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Abstract

This study conducted two flood assessments and compared their methods, procedures,
and outcomes for applying to urban planning: a flood vulnerability assessment in accordance
with the Climate Change Vulnerability Assessment adopted by the government and a
probabilistic risk assessment stressed by IPCC. The flood vulnerability assessment employed
the indicator method based on the manual and guidelines. The probabilistic risk was defined
as a product of the probability of occurrence and its effect. It used Markov Chain Monte
Carlo (MCMC) simulation, which is effective in random number generation and machine
learning based on the Bayesian concept. The results of two evaluations focused on Busan
show that while spatial distributions of risk areas are quite similar, risk area calculated by
flood vulnerability assessment is a little larger than risk assessment due to different units of
analysis, used data, and assessment methodology. Risk assessment provides more accurate
results, but assessment method is complicated, while vulnerability assessment is easy to use,
results cannot be quantitatively validated. Therefore, the combination of vulnerability and risk
assessment is considered meaningful as it could improve existing flood assessments and
contribute to decision making to establish safer cities.
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Fig 1. Climate change vulnerability assessment
structure

Source: Climate change vulnerability manual, 2012.
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Classification

Flood, Heavy rain variable

Source

Current climate

- Days over 80mm precipitation(annual average)

Korea Meteorological

exposure - Daily maximum precipitation(annual average) Administration
- Damaged area during recent 10 years (Flooded area)| ..
. . City of Busan, Korea Forest
Potential - Areas vulnerable to natural disaster . . .
. Service, National Disaster
vulnerable area |- Areas vulnerable to Landslide .
L . Information Center
- Riverside low-lying lands
citizen | Population over 65 years old and Under 5 years old Statistical Geographic
Current (Census output area) Information System
Urban - Infrastructure in Census output area
o Roads, railways, water supply facilities, electricity, . .
Sensiti|Urban| - Urban suppl facilitigs as su Ipp >;acilities heat su Iy Ministry of Land, Infrastructure
~vity Mulner| Infrastruc PPY > 9 PRl Tacllities, - nes PPY and Transport, National
| facilities, broadcasting communication facilities, publid . . .
-able| -ture . . Geographic Information Institute
Factor spaces, oil storage and oil supply facilities, sewerage,
ater_pollution prevention facilities
Ministry of Land, Infrastructure
Building |- Single-family house, semi-underground house and Transport, National
Geographic_Information Institute

Future Climate Exposure|- Days over 80mm precipitation(annual average)

Korea Meteorological
Administration

- Development Project areas

- Urbanized ares in recent 10 years
Future Urban Sensitivity |- Population growth areas in recent 10 years

City of Busan, Ministry of Land,
Infrastructure and Transport,
National Geographic
Information Institute
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Classification Variable Type Source
Experience Map of flooded areas Discrete City of Busan, Ministry pf Public
factor Safety and Security
Exposure | Days over 80mm precipitation . Korea Meteorological
- - — Continuous S .
factor Daily maximum precipitation Administration
Elevation Ministry of Land, Infrastructure and
Flood . Continuous | Transport, National Geographic
o hical r e .
probability Geofgarcz;grlca Slope Information Institute
. . . Water Resources Management
Distance to river Continuous X
Information System
Development; . . Environmental Geographic
Impervious surface area Discrete ) -
factor __Information Service
Facility facto Disaster Prevention Facility Discrete National Gecl)r?sr?i?l:]tlé Information
) . Statistical Geographic Information
Impact Inventory Population by census output area| Continuous System
variable factor Appraised land value Continuous | City of Busan, Natlona@ Geographic
data Information Institute
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Table 3. Comparison of flood vulnerability and risk assessment methods

Classification

Flood vulnerability assessment

Flood risk assessment

Spatial range City of Busan

City of Busan

. Index or total score
Method of analysis

(Exposure, Sensitivity Index)

Probability of event x Impact
(Human/Probability DB)

