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ABSTRACT

Unusual meteorological phenomena in urban areas are causes of life loss and economic damage. Flooding is the
major cause of large economic damage among natural disasters that occurs in cities. Especially, localized torrential
rains in urban areas cause substantial economic damage in only a short time. Although similar torrential rain falls
occur in both the city and nature, the occurrence patterns for flooding are very different. Urbanization is one reason
for flooding to exhibit different characteristics, which we refer to as urban characteristics. However, the
vulnerabilities of flooding in urban areas to do urbanization are unclear. Thus, it is necessary to analyze and
perform a vulnerability diagnosis of the characteristics of different areas and buildings that are repeatedly damaged
by flooding. This study identified vulnerabilities using a modified spatial regression model (OLS) using big data
for buildings in 2012 in Seoul, which was repeatedly flooded by heavy rains of more than 50 mm/hour since 2000.
In addition, the vulnerability diagnosis model was applied to individual parcels containing buildings in Seoul in
order to spatially derive and verify the probability distribution of buildings vulnerable to urban flooding.
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Table 1. Building Information Refining Process and Results
Refining Process and Results
No. | Code Name in Building DB Contents Name
Ist 2nd Final
1 |MGM_BLDRGST PK Building Registry PK Drop Null PNU Code
2 |PNU PNU Code o o Parcel Area
3 |ADDR Address Drop Null Building Cover Area
4 |BLD NM Building Name Drop Null Building Cover Ratio
5 |DONG NM Building Code Name Drop Null Floor Area Ratio
6 |PLAT AREA Parcel Area 0 0 Main Usage
7 |ARCH_AREA Building Cover Area o o Structure
8 |BC_RAT Building Cover Ratio o o Households
9 |VL_RAT ESTM_TOTAREA |Total Area for FAR Drop Null Floor Numbers
10 |VL_RAT Floor Area Ratio o o Underground Floors
11 | TOTAREA Total Area 0 Drop Approval Date
12 |MAIN_PURPS NM_DONG Main Usage 0 0 Approval Year
13 |MAIN PURPS NM _FLR Main Usage for Floor Drop Null
14 |PURPS Usage N Drop Null -
15 | STRCT_NM Structure o o
16 |ROOF_NM Roof Drop Null
17 |HHLD CNT Households o Drop
18 |FMLY_CNT Familys 0 0
19 |HO CNT Number of Housing 0 Drop
20 |HEIT Height 0 Drop
21 |GRND_FLR_CNT Floor Numbers o o
22 |UGRND_FLR _CNT Underground Floors o o
23 |USEAPR DAY Approval Date 0o 0
24 |1YYYY Approval Year 0 0
25 |MEGA _CD Metropolitan City Code Drop Null
26 |CTY_CD City Code Drop Null
27 |BDONG_CD District Code Drop Null
28 |BLOCK_CD Block Code Drop Null
3.2 FoM FIEt =alnx 2 7Pgsta, vk 1 Ajoje] ASRS FHOR 7 57
321 L& ChAIO] Xo| o Bt D5 X EAg ngg 5o wolstun; gt AgAle] e
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Cadastral map
(SHP)
Matching CODE: PNU
Building Data
Matching CODE: PNU

Seoul 977,944 Lots

v

2nd 15t. Refining

Table Join 3nd 2" Refining
o

Social Information
Standard Land Price

5 . Table Join
R Remove Auto Correlation
Density of
Manholes Spatial Join |

Geographical Info.

DEM(5 x5m)
(Land Elevation)

Flood Record Map Spatial Join

Spatial Join
(Average/Lot)

Flow Accumulation
(5%5m)

Slope (5x5m)
(Surface Flow Direction)

L Spatial Join
(Average/Lot)

. Spatial Join
(Average/Lot)

Base Date Set for
Vulnerability Diagnosis

562,579 Lots

Fig. 1. Basic data construction and processing process
of vulnerability diagnosis model using building
big data.
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Establishment of Climate Exposure Conditions

Flood damage in urban areas due to heavy rainfall
of more than 50mm per hour

D, A, jable definition: rep d di P

Defined area ratio of
flooded areabyalot:0~1

High Vulnerability : 1

Low Vulnerabi

Independent variable definition

Climate exposure is the

Sensitivity same in all areas of Seoul

Building information : 6 variables
Building Cover Area, Households, Building Cover Ratio,
Underground Floors, Main Usage, Approval Year

Social Information : 1 variable
Density of Manholes

Geographical Information : 3 variables
Flow i Average i ion Gap
Adaptability

Building information : 4 variables
Parcel Area, Flooded Area Ratio, Main Structure,
Floor Numbers

