Figure 5. Regional pattern classification of decision tree analysis for potential flood damage
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Table 3. The results of group decision tree analysis for potential flood damage

Category ! 11 Il \i v VI Sum
Metropolitan city 5 4 1 3 13
Gyeonggi-do 1 20 1 8 1 31
Gangwon-do 5 4 5 1 3 18
Chungcheongbuk-do 6 4 1 11
Chungcheongnam-do 4 1 8 1 1 15
Jeollabuk-do 4 5 2 2 1 14
Jeollanam-do 5 5 9 2 1 22
Gyeongsangbuk-do 19 2 2 23
Gyeongsangnam-do 1 2 6 1 7 18
Jeju-do 2 2
Sum 50 27 36 21 24 9 167
W%E
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Figure 6. Regional pattern classification of K-means analysis for potential flood damage

Table 4. The results of K-means analysis for potential flood damage

Category | Il 1l v v VI VIl VIl Sum
Metropolitan city 5 2 3 2 1 13
Gyeonggi-do 12 6 13 2 33
Gangwon-do 4 2 7 2 16
Chungcheongbuk-do 2 6 3 11
Chungcheongnam-do 2 5 7 1 15
Jeollabuk-do 6 4 4 14
Jeollanam-do 1 10 3 8 22
Gyeongsangbuk-do 1 3 19 23
Gyeongsangnam-do 1 1 11 5 18
Jeju-do 2 2
Sum 1 27 8 51 46 2 30 2 167
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Appendix 1. The results of PFD (potential flood damage) calculation and three typology by si/gun unit

