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Abstract

Due to climate change with extreme weather events, occurrences of unprecedented heavy rainfall have become more frequent. Since it
is difficult to perfectly predict and prevent flood damages, the limitation of traditional prevention-centered approaches has come a issue.
The concept of “resilience” has therefore been developed which emphasizes the ability to swiftly recover from damages to previous states
or to even better conditions. In this study, we 1) developed a total of 20 domestic flood resilience indicators based on the 4R principles
(Redundancy, Robustness, Rapidity, Resourcefulness), 2) conducted applicability evaluations targeting specific disaster-prone areas, and
3) assessed the importance of each indicator through Analytic Hierarchy Process (AHP) analysis with flood-related experts. To confirm
the suitability of the developed flood resilience indicators, multicollinearity analysis was performed, and the results indicated that all 20
indicators had tolerance limits above 0.1 and Variance Inflation Factors (VIF) below 10, demonstrating suitability as factors. Furthermore,
evaluations of proposed indicators were carried out targeting disaster-prone areas in 2022(21 areas), and AHP analysis was utilized to
determine the relative importance of each indicator. The analysis revealed that the importance of each indicator was as follows:
Robustness 0.46, Rapidity 0.22, Redundancy 0.17, and Resourcefulness 0.16, with Robustness exhibiting the highest importance. Re-
garding the sub-indicators that had the greatest influence on each 4R component, river embankment maintenance emerged as the most
influential for Robustness, healthcare services for Rapidity, fiscal autonomy of local governments for Resourcefulness, and drainage
facilities for Redundancy.
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Table 1. 4R principles of flood resilience

4 R Principles Definition
Redundancy Capacity to maintain functionality through multiple
protective measures, ensuring system operation
Capacity to withstand external shocks without
Robustness degradation or loss of functionality in a system
Rapidity Capacity to meet priorities and accomplish objectives
in a timely manner
Capacity to identify problems and use resources
Resourcefulness | based on priorities when parts of the system are
disrupted
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Fig. 1. Concept of flood resilience based on 4R principles
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Table 2. Flood resilience indicators based on 4R classification
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Category Subcategory Flood resilience indicators Contents
Infrastructure for T N Number of disaster refugee accommodations + number of civil defense
; emporary shelter facilities ; e
temporary evacuation evacuation facilities (places)
Public official capacity for disaster Number of public officials responsible for river management (people)
management (river management, firefighting, environment, outsourced workers)
Redundancy Resource availability |Budget for disaster an?uir;lergency management Disaster management fund (KRW 1,000,000)
Flood insurance Status of storm and flood insurance coverage (Case)
Temporary flood Detention and retention facilities Number of detention basins (EA) by municipality (si/gun/gu)
prevention facilities Drainage facilities Number of pumping stations (EA)
Water supply and sanitation service facilities . A ST .
(public sewerage) Public sewerage penetration (%) by municipality (si/gun/gu)
Flood impact facilities | Water supply and sanitation service facilities Water supply penetration (%) by municipality (si/gun/gu)
(water supply)
Robustness
River bank improvement River bank length (m)
Area of parks and green space Green space (%)
Natural environment B P
River area (%) River area (m”)/area of administrative division (km~)
Resource transportation Transportation network Road length per national land area (km/km?)
Flood risk awareness disaster drill and preparedness budget (KRW 1,000,000)
Rapidity Information system Disaster alert Disaster and safety communications text message (times)
Warning system and communications network Disaster early warning system (EA)
Disaster response service Medical service Healthcare workers (people)
Volunteers Number of volunteers (people)
Support system — - - - -
Resourceful- Citizen corps for disaster prevention Local autonomous disaster prevention corps (people)
ness . . Fiscal self-reliance of municipalities Fiscal self-reliance (%)
Financial resources - - -
Gross Regional Domestic Product (GRDP) GRDP per capita (KRW 1,000,000/person)