Social Information : 2 variables
Land Price per mt, Building Age

Derivation of spatial regression model using least square method

Statistical Significance Assessment

Final Spatial Regression Model

Fig. 2. Spatial regression model applying climate
change vulnerability concept.
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Table 2. Initial Variables Used to Diagnose Vulnerability from Building and Spatial Database
Type Column Name Contents Name Reason for Variable Adoption Category
Code FID Field ID -
Code PNU PNU Code -
Reference
Code JIBUN Lot Number -
Code YYYY Reference year -
Record FLD AREA Flooded Area Record of actual repeated damage
Vulnerability
Record RA FLD A Flooded Area Ratio The size of the actual damage
Building ARCH _AREA Building Cover Area Scale of building
Building BC RAT Building Cover Ratio Impervious to the parcel
Geographical ~ ELEV_GAP Elevation Gap Relative elevation of the parcel
Basis for D inati f T f E ic D D
Building MAIN_PURPS Main Usage asis for Determination o ypes of Economic Damage Due
to Flooding
Social FMLY_CNT Households Estimating the Number of People Affected by Flooding
Geographical ~ Avg ELEV Average Elevation Confirmation of land level Sensitivity
Geographical ~ FAC PLAR Flow Accumulation Check Surface Water Accumulation
Fi h locati f disch f
Social MHD_PLAR Manhole Density ind out the number and oc.atlon of discharge ports o
underground drainage backflow
Building ~ UGRAND FLR Underground Floors Sensitive buiding area on flood damage
Building USE YR Approval Year Confirmation of standard year of tl'le Disaster Prevention
- System for Buildings
Building GRAND FLR C Floor Numbers Determination of buffering capacity of building flooding
- - damage
Social JIGA Land Price per i Identify the economic capacity to recover from flood damage
Building VL_RAT Floor Area Ratio Identify building scale Adaptability
Building STRCT NM Main Structure Understanding durability of building
Building PLAT AREA Parcel Area Criteria for judging property damage due to flooding
Building BD AGE Building Age Determination of Damage Level Related to Building Age
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Ao} A2y SRE Qls) 12} sS4 dat, A
A 5142787 FoFd Fh= 2= DAl thel]l At 1tell
A 95% AlZGt7kef] Q= EE-S LISA Significant 27 &
g2 wemt dudos AYH YRS SAP
RIS UEhlth AR R S AR 24
(Moran’s )7} ==3F AMEE=E B, Moran’s 1 ZHS
0.854667= FrAIRE gk 7H HA]50] st oz Ixds|

Eie
=

1-11

Qi

faig
=

Ordinary Least Squares Estimation

GENERAL INFORMATION REGRESSION DIAGNOSTICS MULTICOLLINEARITY CONDITION NUMBER : 11.222857

Dependent Variable : RA FLD A TEST ON NORMALITY OF ERRORS

Number of Observations : 541278  TEST VALUE PROB

Mean dependent var : 0.11449 Jarque-Bera 629861.3337 0.00000

Number of Variables : 11 DIAGNOSTICS FOR HETEROSKEDASTICITY RANDOM COEFFICIENTS

S.D. dependent var : 0.315205

Degrees of Freedom : 541267 TEST DE VALUE PROB

Resquared : 0074474 Breusch-Pagan test 10 14886.1855 0.00000
Koenker-Bassett test 10 5828.8525 0.00000

F-statistic : 4355.37

Adjusted R-squared : 0.074456
Prob (F-statistic) : 0

Sum squared residual : 49773.1 TEST

Log likelihood : -122172 Moran's I (error)
Sigma-square : 0.0919567 Lagrange Multiplier (lag)
Akaike info criterion : 244365 Robust LM (lag)

S.E. of regression : 0.303244 Lagrange Multiplier (error)
Schwarz criterion : 244488 Robust LM (error)

Sigma-square ML : 0.0919548
S.E of regression ML : 0.30324

Lagrange Multiplier (SARMA)

DIAGNOSTICS FOR SPATIAL DEPENDENCE FOR WEIGHT MATRIX : 08 RESULTO1
(row-standardized weights)

MI/DF VALUE PROB

0.9495 786.4225 0.00000
1 623878.8228 0.00000
1 6003.6196 0.00000
1 618441.2017 0.00000
1 565.9985 0.00000
2 6244448213 0.00000

http://www.ekscc.re.kr



72

o] AERT (Fig. 5).
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Fig. 6. Results of cluster analysis through LISA analysis
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