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ABSTRACT

This study estimated the number of semi-basement households in Seoul and evaluated their flood vulnerability at the
administrative dong level, taking various factors into consideration. Vulnerability assessment indicators, including the
percentages of semi-basement households, were selected based on previous studies and consisted of a total of 26 indicators,
considering exposure, sensitivity, and adaptability. Social, economic, environmental, and integrated flood vulnerability were
all considered in multidimensional evaluation of both flood vulnerability and the multidimensionality of damage. Vulnerability
assessment was conducted by calculating and evaluating vulnerability for each dimension. Subsequently, integrated flood
vulnerability was assessed by summing the values of the social, economic, and environmental categories and interpreted in
comparison to flood inundation maps. The evaluation results showed that in all vulnerability categories, more than half of
the administrative dongs in Seoul exhibited high vulnerability. For social flood vulnerability, in particular, the highest number
of administrative dongs had a "very high" rating among the four vulnerability categories, indicating a significant potential for
population and social system damage in the event of a flood. Additionally, integrated flood vulnerability exhibited very high
results in Seoul's southwestern and northeastern areas. These study findings are expected to contribute to region-specific flood
response and policy prioritization aimed at reducing semi-basement dwelling damage. Furthermore, identifying the number of
semi-basement households in Seoul and demonstrating their societal flood vulnerability can be utilized as valuable data for

the purpose of reducing damage to such households.
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(a) Flooded roads near daechi station in Gangnam-gu
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(b) Flooded semi-basement house in Gwanak-gu

Fig. 1. Flood damage in Seoul
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Table 1. Flood vulnerability assessment indicators
Components Indicators
Population density The number of people living in the area
Transportation Percentage of road, rail, airport area
Exposure
Percentage of environmental infrastructure, education and
Infrastructure . . .
administrative facilities area
Semi-basement household Percentage of semi-basement and basement residential household
One person household Percentage of one person household
Social Susceptibility
Elder population Percentage of population above age 65
Child population Percentage of population under age 5
Civil servant Percentage of civil servants per population
. Evacuation facility Number of civil defense evacuation facilities
Resilience
. . Number of general hospital, hospital, oriental medicine clinic, and
Medical facility .
public health center
Residential area Percentage of residential area
Exposure Commercial area Percentage of commercial area
Industrial area Percentage of industrial area
Economic Low-income group Percentage of recipients of the national basic livelihood security
Susceptibility . 1-(percentage of highly educated people with college degrees or
Education level .
higher)
Resilience Land value Mean of officially assessed individual land price
Daily maximum precipitation |5 year average of the largest amount of precipitation in the year
Exposure
Number of heavy rain days 5 year average of days with precipitation above 80mm
Natural disaster risks zoned Percentage of natural disaster risks zoned area
Landslides risk area Percentage of landslides risk level 1 and 2 area
Waterfront area Percentage of area within 100 m of river boundary
Environmental Susceptibility
Slope Mean of the slope
Impervious area Percentage of impervious area
Flood expectation area Percentage of flood expectation area
Park and green space Percentage of park and green space area
Resilience
Stormwater facility Number of stormwater facility such as bioswale, infiltration trench
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Fig. 2. Semi—-basement household of Seoul
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Table 2. Flood vulnerability classes

Index value range Vulnerability classes
< 0.01 very low
0.01 - 025 low
025 - 0.50 medium
050 - 0.75 high
0.75 - 1.00 very high

Balica et al. (2013)
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Table 3. Social FVI top 10 dong

Ranking Dong Vulnerability
1 Yongdap-dong, Seongdong-gu 1.00000
2 Daerim 2-dong, Yeongdeungpo-gu 0.96270
3 Garibong-dong, Guro-gu 0.93312
4 Eungam 3-dong, Eunpyeong-gu 0.91898
5 Daerim 1-dong, Yeongdeungpo-gu 0.90816
6 Songcheon-dong, Gangbuk-gu 0.89481
7 Noryangjin 2-dong, Dongjak-gu 0.89477
8 Guro 4-dong, Guro-gu 0.88874
9 Singil 5-dong, Yeongdeungpo-gu 0.88830
10 Banghak 1-dong, Dobong-gu 0.88447
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Fig. 3. Social FVI of Seoul
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Table 4. Economic FVI top 10 district

AN HE, BEEE, ALE

Zz Fort Aow vehytt.

[Jo0-0.01
[J0.01-0.25
B 0.25-05
Emo05-075
Emo75-1

4.1.3. BN B4 3o

4% 54 AGYY) A9 FERT A26F, FT

4 wmi ARSA, AAE Hepahe
th(Fig. 5).

AA AR BRE AR AG] WP $E 53
o HePge 7HE BBl 2T # ohlet el
A2T, 49T Lol Hekg 19 we S WY
Fol v ehidth Aok 8 539 BHFS 235
A The S 407 BOE ALEEA BFEY oF
65%7F BHHOE Faol Foke el AOR vehd
th. ol Fot Belo] Y AR, AelH, Beld %
A2 o5 2L 9

rir
N
e] filo
i)
E]
ot
£
i
K
>
N
e
o,

w2 57 olgY A9e

[Jo-o0.01
[J0.01-0.25
B 0.25-0.5
Elo05-0.75
Emo.75-1

Fig. 5. Environmental FVI of Seoul

Table 5. Environmental FVI top 10 district

Ranking Dong Vulnerability Ranking Dong Vulnerability
1 Beon 3-dong, Gangbuk-gu 1.00000 1 Singil 6-dong, Yeongdeungpo-gu 1.00000
2 Garibong-dong, Guro-gu 0.94760 2 Suseo-dong, Gangnam-gu 0.96543
3 Beon 2-dong, Gangbuk-gu 0.91509 3 Banghak 1-dong, Dobong-gu 0.94008
4 Changsin 2-dong, Jongno-gu 0.90735 4 Sadang 1-dong, Dongjak-gu 0.89910
5 Sinwol 1-dong, Yangcheon-gu 0.90394 5 Ssangmun 2-dong, Dobong-gu 0.87770
6 Jangwi 1-dong, Seongbuk-gu 0.90192 6 Irwon 2-dong, Gangnam-gu 0.87013
7 Gayang 3-dong, Gangseo-gu 0.89801 7 Gaebong 2-dong, Guro-gu 0.86805
8 Junggye 2-3-dong, Nowon-gu 0.89366 8 Jamsil bon-dong, Songpa-gu 0.84777
9 Doksan 2-dong, Geumcheon-gu 0.89120 9 Dobong 2-dong, Dobong-gu 0.83685
10 Daerim 2-dong, Yeongdeungpo-gu 0.87156 10 Sillim-dong, Gwanak-gu 0.82937
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Table 6. Integrated FVI top 10 district
Ranking Dong Vulnerability
1 Daerim 2-dong, Yeongdeungpo-gu 1.00000
2 Banghak 1-dong, Dobong-gu 0.97123
3 Ssangmun 2-dong, Dobong-gu 0.94235
4 Singil 6-dong, Yeongdeungpo-gu 0.91716
5 Suyu 2-dong, Gangbuk-gu 0.91484
6 Beon 1-dong, Gangbuk-gu 0.90371
7 Songcheon-dong, Gangbuk-gu 0.89248
8 Sinwol 1-dong, Yangcheon-gu 0.88391
9 Ssangmun 3-dong, Dobong-gu 0.88382
10 Eungam 3-dong, Eunpyeong-gu 0.86863
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(c) Environmental FVI

(d) Integrated FVI

Fig. 7. FVI and inundation flood map
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