Table 3. Description of key flood resilience indicators

Classification
Brief description References
Category | Subcategory Item
- These facilities can be used as a shelter for evacuation or temporary dwellings
Infrtastructure for Temporary shelter in the event of a disaster Heo (2017),
ef/r:c%(;rt?z facilities - When setting indicators related to disaster prevention facilities, the capacity of| Jeon and Lee (2018)
the evacuation facilities is used
- The number of public officials per 1,000 population indicates the capacity for the
provision of civil/administrative services to the public in the event of a disaster
- The larger the number of public officials per 1,000 population, the greater the capacity Park and
. - ark and Song
Public officials’ disaster | 1© €°P¢ with and respond to natural disasters i (2014, 2015)
Redun- mana : - The number of fire officers represents the manpower capacity to be deployed for > :
gement capacity L : f -2~ |Lee and Kwon (2017),
dancy rescue and emergency services in the event of a disaster, and a higher ratio of fire Park (2016)
officers increases disaster resilience.
Resource - Resilience increases with the number of public officials responsible for disaster
availability management policy
Budget for disaster and |- Although the disaster prevention/civil defense budget is not a budget directly
emergency management | allocated for natural disasters, it indicates how much effort individual Choi et al. (2022)
fund municipalities are putting into disaster risk management
Flood insurance - The storm and flood insurance system is a key indicator of total resilience Kang ef al. (2013)
capacity (related to recovery expenses)
Detention and retention |- In cases of complex human and property damage, the presence/absence of s
Redun- Temporar{. flood facilities detention and retention facilities was found to be important. Kim and Hong (2021)
revention
dancy pfaci]ities Drai faciliti - Problems with sewers and rainwater pumping stations accounted for 56.7% of Lee ef al. (2006
ramage factiities the causes of flood damage in Seoul ecetal.( )
- Resilience increases with higher water supply/public sewerage penetration (%)
Robust- | Flood impact Water supply and |- These facilities are crucial in disaster recovery for ensuring the supply of clean water, |Park and Yoon (2017),
ness facilities sanitation service facilities| a basic necessity for human survival Mottahedi et al. (2021),
(public sewerage) - Public sewerage must be maintained in good condition to ensure safety from Park (2016)
flood damage
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Table 3. Description of key flood resilience indicators (Continued)
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Classification
Brief description References
Category | Subcategory Item
sanitZ?;grle:\}:i% ley f:rétiilities - A systematic review reported that the number of prior studies on water supply
networks is second only to energy systems and transportation
(water supply)
Flood impact
facilities - Erosion of the river bank, loss of reservoir, and inadequacy in the cross-sectional
: : area of the river bank are the main causes of aggravated flood damage ,
River bank improvement | Lack of river improvement work and inadequate length of river bank are major Park et al. (2005)
factors influencing flood damage
- Green space serves as a buffer zone or area for absorbing the damage from disasters
- Parks and green spaces protect residential and community spaces from river
Robust- flooding and affect sediment yield and the rainwater infiltration structure, thereby|Kim and Hong (2021),
ness Natural Area of parks and mitigating flood risk Choi et al. (2022),
environment reenps 2ce - The larger the area of green space, the higher the disaster resilience Park and Yoon (2017),
g P - Due to the nature of their use, parks and green spaces are likely to be located in the|Park and Song (2014),
suburban area or on the outskirts of a region. Kim (2021), Park (2016)
- Green space reduces the physical dimension of flood vulnerability by
improving the permeability of rainwater.
- The larger the river area, the more vulnerable the region is to storm and flood
damage, and a large river area lowers the flood resilience of the applicable region
enﬁ?cg?lrr?l{ent River area (%) - Most studies in the literature river length instead of river area as a variable, Park %’rﬁl}(%%? gOW),
making it difficult to collect quality data on river area (%)
- River area (%) is also used as a proxy indicator
- To enable immediate normalization of building and equipment functionality
Resource after a disaster, the rapid transportation and delivery of material, human, and
transportation Transportation network | technical resources is critical Park (2016)
ransp - Transportation infrastructure plays an arterial role in transporting material
resources needed for post-disaster response and recovery
- The number of people with higher education is a parameter representing the
acquisition of information about flood risk
- The ratio of expenditure on education in individual municipalities is an
Flood risk awareness indicator of the adaptive capacity of citizens in the community Kim and Hong (2021),
TSk awar - The higher the investment rate in education, the greater the social capacity for | Park and Song (2014)
disaster response
Ranidit Information - The resilience of the community is higher with an increasing percentage of
apiaity system people with higher education
Disaster alert - Adaptive capacity refers to how quickly a system is able to recover from climate
impact. There are social, economic, and environmental dimensions to capacity
Warning system and |~ Adaptive capacity includes policy and institutional factors such as economic | Koh and Kim (2010)
communications network | Tesources and crisis management programs
- Institutional capacity includes a disaster prevention/pre-warning system
- The number of medical and healthcare workers per 1,000 population represents
Emergenc the capacity for medical service responses in the event of a disaster Park (2016)
gency. Medical service - The higher the indicator value of medical service, the greater the social 4
response service . Park and Song (2014)
response capacity
- Coordinated actions for human casualties are carried out in the event of a disaster|
- It is assumed that Resourcefulness improves with an increasing number of Choi et al. (2021b),
Volunteers volunteers Park and Song (2013)
- Citizen volunteers have the greatest impact on improving regional resilience g
Support system - Maintaining public order and safeguarding people in a chaotic, post-disaster
Resource- Citizen corps for disaster | environment Lee and Kwon (2017),
fulness prevention - Disaster response capabilities are improved through community-based Jeong and Lee (2016)
4 autonomous disaster prevention with the participation of citizens
- Fiscal self-reliance of municipalities refers to a budget that can be used at the |Jung and Byun (2022),
Financial Fiscal self-reliance of discretion of the individual local government Park and Yoon (2017),
resources municipalities - Regions with high fiscal self-reliance have a high capability to cope with even|Park and Song (2014),
if damage occurs and provide financial support Arup (2014), Park (2016)
Fiscal selforeliance of |- Border regions tend to suffer significant physical and economic damage,
. . municipalities including population decline, due to stagnant regional economic development,
Resource- Financial P partially owing to their geographical vulnerability to disasters
fulness resources GDP (GRDP) 4 bl o adant oof
- 1s used as a proxy variable, representing the adaptive capacity o .
GRDP economic resilience Yoo and Kim (2008)
= o = o = =] =
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Table 4. Flood resilience indicator sources

