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Abstract

Owing to climate change, the annual precipitation in Korea has increased since the 20th century, and it is projected to continue increasing
in the future. This trend of increasing precipitation will raise the possibility of floods; hence, it is necessary to establish national
adaptation plans for floods, based on a reasonable flood risk assessment. Therefore, this study focuses on developing a framework that
can assess the flood risk across the country, as well as computing the flood risk index (FRI). The framework, which is based on [IPCC
ARS5, is established as a combination of three indicators: hazard, exposure, and capacity. A data-based approach was used, and the
weights of each component were assigned to improve the validity of the FRI. A Spearman correlation analysis between the FRI and flood
damage verified that the index was capable of assessing potential flood damage. When predicting scenarios for future assessment using
the HadGEM3-RA based on RCP 4.5 and 8.5, the flood risk tends to be lower in the early and mid-21st century, and it becomes higher
at the end of the 21st century as compared with the present.
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Table 1. Classification of importance using the pearson correlation
coefficient

Pearson correlation coefficient r Importance w
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Table 2. List of FRI components

Indicator Division Component Char. Source Year
h -
Climate 1 day peak 1 KMA 1966-2016
Hazard & 3 day peak hs KMA 1966-2016
Meteorology Heavy rain days (80 mm/day) hs KMA 1966-2016
Population density e, KOSIS 2014
Life
Olds and kids (65 1 and 5 |) €y KOSIS 2017
Asset density (Urbanization) €3 KOSIS 2016
Houses vulnerable to flood ey KOSIS 2015
Exposure
Underground shopping center area €s KOSIS 2016
Asset
Traditional market area €6 KOSIS 2016
Cultural assets €, KOSIS 2016
Production area (paddy, farm, etc.) €g KOSIS 2015
Channel-Segment Frequency cy WAMIS 2011
Green belt area Cy KOSIS 2017
Forest area C3 KOSIS 2017
Stream shape factor Cy WAMIS 2011
Basin slope Cy WAMIS 2016
Adaptfve Precipitation and water level observatory Cg WAMIS 2009
capacity
Dam storage [ KNCOLD 2017
Capacity River improvement rate Cg KOSIS 2014
Per capita income Cqy KOSIS 2015
Financial self-reliance ratio C1o KOSIS 2017
Investment on flood control Cyy WAMIS 2009-2013
Sewered population percentage Cio KOSIS 2015
) Rainwater pump capacity C13 WAMIS 2013
Coping
capacity Retarding basin area Cyy KOSIS 2017
Available manpower in emergency
Cis
(police, firefighter) ! KOSIS 2017
2 5P S0l 2 e Azl @ AT 2 el o] T4 T 71 S A U] @ 2hE O] A5t 8 @ stk whebA o]
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wolstock Seker st o
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27151
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A= 1 km A2 E19] BT EE A 297 ¢ 5
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RCP4.5+=
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o]-g-513irt.
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+ £ HiETo] @A E T -
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oA RS El=A], AR SFol| wHt o B A RietsheA]

AR} vl mgom 1 A LA,

3.2 A= 22|12} 7= 29

el A 7] @455 FALS A17)17] floid SFEEE
S 1A FoF Rttt b, b, O TE AR E o B
2 F3 A7} Gumbel EE7F A= b, 7 by B 95% A=
oA FolohA =42 4= AT Gumbel F-3Z+= GEV &
3L (Generalized Extreme Value distribution)2] 4=t 3 €l
2H Seue A Atme] ARt Ao w g glom

o] g A=) M 95% A =|5zol 4 olgict. SIo) 84 A

= Eq. 3)¥ Zo] FALeL H A k2 o5 A&
o] 84 AREL Eq. ()2 5ol #2935} H31 T, o1 S AR
o Aok A TS APtk A7 Dol2 £ 0E A=
EHASAEE B0 SA B A2 2 AT4R,

