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Abstract

The quantification methods and definitions of resilience vary and are studied across many fields. However, this diversity can lead to gaps
in interpretation regarding the meaning and indicators of resilience, potentially having a negative impact on resilience assessments.
Therefore, uniform standards for defining and quantifying resilience are essential. This study presented a definition of resilience and
socio-structural evaluation methods of resilience through network analysis. Furthermore, through analyzing various definitions of
resilience, the definition of resilience in the context of urban flooding was presented. Distinguishing between static and dynamic
resilience, an evaluation method based on common attributes was proposed. Lastly, the economic effects of introducing resilience were
analyzed using an inundation trace map. Future research on the secondary effects through standardized resilience assessments is
expected to be widely utilized in decision-making stages within urban flood policies.
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Table 1. Classification of 4R in the literature

Author and institution Robustness Redundancy Rapidity Resourcefulness
Keating ef al. (2017) 35 8 16 29
Lee et al. (2013) 8 1 2 1
Lee (2015) 7 1 2 2
Heo (2016) 15 1 3 5
Kim et al. (2016) 12 3 5 17
Lee and Kwon (2017) 6 1 2
Kim (2020) 8 0 2 4
Seo et al. (2022) 11 2 3 1
Bulti ef al. (2019) 7 2 11 5
Edgemon et al. (2022) 5 2 4 4
Cutter et al. (2010) 5 2 10 0
Hung et al. (2016) 11 1 6 2
Average 10.8 2.0 5.4 6

Data: Ji and Oh (2022), The author additionally structured the data.
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Table 2. Selected static resilience indicators
Indicator References

Number per population excluding the elderly |Bulti ez al. (2019), Edgemon et al. (2022), Seo et al. (2022), Cutter et al. (2010), Hung et al. (2016)

Rate of people with disabilities

Bulti ez al. (2019), Edgemon et al. (2022), Cutter et al. (2010)

Number of doctors per 1,000 population

Edgemon e al. (2022), Seo et al. (2022), Cutter ef al. (2010), Hung et al. (2016)

Number of workers per total population

Edgemon et al. (2022), Cutter et al. (2010), Hung ef al. (2016)

Rate of non- deteriorating buildings

Cutter ef al. (2010)

Number of civil servants per 1,000 population

Kim et al. (2016), Bulti ef al. (2019)

Number of schools per 1,000 population

Edgemon et al. (2022), Cutter et al. (2010), Hung ef al. (2016)

Number of cars per total population

Edgemon et al. (2022)

Table 3. Result of factor analysis

Indicator R

Rapidity Resourcefulness Robustness Redundancy
Number per population excluding the elderly 0.926 0.071 0.091 0.071
Rate of people with disabilities 0914 0.178 0.069 -0.069
Number of doctors per 1,000 population 0.034 0.860 -0.004 0.035
Number of workers per total population 0.199 0.828 -0.169 -0.087
Rate of non-deteriorating buildings -0.037 0.004 0.927 -0.078
Number of civil servants per 1,000 population -0.370 0.239 -0.702 -0.208
Number of schools per 1,000 population 0.097 0.209 0.080 0.789
Number of cars per total population -0.099 -0.338 -0.046 0.701

KMO=0.577, Bartlett’s x’=858.698 (p<0.001)




H.J. Park et al. / Journal of Korea Water Resources Association 57(6) 371-383 375

Table 4. Each weight by indicator for static resilience

4R Indicator Weight

Rate of non-deteriorating buildings 0.429

Robustness — -
Number of civil servants per 1,000 population 0.571
. Rate of people with disabilities 0.509