Items

Flood resilience indicators

Source

Temporary shelter facilities

Number of disaster refugee accommodations + number of
civil defense evacuation facilities + number of schools
(places)

National Disaster and Safety Portal (2023)

Disaster management capacity of
public officials

Number of public officials responsible for river management
(people)

Direct information request to the local government

Budget for disaster and emergency
management fund

Disaster management fund (KRW 1,000,000)

Local Finance Integrated Open System (2023)

Flood insurance

Status of storm and flood insurance coverage (cases)

Information Disclosure Portal (2023)

Detention and retention facilities

Number of detention basins (EA) by municipality (si/gun/gu)

Information Disclosure Portal (2023),
Korea Land and Geospatial Informatix Corporation (LX, 2023)

Drainage facilities

Number of pumping stations (EA)

Ministry of Environment (ME, 2023) (Sewage Statistics)

Water supply and sanitation service
facilities (public sewerage)

Public sewerage penetration (%) by municipality (si/gun/gu)

Ministry of Environment (ME, 2023) (Sewage Statistics)

Water supply and sanitation service
facilities (water supply)

Water supply penetration (%) by municipality (si/gun/gu)

Ministry of Environment (ME, 2023) (Sewage Statistics)

River bank improvement

River bank length (m)

WAter resources Management Information System (WAMIS, 2023)

Area of parks and green space

Green space (%)

Korea Land and Geospatial Informatix Corporation (LX, 2023)

River area (%)

River area (m”)/area of administrative division (km?)

Korea Land and Geospatial Informatix Corporation (LX, 2023)

Transportation network

Length of roads per square kilometer of land (km/km?)

Ministry of Land, Infrastructure and Transport (MOLIT, 2023)

Flood risk awareness

Disaster drill and preparedness budget (in KRW 1,000)

Local Finance Integrated Open System (2023)

Disaster alert

Disaster and safety communications text message (time)

Public Data Portal (2023)

Warning system and
communications network

Disaster early warning system (EA)

Information Disclosure Portal (2023)

Medical service

Healthcare workers (people)

National Health Insurance Service (2023)

Volunteers

Number of volunteers (people)

Information Disclosure Portal (2023)

Citizen corps for disaster prevention

Local autonomous disaster prevention corps (people)

Information Disclosure Portal (2023)

Fiscal self-reliance of
municipalities

Fiscal self-reliance (%)

Korean Statistical Information Service (2023)

Gross Regional Domestic Product

GRDP per capital (in KRW 1,000,000/person)

KOrean Statistical Information Service (2023)