HAE % Q T 0} 7}52] = Table 39| 7|25 o] Qleh 2| &
2450 FAEI} RE ZOHMEAE FUst, & A

Table 3. Importance and weights of the components

Indicator Division Component Abbr. Importance Weight
h
Climate 1 day peak 1 6 0.316
Hazard & 3 day peak h, 6 0.316
Metrology Days of heavy rain (80 mm/day) b 7 0.368
Population density e 6 0.136
Life
Olds and kids (65 1 and 5 | ) €y 5 0.114
Asset density (Urbanization) €3 7 0.159
Houses vulnerable to flood €, 5 0.114
Exposure
Underground shopping center area es 1 0.023
Asset
Traditional market area €6 7 0.159
Cultural assets e 7 0.159
Production area (paddy, farm, etc.) g 6 0.136
Stream frequency C 3 0.050
Green belt area Cy 6 0.100
Forest area Cy 5 0.083
Stream shape factor Cy 1 0.017
Basin slope Cs 1 0.017
Adaptive .
. Precipitation and water level observatory Co 1 0.017
capacity
Dam storage Cy 2 0.033
Capacity River improvement rate Cy 1 0.017
Per capita income Cy 7 0.117
Financial self-reliance ratio C1o 7 0.117
Investment on flood control C1y 5 0.083
Sewered population percentage Cio 7 0.117
. Rainwater pump capacity Ci3 6 0.100
Coping
capacity Retarding basin capacity Ciy 3 0.050
Available m@power in emergency e 5 0.082
(police, firefighter)
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Fig. 3. Spatial distribution of hazard, exposure, and capacity for the present
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(@) FRI (b) Flood damage (2007~2016)
Fig. 4. Comparison between the estimated FRI and observed flood damage (2007~2016)
Table 4. Spearman correlation coefficient
Case Total Hangang Nakdonggang Geumgang Sumjingang Yeongsangang
No weight 0.382 0.278 0.395 0.579 0.900 0.644
With weight 0.526 0.440 0.495 0.784 0.886 0.727
YS9 OR ER Ao 2 3jshE YFATI= 0] 3.4 020 B4 E Bt
UE T AMES 2 Ao A AFSH QoA 3o Al a4 = HA Aaglzol & Aol A= 1 km A2 9] 5351
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nsfjof] 2 A 0= 712 = FFe wefs] flshid 74 84
= AR Rste] wh g n] sl S a v mhefsforeitt.
dE 50, e A G| I Gl 7T ol S sl
o] oA Helst=A] Astofof ¢<rH I gFo] F5u] ]
ol mjAlE FFe & 4 U2 Aotk SR £ Aol A=
dlojefo] o) ghA= %

gH/geEit olel gt 24 e AL F= YL B oAk

5] 2ot

B Al gHgtom, o] 2 Aol AHgs] fleliA TS
H P 7S AXSITH HadGEM3-RA = A1 @ 7|7 5 gHat
T 7o) i Bt 9 A HSE abH o 2 aakeh=
Z10 2 B E|X| T Huang et al., 2015; Oh et al., 2016), T}
2 37} 71998 35 A9 715 BE AU 2(RegCM4,
SNURCM, GRIMs, WRF)&} H| W 2 Z|of] 732 o}
& 7AZsHA Aetal Qs Ao SRIEITHKim ef al.,
2015).2030,2050 12|17 2080 A HHE FH 22 Frleh =
&4 918 == Figs. 5 and 6°] YEL 9lom, AAE 2kt
7k 71708 F 1 /491 371 9 oF9] 37) 2] -2 Tables 5
and 691, Z+ 7]7te] W, |4, F| o $18 = Tables 7 and
8ol 715 =] o] Qlet. mlEf A=) 3L F 7t FAHE 0 & of
DA BEE T A|7ro] 245 o] BA| Hstoh=2] B4 5t3
3, B 7|58} A-50] Ao} Hl W 2A4-S Fof 2 A
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(b) 2050

Tns 307
(c) 2080

Fig. 5. Future FRIs predicted using HadGEM3-RA for RCP 4.5
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Fig. 6. Future FRIs predicted using HadGEM3-RA for RCP 8.5
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Case Rank Present 2030 2050 2080
1 Seoul Suyeonggang Suyeonggangr Seoul
Highest 2 West coast of Hangang Sinan-gun Seoul Suyeonggang
3 Suyeonggang Seoul West coast of Hangang West coast of Hangang
1 Mt. Geumgang dam Mt. Geumgang dam Mt. Geumgang dam Mt. Geumgang dam
Lowest 2 Paldang dam Paldang dam Paldang dam Paldang dam
3 Downstream of Downstream of Downstream of Downstream of
Daecheong dam Daecheong dam Daecheong dam Daecheong dam

Table 6. Highest and lowest FRI basins predicted using HadGEM3-RA for RCP 8.5

Case Rank Present 2030 2050 2080
1 Seoul Sinan-gun Suyeong river Seoul
Highest 2 West coast of Han river Seoul Seoul Suyeong river
3 Suyeong river West coast of Han river Sinan-gun West coast of Han river
1 Mt. Geumgang dam Mt. Geumgang dam Mt. Geumgang dam Mt. Geumgang dam
Lowest 2 Paldang dam Paldang dam Paldang dam Paldang dam
3 Downstream of Downstream of Downstream of Downstream of
Daecheong dam Daecheong dam Daecheong dam Daecheong dam

Table 7. FRI statistics predicted using HadGEM3-RA for RCP 4.5

Case Present 2030 2050 2080
Mean 0.5623 0.5308 0.5614 0.5664
Max 0.2018 0.1791 0.1906 0.1895
Min 0.8538 0.8352 0.8737 0.8635
Table 8. FRI statistics predicted using HadGEM3-RA for RCP 8.5
Case Present 2030 2050 2080
Mean 0.5623 0.5469 0.5254 0.5636
Max 0.2018 0.1814 0.1799 0.1895
Min 0.8538 0.8063 0.7873 0.8635
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Fig. 7. Trends of hazard components with HadGEM3-RA
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