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/] ABSTRACT /

When an earthquake occurs, the severity of damage is determined by natural factors such as the magnitude of the earthquake, the
epicenter distance, soil properties, and type of the structures in the affected area, as well as the socio-economic factors such as the
population, disaster prevention measures, and economic power of the community. This study evaluated the direct economic loss due to
building damage and the community’s recovery ability. Building damage was estimated using fragility functions due to the design
earthquake by the seismic design code. The usage of the building was determined from the information in the building registrar. Direct
economic loss was evaluated using the standard unit price and estimated building damage. The standard unit price was obtained from the
Korean Real Estate Board. The community’s recovery capacity was calculated using nine indicators selected from regional statistical data.
After appropriate normalization and factor analysis, the recovery ability score was calculated through relative evaluation with neighboring

cities.
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Fig. 1. Regional safety index [3]
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Table 1. SoVI (Social Vulnerability) index

No.| Notation Definition
1 QASIAN  |Percent Asian
2 QBLACK  |Percent Black
3 | QSPANISH |Percent Hispanic
4 | QINDIAN |Percent Native American
5 | QAGEDEP |Percent Population under 5 years or 65 and over
6 QFAM  |Percent Children Living in 2-parent families
7 | MEDAGE |Median Age
8 QSSBEN  |Percent Households Receiving Social Security Benefits
9 QPOVTY  |Percent Poverty

10 QRICH  |Percent Households Earning over $200,000 annually
11| PERCAP |Per Capita Income
12 QESL Percent Speaking English as a Second Language with

Limited English Proficiency
13 | QFEMALE |Percent Female

14 QFHH
15| QNRRES |Nursing Home Residents Per Capita

Percent of population without health insurance (County
Level ONLY)

17 | QED12LES |Percent with Less than 12th Grade Education
18 | QCVLUN |Percent Civilian Unemployment

19 | PPUNIT
20 | QRENTER |Percent Renters

21 | MDHSEVAL |Median Housing Value
22 | MDGRENT [Median Gross Rent

23 | QMOHO
24 | QEXTRCT |Percent Employment in Extractive Industries
25 QSERV  |Percent Employment in Service Industry

26 | QFEMLBR |Percent Female Participation in Labor Force
27 | QNOAUTO |Percent of Housing Units with No Car

28 | QUNOCCHU |Percent Unoccupied Housing Units

29 | HOSPTPC |Hospitals per Capita (County Level ONLY)

Percent Female Headed Households

16 | QNOHLTH

People per Housing Unit

Percent Mobile Homes
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Table 2. BRIC (Baseline Resilience Indicators for Communities) Index

Category No. Definition
1 (% population with college education) — (%population with less than high school education)
2 % Population below 65 years of age
3 % Households with at least one vehicle
4 % Households with telephone service available

) N 5 % Population proficient English speakers

Social resilience
6 % Population without sensory, physical, or mental disability
7 % Population under age 65 with health insurance
8 Psychosocial support facilities per 10,000 persons
9 Food security rate
10 Physicians per 10,000 persons
11 % Owner-occupied housing units
12 % Labor force employed
13 Negative Gini coefficient
. - 14 % Employees not in farming, fishing, forestry, extractive industry, or tourism
Economic resilience
15 Negative absolute difference between male and female median income
16 Ratio of large to small businesses
17 Large retail stores per 10,000 persons
18 % Labor force employed by federal government
19 % Population not foreign-born persons who came to US within previous five years
20 % Population born in state of current residence
21 % Voting age population participating in presidential election
Community capital 22 Persons affiliated with a religious organization per 10,000 persons
23 Civic organizations per 10,000 persons
24 Red cross volunteers per 10,000 persons
25 Red cross training workshop participants per 10,000 persons
26 Ten yearaverage per capita spending for mitigation projects
27 % Housing units covered by National Flood Insurance Program
28 Governments and special districts per 10,000 persons
29 Presidential disaster declarations divided by number of loss-causing hazard events
o - 30 % Population in communities with Citizen Corps program
Institutional resilience
31 Proximity of county seat to state capital
32 Proximity of county seat to nearest county seat within a Metropolitan Statistical Area
33 Population change over previous five yearperiod
34 % Population within 10 miles of nuclear power plant
35 Crop insurance policies per square mile
36 % Housing units not manufactured homes
37 % Vacant units that are for rent
38 Hospital beds per 10,000 persons
39 Major road egress points per 10,000 persons
Housing/infrastructural |~ ™, 10, ing units built prior to 1970 or after 2000