_ _ _ Damage Dar_nggf: Prevention The results of typology
Metropolitan city/Do Si/Gun (t;l]‘%%t) p()(Sf?g)]l)l)l vy ?Egg 3D group Decision tree | Custer analysis
Seoul 1.11 10.4 -2.91 C v VI
Busan -1.16 13.74 -5.28 G v VI
Busan Gijang-gun -4.38 0.42 3.98 E 11 Il
Daegu -1.46 2.9 -5.65 H | 11
Daegu Dalseong-gun -3.19 3.1 -3.23 H [ Il
Incheon -3.12 1.78 -2.78 G Vv Vv
Incheon Ganghwa-gun 2.05 1.14 -0.1 C I VI
Incheon Ongjin-gun -3.08 -3.37 3.06 F [ Il
Gwangju -2.8 1.37 -4.86 G II
Daejeon -2.92 -0.35 -5.25 H 11 v
Ulsan -5.03 -1.95 -4.79 H | 11
Ulsan Ulju-gun -3.31 -1.6 -0.08 H [ 11
Sejong -3.67 -0.49 2.1 H 11 11
Gyeonggi-do Suwon-si -2.93 1.51 -3.64 G Vv Vv
Gyeonggi-do Seongnam-si -3.89 0.35 -4.94 G 11 v
Gyeonggi-do Uijeongbu-si -3.71 0.22 6.95 E Il Il
Gyeonggi-do Anyang-si -2.98 0.86 5.83 E 11 Il
Gyeonggi-do Bucheon-si -0.54 3.19 -0.37 G v v
Gyeonggi-do Gwangmyeong-si -3.43 0.86 -0.78 G 11 11
Gyeonggi-do Pyeongtack-si -2.98 0.26 -1.84 G 11 v
Gyeonggi-do Dongducheon-si -4.13 1.46 2.29 E Il Il
Gyeonggi-do Ansan-si -4.47 0.57 1.73 E 11 11
Gyeonggi-do Goyang-si -4.31 2.95 -0.98 G v v
Gyeonggi-do Gwacheon-si -6.07 -0.72 7.68 F Il I
Gyeonggi-do Guri-si -4.44 0.55 322 E 11 Il
Gyeonggi-do Namyangju-si -4.72 0.75 -2.73 G 11 v
Gyeonggi-do Osan-si -5.13 0.76 1.85 E 11 11
Gyeonggi-do Siheung-si -5.62 -0.04 0.05 F 11 11
Gyeonggi-do Gunpo-si -3.84 0.34 2.49 E Il Il
Gyeonggi-do Uiwang-si -5.94 -0.51 0.89 F 11 11
Gyeonggi-do Hanam-si -5.74 -0.49 22 F 11 11
Gyeonggi-do Yongin-si 4.4 -0.05 -1.18 H Il Il
Gyeonggi-do Paju-si -3.08 371 24 G v
Gyeonggi-do Icheon-si 2.9 1.39 -1.62 G 11 v
Gyeonggi-do Anseong-si -1.91 -1.42 -0.94 H [ 11
Gyeonggi-do Gimpo-si -4.73 4.49 -3.03 G v v
Gyeonggi-do Hwaseong-si -3.04 -0.21 1.41 F Il Il
Gyeonggi-do Gwangju-si -4.97 1.31 -1.23 G 11 Vv
Gyeonggi-do Yangju-si -4.41 1.04 1.51 E 11 11
Gyeonggi-do Pocheon-si -1.5 2.6 2.44 E VI VIl
Gyeonggi-do Yeoju-si -0.89 4.06 -1 G v v
Gyeonggi-do Yeoncheon-gun 0.25 1.59 -0.84 C v v
Gyeonggi-do Gapyeong-gun 1.12 0.92 -0.03 C Il VIl
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_ _ _ Damage Dar_nggf: Prevention The results of typology
Metropolitan city/Do Si/Gun (t;%% p()(Sf?g)]l)l)l vy ?Egg 3D group Decision tree | Custer analysis
Gyeonggi-do Yangpyeong-gun -0.08 2.75 -3.45 G v v
Gangwon-do Chuncheon-si -0.45 2.54 -1.72 G v v
Gangwon-do ‘Wonju-si -1.47 0.74 -1.75 G Il Vv
Gangwon-do Gangneung-si -0.24 -0.93 1.64 F v VI
Gangwon-do Donghae-si -3.7 -3.04 4.68 F [ I
Gangwon-do Taebaek-si -3.29 -5.19 7.98 F [ Il
Gangwon-do Sokcho-si -2.98 -4.43 0.63 F I 1
Gangwon-do Samcheok-si 1.84 -1.09 0.31 B I \4
Gangwon-do Hongcheon-gun 43 5.01 1.01 A VI VI
Gangwon-do Hoengseong-gun 2.52 0.19 1.35 A I\ Vil
Gangwon-do Yeongwol-gun 1.92 0.65 1.71 A v VIl
Gangwon-do Pyeongchang-gun 3.24 9.82 0.03 A VI VIl
Gangwon-do Jeongseon-gun 2.16 -1.2 -0.43 D Il VIl
Gangwon-do Cheorwon-gun 1.51 -0.42 0.3 B Il v
Gangwon-do Hwacheon-gun 0.87 -0.57 421 B v v
Gangwon-do Yanggu-gun 0.51 -0.66 2.29 B \4 VIl
Gangwon-do Inje-gun 3.12 8.84 3.46 A VI VIl
Gangwon-do Goseong-gun 0.44 -3.86 0.26 B | v
Gangwon-do Yangyang-gun 2.02 -2.06 4.06 B [ VIl
Chungcheongbuk-do Cheongju-si -1.23 0.71 -4.25 G Il v
Chungcheongbuk-do Chungju-si 0.37 0.26 -3.21 C | V
Chungcheongbuk-do Jecheon-si 0.15 -1.07 -1.14 D Il v
Chungcheongbuk-do Boeun-gun 2.34 -3.06 1.05 B [ v
Chungcheongbuk-do Okcheon-gun 0.57 -2.02 -1.56 D I \4
Chungcheongbuk-do | Yeongdong-gun 242 -2.21 0.19 B [ v
Chungcheongbuk-do Jincheon-gun -2.63 -1.96 -0.88 H [ 11
Chungcheongbuk-do Goesan-gun 3.49 -0.3 1.95 B v v
Chungcheongbuk-do Eumseong-gun -0.55 -0.87 -1.34 H Il v
Chungcheongbuk-do Danyang-gun 1.83 -2.27 0.68 B [ \4
Chungcheongbuk-do | Jeungpyeong-gun 4.1 -3.39 1.36 F [ 11
Chungcheongnam-do Cheonan-si -2.97 0.79 -1.78 G 11 v
Chungcheongnam-do Gongju-si 1.19 0.38 -1.54 C Il V
Chungcheongnam-do Boryeong-si 0.74 0.61 -1.39 C Il v
Chungcheongnam-do Asan-si -2.87 -1.49 -0.73 H [ 11
Chungcheongnam-do Seosan-si 0.44 -1.39 -0.64 D [
Chungcheongnam-do Nonsan-si 1.22 0.17 -3.95 C Il v
Chungcheongnam-do Gyeryong-si -6.71 -3.01 -0.97 H [ Il
Chungcheongnam-do Dangjin-si -0.67 0.29 -1.58 G Il Vv
Chungcheongnam-do Geumsan-gun 0.55 -1.69 -1.71 D [ v
Chungcheongnam-do Buyeo-gun 3.61 1.63 -2.01 C V VIl
Chungcheongnam-do Seocheon-gun 0.87 0.92 -1.12 C Il v
Chungcheongnam-do | Cheongyang-gun 2.71 -0.04 -1.1 D Il v
Chungcheongnam-do | Hongseong-gun -0.17 -1.17 -1.16 H Il v
Chungcheongnam-do Yesan-gun 1.55 1.15 -1.47 C Il v