Table 5. Declared special disaster areas

yatural 2022 Special disaster areas
isaster
Ist | North Gyeongsang Province, city of Gyeongju, city of Pohang
Typhoon ; ; . .
Hinnamnor 2nd Ulsan Metropolitan City: Duseo-myeon, Onsan-eup (within Ulju-gun)
South Gyeongsang province: Yokji-myeon, Hansan-myeon (within city of Tongyeong); Irun-myeon, Nambu-myeon (witin city of Geoje)
Seoul: Gwanak-gu, - Yeongdeungpo-gu, Gaepo 1-dong (in Gangnam-gu)
Ist Gyeonggi province: cities of Seongnam and Gwangju; Yangpyeong-gun, Geumsa-myeon and Sanbuk-myeon (within city of Yeoju)
Gangwon province: Hoengseong-gun
Localized South Chungcheong province: Buyeo-gun, Cheongyang-gun
hga}/}]/l Seoul: Dongjak-gu, Seocho-gu
ramnta Gangwon province: Hongcheon-gun
2nd | Gyeonggi province: Gocheon-dong, Cheonggye-dong (within city of Uiwang), Dongcheon-dong (within city of Yongin)
South Chungcheong province: Cheongra-myeon (within city of Boryeong)
Gyeonggi province: City of Yeoju
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gro] A9 /ol 24, VIFE 2 3% ZH=TH(Koo and
Shin, 2015; Montgomery et al., 2021).
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Fig. 2. Flood resilience indicator hierarchy tree
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Table 6. Results of multicollinearity analysis

Standardized | Multicollinearity
i coefficient statistics
Beta Tolerance | VIF
Transportation network 421 734 1.362
Flood risk awareness 276 .830 1.205
Rapidity Disaster alert 210 .867 1.153
Warning system and
communications network 364 680 1471
Medical service 695 .837 1.195
Disaster refugee
accommodations, civil
defense evacuation facilities, 282 202 4.942
number of schools (places)
Number of public officials
responsible for disaster policy
(Flood response/flood control 178 119 8.397
divisions)
Redun-
Budget for disaster and
dancy emergency management fund 094 467 2.139
Status of storm and flood
insurance coverage 051 425 2353
Detention basins by 404 208 | 3352
municipality (si/gun/gu)
Relay pumping station by 621 565 1.769
metropolitan city/province
Public sewerage penetration 395 303 3302
rate
Water supply penetration rate 179 310 3.223
Robust-
ness River bank improvement .683 535 1.870
Green space (%) 241 459 2.178
River management status .383 .506 1.977
Volunteers 229 124 8.070
Citizen corps for disaster
Resource prevention 454 407 2.456
fulness -
Fiscal self-reliance 492 128 7.827
GRDP per capita 157 493 2.028

* For correlation between factors (Zero-Order), + indicates a positive
relationship, and - indicates a negative relationship

* In general, if tolerance 20.1 and VIF* <15, it is judged that there is no
multicollinearity among variables/factors

* VIF: Variation Inflation Factor

= e o] A o obd A4 S ol o Mg
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Table 7. Flood resilience indicator values by region

GG

GY

GH

SY | sD | ss GS ; " |GU | CB | GG-| GP | GT | GG | GY GHg| CB | cC | UU
-gu -gu . -si -si -si . X . . . . -gun_
-gy | -gu | -gu -si -si -si | si2 | -si -si | -si_3 | -gun un_2 | -gun | -gun | -gun
1 2 1| 1] 2 1
Disaster refugee
accommodation +
civil defense [ 1.101]0.783]0.548 | 1.012|1.106{2.609 | 1.957 | 0.204 | 2.870 | 0.438 | 0.318 | 0.689 | 1.701 | 0.663 | 1.122|0.459 [ 0.000 | 0.078 | 0.026 | 0.355 | 0.537
evacuation facilities

+ number of schools
Number of public
officials responsible | 0.749|0.784 | 0.640 | 0.856 | 1.714 | 1.111[0.709 | 0.269 | 1.810 | 0.266 | 0.220 |0.900 | 1.607 | 0.334 | 0.336 | 0.382 | 0.234 | 0.216 [ 0.087 | 0.000 | 0.705

for river management

Disaster

management fund |0.011{0.011 |0.008 |0.025|0.960 | 0.060 | 0.016 | 0.006 | 0.038 [0.012{0.003 | 0.011 [0.032 |0.004 | 0.028 |0.005 | 0.000 | 0.006 | 0.000 |0.000 | 0.016
(KRW 1,000,000)

Status of storm and
flood insurance | 0.222{0.330 | 0.040 | 0.3490.520 | 0.130 | 0.029 | 0.000 | 0.064 | 0.067 | 0.072 | 0.431 [0.471 | 0.082 | 0.176 |0.042 | 0.162 | 0.116 |0.304 | 0.052 | 0.461
coverage (Case)

N"mbe;;’:i::‘e““m 0.211]0.422|0.422[0.2110.738 | 2.529 [ 0.738 | 0.105 | 4.110 | 1.159 | 0.948 | 1.475 |3.056 | 0.948 | 0.527 | 0.843 | 0.000 | 0.105 | 0.211 |0.000 | 3.372