Rapidity - -
Number per population excluding the elderly 0.491
Number of workers per total population 0.499
Resourcefulness B
Number of doctors per 1,000 population 0.501
Number of schools per 1,000 population 0.813
Redundancy .
Number of cars per total population 0.187
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Table 5. Urban resilinece in normal state Exo| vtdx] 710 2 s4lo] 7Rs5}t} E35] SRIFRACIA]
= =] L y=Kel
Region 5 o i 5 RA° SR DP Rgn Ri Rupm Eﬁ}fi f]—; }_1?:'_1- go]’fo—(i] _;)LE];C/}\}; l:/[] E’j —4] oﬂ:,)—] IS:]I-{
. 1 O 31 V. ~V. o O = = .
A 1.00 | 1.00 | 1.00 | 1.00 | 0.03 | 0.76 | 0.27 | 1.03
B 1.00 | 1.00 | 1.00 | 1.00 | 0.02 | 0.76 | 0.35 | 1.10
C 1.00 | 1.00 | 1.00 | 1.00 | 005 | 076 | 035 | 1.11 Table 6. Urban resilience after flood
D 1.00 | 1.00 | 1.00 | 1.00 | 0.03 | 0.76 | 0.38 | 1.14 SI
Region RA | SR | DP | Ry | R | Rurban
E 1.00 | 1.00 | 1.00 | 1.00 | 0.04 | 0.76 | 0.39 | 1.15 STy, SI;
F 1.00 | 1.00 | 1.00 | 1.00 | 0.06 | 0.76 | 0.40 | 1.16 E 0.86 | 0.91 | 0.01 | 0.00 | 0.04 | 0.23 | 0.39 | 0.63
G 1.00 | 1.00 | 1.00 | 1.00 | 0.05 | 0.76 | 0.40 | 1.16 G 0.97 | 0.85 | 0.10 | 0.00 | 0.05 | 0.27 | 0.40 | 0.67
H 1.00 | 1.00 | 1.00 | 1.00 | 0.06 | 0.76 | 0.40 | 1.17 J 1.00 | 0.95 | 0.02 | 0.00 | 0.04 | 0.26 | 0.43 | 0.68
I 1.00 | 1.00 | 1.00 | 1.00 | 0.06 | 0.76 | 0.42 | 1.18 M 0.97 | 0.76 | 0.12 | 0.00 | 0.07 | 0.26 | 0.43 | 0.69
J 1.00 | 1.00 | 1.00 | 1.00 | 0.04 | 0.76 | 0.43 | 1.19 I 094 | 0.79 | 0.14 | 0.18 | 0.06 | 0.31 | 0.42 | 0.73
K 1.00 | 1.00 | 1.00 | 1.00 | 0.03 | 0.76 | 0.43 | 1.19 C 0.96 | 0.97 | 0.04 | 0.50 | 0.04 | 0.39 | 0.35 | 0.74
L 1.00 | 1.00 | 1.00 | 1.00 | 0.12 | 0.78 | 0.41 | 1.20 F 0.93 | 0.92 | 0.49 | 0.00 | 0.06 | 0.37 | 0.40 | 0.76
M 1.00 | 1.00 | 1.00 | 1.00 | 0.07 | 0.77 | 0.43 | 1.20 R 0.94 | 0.91 | 0.03 | 0.07 | 0.06 | 0.27 | 0.51 | 0.78
N 1.00 | 1.00 | 1.00 | 1.00 | 0.04 | 0.76 | 0.44 | 1.20 (6] 1.00 | 0.89 | 0.01 | 0.38 | 0.05 | 0.34 | 0.46 | 0.81
(6] 1.00 | 1.00 | 1.00 | 1.00 | 0.05 | 0.76 K 0.99 | 0.94 | 0.29 | 0.30 | 0.03 | 0.40 | 0.43 | 0.83
P 1.00 | 1.00 | 1.00 | 1.00 | 0.05 | 0.76 P 1.00 | 0.96 | 0.16 | 0.22 | 0.05 | 0.35 | 0.49 | 0.84
Q 1.00 | 1.00 | 1.00 | 1.00 | 0.05 | 0.76 L 0.77 | 0.86 | 0.01 | 1.00 | 0.12 | 0.49 | 0.41 | 0.90
R 1.00 | 1.00 | 1.00 | 1.00 | 0.06 | 0.77 T 0.99 | 0.93 | 0.00 | 0.00 | 0.04 | 0.25 | 0.66 | 0.90
S 1.00 | 1.00 | 1.00 | 1.00 | 0.05 | 0.76 H 0.99 | 1.00 | 1.00 | 1.00 | 0.06 | 0.76 | 0.40 | 1.16
T 1.00 | 1.00 | 1.00 | 1.00 | 0.04 | 0.76 N 0.99 | 1.00 | 1.00 | 1.00 | 0.04 | 0.76 | 0.44 | 1.20
U 1.00 | 1.00 | 1.00 | 1.00 | 0.08 | 0.77 Q
S