34

SZHE, M233 M3, 2017



N FAEEAS fE8 2 SR
_ _ _ Damage Dar_nggf: Prevention The results of typology
Metropolitan city/Do Si/Gun (t;%% p()(Sf?g)]l)l)l vy ?Egg 3D group Decision tree | Custer analysis

Chungcheongnam-do Taean-gun 0.14 -1.32 1.37 B v v
Jeollabuk-do Jeonju-si -2.57 -0.08 271 H I v
Jeollabuk-do Gunsan-si -1.28 4.66 -1.99 G Vv Vv
Jeollabuk-do Iksan-si 1.01 0.69 -4.02 C Il v
Jeollabuk-do Jeongeup-si 3.63 -0.28 0.44 B \4 VIl
Jeollabuk-do Namwon-si 3.81 0.17 0.99 A v VIl
Jeollabuk-do Gimje-si 5.59 3.49 1.08 A VI Vil
Jeollabuk-do Wanju-gun 1.14 4.61 -1.71 C V V
Jeollabuk-do Jinan-gun 3.84 -1.37 -0.23 D [ v
Jeollabuk-do Muju-gun 2.38 -3.02 -0.38 D [ v
Jeollabuk-do Jangsu-gun 3.54 -2.34 1.17 B [ v
Jeollabuk-do Imsil-gun 4.2 -0.79 -0.41 D Il v
Jeollabuk-do Sunchang-gun 321 -1.59 0.61 B [ \4
Jeollabuk-do Gochang-gun 4.42 -0.23 0.35 B Il VIl
Jeollabuk-do Buan-gun 4.26 -1.08 0.43 B Il v
Jeollanam-do Mokpo-si -2.52 -2.39 -1.67 H [ Il
Jeollanam-do Yeosu-si -2.36 0.06 0.29 E Il v
Jeollanam-do Suncheon-si -0.93 1.51 -3.59 G v v
Jeollanam-do Naju-si 2.48 091 -1.87 C Il VIl
Jeollanam-do Gwangyang-si -3.58 2.48 -0.8 G v v

Jeollanam-do Damyang-gun 1.47 0.11 -0.22 C |
Jeollanam-do Gokseong-gun 3.56 -0.21 0.9 B v v
Jeollanam-do Gurye-gun 2.63 -0.97 1.46 B I\ v
Jeollanam-do Goheung-gun 6.15 5.8 0.98 A VI VIl
Jeollanam-do Boseong-gun 44 0.83 1.45 A v VI
Jeollanam-do Hwasun-gun 1.65 0.52 -0.34 C Il Vil
Jeollanam-do Jangheung-gun 3.76 1.14 1.73 A v VIl
Jeollanam-do Gangjin-gun 322 -1.38 1.71 B [ I\
Jeollanam-do Haenam-gun 6.47 -1.15 2.81 B \4 \4
Jeollanam-do Yeongam-gun 1.51 -0.45 1.32 B v v
Jeollanam-do Muan-gun -0.06 =277 -0.28 H [ v
Jeollanam-do Hampyeong-gun 37 -2.64 1.23 B [ \4
Jeollanam-do Yeonggwang-gun 2.63 -1.54 1.11 B [ v
Jeollanam-do Jangseong-gun 2.61 -0.23 -1.33 D Il v
Jeollanam-do ‘Wando-gun 0.12 0.82 1.24 A v VIl
Jeollanam-do Jindo-gun 3.54 -1 2.68 B v VI
Jeollanam-do Sinan-gun 4.57 -0.23 1.05 B \4 VIl
Gyeongsangbuk-do Pohang-si -0.28 -1.89 -0.02 H [ v
Gyeongsangbuk-do Gyeongju-si 1.84 -0.67 0.72 B I\ v
Gyeongsangbuk-do Gimcheon-si 2.37 -4 -0.66 D [ \4
Gyeongsangbuk-do Andong-si 4.1 -0.61 -0.51 D Il v
Gyeongsangbuk-do Gumi-si -3.59 -3.21 -1.54 H | 11
Gyeongsangbuk-do Yeongju-si 1.64 -3.41 0.7 B [ v
Gyeongsangbuk-do Yeongcheon-si 29 -3.66 -2.16 D [ v