N“mb:a‘;fo i‘;mpmg 0.0000.154 | 0.042 [0.056 | 0.056 | 0.266 | 1.258 | 2.069 | 0.056 [0.210 | 0.028 | 4.670 |0.308 | 0.126 | 0.042 | 4.712 | 0.657 | 1.426 | 3.104 | 0.294 | 6.320
Public SEWETAEe 19.610(9.610(9.6109.610|9.610 |9.528 | 8.809 |6.345 | 8.152(9.507 | 4.497 | 8.440 | 6.571 | 6.797 | 6.550 | 5.359 |2.977 | 5.236 | 2.238 [0.000 | 8.441
penetration (%)

Water supply
SUPPY - 111.555|11.555(11.555|11.555|11.555| 11.555| 9.978 | 9.640 | 11.442|11.555( 9.190 | 10.203 | 10.654 | 11.239|11.127| 7.343 | 8.987 | 6.982 | 8.942 | 0.000 | 11.059
penetration (%)

River bank length (m)| 0.464 | 0.233 |0.000 | 0.661 | 0.310 | 0.071 | 1.624 | 14.803| 6.170 | 3.040 | 4.602 | 16.610| 7.504 | 1.433 | 2.508 | 12.947|2.443 | 7.565 |15.910|8.337 | 11.889
Green space (%) |2.456|1.6340.000 [3.203 | 1.541|4.398 5.840(5.178 | 5.432 | 5.279 | 3.664 | 5.497 | 2.890 | 3.933 | 3.709 | 5.870 | 3.322 | 5.000 | 5.661 |4.165 | 4.240
River area/area of

administrative | 0.311]0.002 [ 0.773 | 4.655 | 1.442 |9.070 | 2.090 | 9.320 | 6.251 | 5.480 | 4.638 | 8.271 | 1.810 | 2.199 | 2.164 | 7.212|3.238 | 5.813 | 5.370 | 6.992 | 0.000
division
Road lengthper 15 11¢ 1y (3014 3762383 [3.204 | 1334 |0.263 |0.254 | 0.267 |0.993 |0.000| 0.226 | 0.339 | 0.644 | 0.353 | 0.150 [ 0.136 | 0.111 [0.000 |0.000 | 0.185
national land area
Disaster drill and

preparedness budget| 0.160{0.252 | 0.016 | 0.2590.000 | 0.191 [ 0.009 | 0.046 | 0.716 [0.116 | 0.120 | 0.047 [0.120 | 0.262 | 0.143 | 0.046 | 0.366 | 0.999 |0.120 | 0.221 | 0.151
(KRW 1,000,000)

Disaster and safety
communications | 0.642]0.513|0.898 [0.834(0.513|0.513 [0.578{0.385|0.578 [0.000 {0.321 | 2.118 |2.310 | 0.706 | 1.155 |0.513 | 1.476 | 0.963 | 0.642 |0.385 | 0.706
text message(times)

Disaster early 1 co71 3631 0.814]0.247]0.262 | 0.843 | 1.598 | 0.785 | 3.603 [0.000{ 0.087| 3.763 [0.814|2.470| 4.010 | 1.598 |0.494 | 2.848 | 2.237 | 0.102 | 2.650
warning system

L"Calsl::?g:g°emer 2.541(2.934|2.751|3.877|4.270 | 7.650 | 2.122 | 2.043 | 7.519 | 1.677|0.707 | 0.576 | 3.380 | 0.576 | 0.655 | 2.410 | 1.100 | 0.996 | 0.341 [0.000 | 0.105

Number of
ol 0.811]0.707 | 0.599 | 0.861 | 1.460 | 2.750 | 0.594 | 0.271 | 2.222 [0.350 | 0.215 | 0.506 | 1.243 | 0.152 | 0.522 | 0.181 | 0.000 | 0.047 | 0.064 |0.014 | 0.466
Number of local

autonomous disaster | 2.483 | 2.294 | 1.106 | 0.279 | 1.601 | 4.030 | 0.855 | 0.225 | 5.460 | 0.000 |3.193 | 2.8873.049 | 0.837 | 1.034 [0.252 [ 1.142 | 0.144 | 4.345 | 2.042 | 1.340
prevention corps
Fiscal self-reliance |1.142[3.123(2.093 |5.418 |5.541|5.910|2.977 | 1.298 | 4.399 |3.011 [0.481 | 1.164 | 1.970 [0.325 | 0.851 | 0.828 |0.224 | 0.224 0.000 | 0.034 | 2.787

GRDP 0.000| 1.250 | 0.064 | 1.089 | 1.890 | 0.528 [ 0.200 | 0.366 | 0.265 [0.170 | 0.421 | 0.379 [0.349 | 0.175 | 0.320 |0.078 | 0.359 | 0.322 | 0.260 | 0.408 | 0.960