Applied variables manual and guidelines

Use of variables adopted from the

Use of selected variables among the flood
vulnerability assessment variables

Unit of Spatial analysis Census output area

30mx30m grid

Number of Units 5912

881,350

Method of result
display

Current vulnerability, Future
vulnerability, total vulnerability
(Unit: Census output area)

Current-Future probability, Current risk, Future
risk, Total risk
(Unit: 30mx30m grid)

Verification of results -

AUC verification
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o] Z} AgkQIE, Akl DB gte ol blek= Current flood vulnerability
Hge S S B nll DAIE TESIACE Grage| Deoree Of | Number . im| 2@
= O =lokd B0 = ol =oMd vulnerability of units ratio(%)
FEHoz Flovd BAOl HIWE ¢l FY 1 Very high 22 053 | 007
S0l AAJSH BHOR SISk #dle o 2 High 633 | 11823 | 1502
N e - _ 3 Moderate 3,646 | 42644 | 5417
g g]a30] Se S 9 BlaaE EEGi 4 Low 1611 | 241.99 | 30.74
c}. total - 5912 | 78719 | 100
ey o Future flood vulnerability
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Total flood vulnerability
. _ Degree of Number area
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Iv. EAl Sxe E7t Zut i e e
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ROC(Receiver

ol Wl

Variable 1 2 3 4 5 6
1 Elevation -0.0379 -0.0360 -0.0379 -0.0369 -0.0368 -0.0364
2 Slope -0.0256 -0.0263 -0.0261 -0.0256 -0.0258 -0.0263
3 Impervious surface area 0.0109 0.0112 0.0105 0.0114 0.0101 0.0111
4 | Days over 80mm precipitation 0.0187 0.0180 0.0203 0.0183 0.0177 0.0185
5| Daily maximum precipitation 0.0714 0.0697 0.0704 0.0708 0.0701 0.0695
6 Distance to river 0.0174 0.0172 0.0181 0.0166 0.0167 0.0169
7 Disaster Prevention Facility -0.0099 -0.0108 -0.0095 -0.0110 -0.0104 -0.0092

Variable 7 8 9 10 Average Std.
1 Elevation -0.0370 -0.0370 -0.0378 -0.0370 -0.0371 0.00136
2 Slope -0.0253 -0.0270 -0.0264 -0.0264 -0.0261 0.00116
3 Impervious surface area 0.0108 0.0110 0.0106 0.0111 0.0109 0.00039
4 | Days over 80mm precipitation 0.0180 0.0178 0.0194 0.0199 0.0187 0.00129
5| Daily maximum precipitation 0.0703 0.0716 0.0714 0.0696 0.0705 0.00126
6 Distance to river 0.0168 0.0169 0.0186 0.0182 0.0173 0.00160
7 Disaster Prevention Facility -0.0102 -0.0107 -0.0099 -0.0105 -0.0102 | 0.00221
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Table 6. Result of flood risk assessment

Current risk

Degree of | Number area
Grel risk of units area(um) ratio(%)
1 Very high 8,206 7.385 0.93
2 High 55280 | 49.752 6.27
3 Moderate | 124,789 | 112.310 14.16
4 Low 693,075 | 623.768 | 78.64
total - 881,350 | 793.215 | 100.00
Future risk
Degree of | Number area
Grel risk of units AEE ratio(%)
1 Very high 7,219 6.497 0.82
2 High 52,144 | 46.930 5.91
3 Moderate 53,652 48.287 6.09
4 Low 768,335 | 691.501 87.18
total - 881,350 | 793.215 | 100.00
Total risk
Degree of | Number area
QL risk of units IR ratio(%)
1 Very high 8,462 7.616 0.96
2 High 56,098 | 50.488 6.37
3 Moderate | 123,753 | 111.378 14.04
4 Low 693,037 | 623.733 | 78.63
total - 881350 | 793.215 | 100.00
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