Vol. 23, No. 3, 2017

35



e AN MEE

_ _ _ Damage Dar_nggf: Prevgntion The results of typology
Metropolitan city/Do Si/Gun (t;%% p()(Sf?g)]l)l)l vy ?Egg 3D group Decision tree | Custer analysis

Gyeongsangbuk-do Sangju-si 5.27 -1.79 -0.75 D [ v
Gyeongsangbuk-do Mungyeong-si 2.67 -0.66 0.03 B Il v
Gyeongsangbuk-do Gyeongsan-si -2.98 -4.22 -1.09 H [ 11
Gyeongsangbuk-do Gunwi-gun 3.38 -5.06 1.63 B [ v
Gyeongsangbuk-do Uiseong-gun 7.61 -1.75 0.5 B [ \4
Gyeongsangbuk-do | Cheongsong-gun 5.19 -4.48 1.19 B [ v
Gyeongsangbuk-do Yeongyang-gun 5.55 -5.73 297 B [ v
Gyeongsangbuk-do Yeongdeok-gun 3.36 -2.48 -1.44 D [ \4
Gyeongsangbuk-do Cheongdo-gun 3.02 -2.54 0.99 B [ v
Gyeongsangbuk-do Goryeong-gun 0.27 -1.21 1.2 B v I\
Gyeongsangbuk-do Seongju-gun 1.57 -1.78 0.69 B [ v
Gyeongsangbuk-do Chilgok-gun -3.12 -4.41 241 F [ Il
Gyeongsangbuk-do Yecheon-gun 4.87 -2.39 222 B [ \4
Gyeongsangbuk-do Bonghwa-gun 6.21 -4.05 3.61 B [ v
Gyeongsangbuk-do Uljin-gun 2.49 -4.27 1.38 B | v
Gyeongsangbuk-do Ulleung-gun -4.27 -7.11 24.04 F [ [
Gyeongsangnam-do Jinju-si -1.76 1.34 -1.65 G Il v
Gyeongsangnam-do Tongyeong-si -4.52 0.54 -2.51 G 11 v
Gyeongsangnam-do Sacheon-si -2.31 0.47 -1.06 G Il Vv
Gyeongsangnam-do Gimhae-si -4.51 1.63 -0.69 G v v
Gyeongsangnam-do Miryang-si 0.57 -0.43 -3.14 D | V
Gyeongsangnam-do Geoje-si -5.62 3.13 -0.47 G Vv Vv
Gyeongsangnam-do Yangsan-si -4.86 -0.7 -3.42 H 11 11
Gyeongsangnam-do Changwon-si -3.49 348 -3.97 G V V
Gyeongsangnam-do Uiryeong-gun 1.26 1.9 -1.73 C v
Gyeongsangnam-do Haman-gun -2.14 0.85 -1.44 G Il
Gyeongsangnam-do | Changnyeong-gun 0.32 4.35 -1.1 C Vv
Gyeongsangnam-do Goseong-gun 0.66 0.83 -0.72 C Il VI
Gyeongsangnam-do Nambhae-gun 0.72 43 -1.51 C V V
Gyeongsangnam-do Hadong-gun 2.13 3.15 -2.18 C Vv VIl
Gyeongsangnam-do Sancheong-gun 3.15 2.64 1.1 A VI VI
Gyeongsangnam-do Hamyang-gun 2.48 -0.12 0.55 B \4 VIl
Gyeongsangnam-do Geochang-gun 1.35 -1.74 -1.36 D [ v
Gyeongsangnam-do Hapcheon-gun 4.07 1.06 -0.89 C Il VIl

Jeju-do Jeju-si 0.38 3.95 1.14 A VI VIl

Jeju-do Seogwipo-si 1.57 4.57 2.86 A VI VI
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