Note: SeoulGwanak-gu: SG-gu_I, SeoulYeongdeungpo-gu: SY-gy, SeoulDongjak-gu: SD-gu, SeoulSeocho-gu: SS-gu, SeoulGangnam-gu: SG-gu 2, Gyeonggi-
Seongnam-si: GS-si, Gyeonggi Gwangju-si: GG-si_1, Gyeonggi Yeoju-si: GY-si_I, GyeonggiYongin-si: GY-si_2, Gyeonggi Uiwang-si: GU-si, Chungnam-
Boryeong-si: CB-si, GyeongbukGyeongju-si: GG-si_2, GyeongbukPohang-si: GP-si, GyeongnamTongyeong-si: GT-si, GyeongnamGeoje-si: GG-si_3, Gyeonggi-
Yangpyeong-gun: GY-gun, GangwonHoengseong-gun: GH-gun_1, GangwonHongcheon-gun: GH-gun_2, ChungnamBuyeo-gun: CB-gun, ChungnamCheong-
yang-gun: CC-gun, UlsanUlju-gun: UU-gun

=AY ], g4

S A H]-20] 9.319%, HA Q| R A H| A7} 7.649%2 LTEL
Wk sk s] -6 24K2020.12~2021.7)0 THEH 24
2 5= Qo SR} S5 WSl A & o7t EAst
Hom, o =g F& oA B 2 Igt A o & UE}
W HE JITHME, 2021). sEAARo] S-Ae=1ol| 4] 7H =2
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Table 8. Standardized values by region
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SG | sy |sp|ss |59 |as |G| CGY|CY | Ggu|cB|ae-|cp|ar|aa|ay|SH |grgl B | cc | U
-gu -gu . -si -si -si X . . . . . -gun_
-gy | -gu | -gu -si -si -si | sii2 | -si -si | -si_3 | -gun un_2 | -gun | -gun | -gun
1 2 | 1| 2 1
Disaster refugee
accommodatio-n +
civil defense 08 [-04|-12]05| 08|63 |39 |25|73|-1.6|-21]-07]30]-08]09]-16|-33][-30]-32/-19]-13
evacuation facilities
+ number of schools
Number of public
officials responsible | 0.3 | 04 | -0.1 | 07 | 3.7 | 1.6 | 02 | -1.4 | 40 |-14 | -1.6| 08 | 33 |-12|-12|-1.0 | -1.5 | -1.6 | -2.0 | -2.3 | 0.2
for river management
Disaster
management fund | 0.2 | 0.2 | 0.2 | -02 | 43 | 0.0 | 02| -0.3|-0.1 |-02|-03|-02|-0.1-03|-02]-03]-03|-03]-03]-03]-02
(KRW 1,000,000)
Status of storm and
flood insurance | 0.1 | 0.4 | -0.5 | 0.5 | 1.0 | 02 | 0.5 | -0.6 | -04 | -04 | 04 | 0.7 | 09 | -04 |-0.1 | -05|-0.1|-03]| 03 |-05] 08
coverage (Case)
N"mbe;;’:i::‘e““m 30| 22]22(30|-11]52]|-1.1]-33[108]04|-04|15]71]-04|-19]|-07]|-37|33|30]-37]82
Number of pumping |y 3| 37 | 41 | a1 |41 |33 | 0.0 | 29 |41 | 35| 42 119 |32 | 38|41 120 20| 07 | 65 | 32| 176
stations
Public sewerage | o 1 | g1 | o1 | o1 | 01 | 88 | 63|24 |40 |88 | 89|50 |-16[-08|-17| 59 |-143| 63 [-169|-247] 5.0
penetration (%)
Water supply 56 | o5 | 28 | 28 | 28 [ 28 | 02 |04 | 26 | 28 |12 |05 [ 13|23 | 21 |43 |-15 |49 |16 |-165] 20
penetration (%)
River bank length (m) | -15.5 | -16.2 | -16.9 | -15.0 | -16.0 |-16.7 |-12.1| 273 | 1.5 | -7.9 | 3.2 | 32.6 | 55 |-127] 9.4 | 21.7 | 9.6 | 5.7 | 30.6 | 8.0 | 18.6
Green space (%) | 5.6 | 8.7 |-14.9| 28 | 9.1 | 1.7 | 72 | 47 | 56 | 50 | -1.1 | 59 | 40 | -01 | 09 | 7.3 | 24 | 40 | 65 | 08 | 1.1
River area/area of
administrative | -12.1 |-13.1(-10.7| 1.6 | -8.6 | 15.6 | 6.5 | 164 | 6.7 | 42 | 1.6 | 13.0 | -74 | 62 | -63 | 9.7 | 29 | 53 | 3.9 | 9.0 |-13.1
division
Roadlengthper -\ ¢4 1115 | 104 | 41 | 67 | 08 |26 | 27| 26|03 |35 | 28| 24 |-14 [ 23| 30|30 |31 | 35|35 |29
national land area
Disaster drill and
preparedness budget| 0.6 | 0.6 | -2.5 | 0.7 | 27 | 02 | 2.6 | 21| 6.6 | -12 | -1.1 | 21| -1.1| 07 |-08 |21 |21 |103]-1.1] 02 |-07
(KRW 1,000,000)
Disaster and safety
communicatio-ns | 0.7 | -1.2 | 04 | 02 [ -12|-12|-09 | -1.7 | -09 | 34 | 20 | 56 | 64 |-04 | 15 [-12 |29 | 07 |-07|-1.7 | -0.4
text message (times)
Disaster early | 3| 34| 20 [ 37| 37 | -19 | 05 | 21| 68 [-45| 42|73 |20 |32 |80 |05 30|44 |25 |-42]3s
warning system
Local health center | o | 53 | 17 | 58 | 72 [ 195| 06 | -00 | 190 | 23 | -58 [ 63 | 3.9 | -63 | -6.0 | 0.4 | -44 [-47 | 7.1 | 84 | -80
staffing
Number of volunteers| 0.6 | 0.2 | 03 | 0.8 | 3.1 | 81 | 03 |-1.6 | 6.1 |-12]-1.8]-06| 22 |-2.0|-06|-19| 26 | 24 | -24 | 2.6 | -08
Number of local
autonomous disaster| 2.4 | 1.7 | 2.7 | -57 | 09 | 8.0 | 3.6 | 5.9 | 132 | -67 | 50 | 3.8 | 44 | 37| 29 |-58|-25|-62]92 |07 |-1.8
prevention corps
Fiscal self-reliance | -3.0 | 33 | 0.0 [ 10.6 | 11.0 | 121 | 28 | 25| 7.3 | 29 | -5.1 | -2.9 | -04 | -56 | 3.9 | -4.0 | -5.9 | -59 | -6.6 | -6.5 | 2.2
GRDP 20|33 [-17]26|60 |03 |-1.1]-04]-09]-13|-02|-04]-05]-121-06]|-1.7|-05|-06]-09]-03]| 21
Flood resilience | ¢\ 11401356 53 | 83 672 [-11.1| 204 | 92.4 |-11.8|-40.3 | 72.6 | 153 | -40.8|-30.3 | 17.8 |-58.4 |-11.6 | 102 |-61.6 | 322
indicators
Note: SeoulGwanak-gu: SG-gu_I, SeoulYeongdeungpo-gu: SY-gy, SeoulDongjak-gu: SD-gu, SeoulSeocho-gu: SS-gu, SeoulGangnam-gu: SG-gu_2, Gyeonggi-