very low = low very high

0.99 | 1.00 | 1.00 | 1.00 | 0.04 | 0.76 | 0.49
0.99 | 1.00 | 1.00 | 1.00 | 0.05 | 0.76 | 0.54
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Table 7. Urban resilinece and Impact ratio

Region Rurwan (Normal) Rurvan (Flood) Impact Ratio (%) Estimated Recovery Cost (W (x10°%))

E 1.15 0.63 134 372
G 1.16 0.67 124 642
J 1.19 0.68 118 1,224
M 1.20 0.69 117 840
1 1.18 0.73 108 63
C 1.11 0.74 107 1,422
F 1.16 0.76 100 1,548
R 1.27 0.78 98 618
O 1.22 0.81 91 123
K 1.19 0.83 84 57
P 1.25 0.84 83 42
T 1.42 0.90 78 297
L 1.19 0.90 71 1,968
H 1.17 1.16 0.47 99
S 1.30 1.30 0.33 195
Q 1.26 1.25 0.32 66
N 1.20 1.20 0.27 75
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Table 8. Definition of resilience in the field of disaster management

Researcher

Definition

Timmerman (1981)

The capacity of a system to absorb and recover from an event.

Blaikie ef al. (1994)

The ability to respond and adapt to disasters.

The capacity to recover through learning despite the occurrence of unexpected risks.

Wildavsky (1988)
Buckle et al. (2001) The ability of personnel, communities, government departments, and facilities to reduce vulnerability.
Pelling (2003) The ability to adapt to risks and prevent damages through optimized social systems and safe facilities.
Bruneau et al. (2003) The capacity of a societal unit to mitigate disasters.
Godschalk (2003) A resilient city through sustained community networks.

Campanella (2006)

The physical systems and capacities to restore a destroyed city.

Cutter et al. (2008)

The process of a social system adapting while responding to disaster impacts.

The ability to restore and provide key functions of life, industry, commerce, government, and social

Hamilton (2009 . .
amilton ( ) groups following disasters and other threats.
Mayunga (2009) The community's ability to quickly predict, prepare, respond, and recover from disaster impacts.
Henstra (2012) The capacity to endure stress caused by climate change, respond effectively to climate-related risks, and
quickly recover from remaining adverse impacts.
Wagner and Breil (2013) The ability of social communities to endure stress and quickly recover, adapt, and survive.
. The capacity to prevent collapse from disasters, recover from shocks and stresses when disasters occur,
Rodin (2014) .
and learn and grow from the experience.

Meerow et al. (2016)

The ability of urban systems and subsystems like social, ecological, and technological networks to
maintain function or quickly return to and adapt during disruptions, and to swiftly change systems that
constrain the future.

The ongoing capacity of a city to maintain its functions and improve its resilience against future shocks by
absorbing, adapting, transforming, and preparing across economic, social, institutional, and

OECD
environmental dimensions.
UN-HABITAT The ability of urban systems to withstand co.mp.lex shocks‘ and stresses, quickly recover, and maintain
continuity of services.
UNDRR The ability of any system, community, or society exposed to hazards to resist and efficiently manage these
risks by absorbing, adapting, and quickly recovering.
ICLEI The ability to adapt to ongoing changes and thrive, while maintaining essential functions, structures, and
identities, absorbing and recovering from shocks and stresses.

Index, City Resilience

(Fockefeller Foundation and ARUP)

The ability of individuals, communities, institutions, businesses, and systems within a city to survive,

adapt, and grow regardless of the types of chronic stresses and acute shocks experienced.