Seongnam-si: GS-si, Gyeonggi Gwangju-si: GG-si_1,

yang-gun: CC-gun, UlsanUlju-gun: UU-gun

Gyeonggi Yeoju-si: GY-si_1, GyeonggiYongin-si: GY-si_2, Gyeonggi Uiwang-si: GU-si, Chungnam-
Boryeong-si: CB-si, GyeongbukGyeongju-si: GG-si_2, GyeongbukPohang-si: GP-si, GyeongnamTongyeong-si: GT-si, GyeongnamGeoje-si: GG-si_3, Gyeonggi-
Yangpyeong-gun: GY-gun, GangwonHoengseong-gun: GH-gun_1, GangwonHongcheon-gun: GH-gun_2, ChungnamBuyeo-gun: CB-gun, ChungnamCheong-
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River bank imp 1661
Water supply and sanitation service facilities (public sewerage) T ——— 0 61
River area (%) EEEEEE—————— 32
Medical service ——— 7 65
Drainage facilities  ——— G 32
Fiscal self-reliance of municipalities ~EE—————— 501
Area of parks and green space  EEEEE—— 5 87
Citizen corps for disaster prevention EEE——— S 46
Transportation network ~ E—— 463
Water supply and sanitation service facilities (water supply) —EE— 4 35
Detention and retention facilities ~n——5=— 4 11
Warning system and communications network ~E—— 4,01

Flood risk awareness —— 304

Temporary shelter facilities mm—m") 87

Volunteers mm——? 75

Disaster alert ~mm— 2 31
Gross Regional Domestic Product (GRDP) mmmmm 1.89
Public official capacity for disaster management ~mmmmm 181
Budget for disaster and emergency management fund = 0.96
Flood insurance = 0.52

Fig. 3. Prioritization of flood resilience indicators
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Public official capacity for disaster management I 1.61
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Water supply and sanitation service facilities (public sewerage) [N o1
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Importance of Rapidity
2 4 6 8 10

Medical service [N 7.5
Transportation network NN s
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Importance of Resourcefulness
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Fiscal self-reliance of municipalities | R ;-
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Gross Regional Domestic Product (GROP) | N NN o

Fig. 4. Evaluation results of flood resilience indicator importance by
category
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Table 9. Weight values and prioritization of flood resilience indicators

545

Priority rank
Weight S Governmental Research Private
Ltz Stibeategory Lz values p};((;triiily Ui niis ministries institutes companies
rank weight | priority | weight | priority | weight | priority | weight | priority
Infrastructure for
Temporary Temporary shelter facilities 2.87 14 1.41 17 2.25 16 4.75 7 3.57 13
Evacuation
Public official capacity for disaster 1.81 18 0.60 18 251 14 372 9 1.48 18
management : . . . :
Resource .
Redundancy | yailability | DUdget f&;ﬂfgjﬁg; and emergency | o096 | 19 | 026 | 19 | 146 [ 17 | 225 | 15 | 078 | 19
Flood insurance 0.52 20 0.23 20 0.61 20 0.86 20 0.48 20
Temporary flood Detention and retention facilities 4.11 11 1.91 15 5.30 9 4.98 6 4.27 11
prevention
facilities Drainage facilities 6.32 5 3.98 10 5.87 6 10.90 3 4.73 8
Water supply and sanitation service 9.61 5 434 9 9.41 5 1738 1 771 4
facilities (public sewerage) : : . : .
Flood impact L .
facilities Water supply and sanitation service | 435 | 10 | 322 | 11 | 446 | 10 | 3.66 | 10 | 436 | 10
acilities (water supply)
Robustness
River bank improvement 16.61 1 7.30 6 23.00 1 15.67 2 18.56 1
Natural Area of parks and green space 5.87 7 7.49 5 5.47 7 4.44 8 4.47 9
environment River area (%) 9.32 3 13.48 2 6.05 5 6.79 4 9.36 2
" Resource Transportation network 4.63 9 5.57 8 6.07 4 1.53 18 6.11 6
ransportation
Flood risk awareness 3.04 13 2.63 13 2.60 13 2.40 14 3.01 15
.o Information Disaster alert 2.31 16 2.18 14 1.00 19 1.46 19 5.18 7
Rapidity system
Warning system and communications 401 12 1.66 16 3.99 12 3.08 12 732 5
network : : : : :
Emergency . .
response service Medical service 7.65 4 15.46 1 5.45 8 3.53 11 7.91 3
S Volunteers 2.75 15 5.90 7 2.37 15 1.55 17 2.00 16
upport system : X
Resourceful- Citizen corps for disaster prevention 5.46 8 9.57 4 6.70 3 2.82 13 3.72 12
ness Financial Fiscal self-reliance of municipalities 591 6 10.06 3 4.14 11 6.48 5 3.45 14
resources GRDP 1.89 17 2.77 12 1.33 18 1.74 16 1.52 17
o 2] 5Lo] 55 0 2
th 7t el 7P 2 dFe nid sl dE2 Al s 4 A 2
LERTE AerA] 0] -9 17 5250l ofsf Hiti o] Ha
Hale A0 W, ol 14 jHlo s A 2|z wA] Ao A 9 B4R 2l el AT HioR 1
e iRt AIE HlE A7 vieeAldS 753 vh Qi) = AR A EE NI &, Sl R A 4R 7O 2S5 A S
2~ ) 2 = I} = = = A= — =
HEPAE 2 7 RS So HlaS QAR C R ARt wEololtt 848158 A3 W AIRRIZH A7 o) A dS A
AHEHLS Tl shder viEs= Ao, AA Ad AP 916l SPSS IR 131-S E-gote] RS Sastglon,
Y& ARAV 5 o1 A2A19] 300 E= ol ARAVE 554178 A A FAF A7 T 0.1 ool H, VIFZ}

Aefhi= o7 8eE] ¢hkeh Oh and Jun (2021)= A€ Bl
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F207 0 T etV o 2 AEIARE AAISHIH.
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