resilience
41 Hotels/motels per 10,000 persons
42 Public schools per 10,000 persons
43 Rail miles per square mile
44 % Population with access to broadband internet service
45 Farms marketing products through Community Supported Agriculture per 10,000 persons
46 % Land in wetlands

Envir(.)pmental 47 Megawatt hours per energy consumer

resilience
48 Average percent perviousness
49 Inverted water supply stress index
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Table 3. Composition of buildings in terms of structure type

S"T“;;‘;re Type of buildings Ratio
URML Unreinforced Masonry (1-5 stories) 30.40%
S1L Steel Moment Frame (1-5 stories) 26.80%
w1 Traditional Wood Structure 13.50%
C2L1 Concrete Frame with URM Infill Walls (1-2 stories) | 10.20%
c2L2 Concrete Frame with URM Infill Walls (3-5 stories) | 6.10%
C5L Pilotis Type Concrete Shear Walls (1-5 stories) 5.10%
C3L2 Concrete Shear Walls (3-5 stories) 1.50%
C4L2 Concrete Frame with Shear Walls (3-5 stories) 1.10%
W2 Western Wood Structure 0.80%
C3M Concrete Shear Walls (6-15 stories) 0.80%
C3H Concrete Shear Walls (16+ stories) 0.70%

Table 4. Composition of buildings in terms of building usage

Rank Building Usage Ratio
1 Single Family Dwelling 53.90%
2 Type 2 neighborhood living facility 10.40%
3 Type 1 neighborhood living facility 9.10%
4 Factory 6.50%
5 Multi Family Dwelling 5.20%
6 Warehouse facilities 4.60%
7 Facilities related to animals and plants 3.00%
8 Education and research facilities 1.30%
9 Hotel 0.70%
10 Automobile-related facilities 0.70%
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Table 5. Summary of building damage (Probability of each structural

damage state)

Structure No Slight | Moderate | Extensive | Complete
type damage
URML 23.2% 16.8% 44.9% 6.2% 8.8%
S1L 48.5% 22.0% 26.6% 2.4% 0.5%
w1 34.3% 39.8% 24.3% 1.5% 0.1%
Cc2L1 36.2% 30.2% 27.9% 2.9% 2.8%
C2L2 22.4% 30.0% 38.2% 6.2% 3.2%
C5L 13.3% 25.1% 42.4% 12.2% 6.9%
C3L2 14.4% 31.0% 40.3% 12.2% 21%
C4L2 74.9% 16.7% 7.4% 1.0% 0.0%
W2 65.6% 27.7% 5.3% 0.8% 0.6%
C3M 441% 20.4% 30.8% 4.4% 0.4%
C3H 46.0% 23.8% 25.5% 4.5% 0.3%
Table 6. Expected loss per structure type
Structure Type Total Flogr Area L(.)SS. Value/ | Loss Value/
(m?) Building Value| Total Loss
URML 2,754 9.50% 41.7%
S1L 11,615 0.71% 6.6%
w1 540 1.14% 1.0%
caL1 3,395 2.36% 8.0%
c2L2 6,392 2.57% 16.9%
C5L 2,500 2.37% 8.1%
C3L2 774 1.87% 1.6%
C4L2 1,367 0.90% 1.2%
W2 70 0.63% 0.1%
C3M 4,852 1.02% 5.2%
C3H 7,015 0.96% 71%
Total - 2.16% -
ARE AR T olg Bol Aetle) BrseS Wrlek Al ()7 2
= FEE A4 EASIE Ui ghe Bl eR A oSkl

e mA
EFARE = Soerasy ®
A|efo] e e o A Aple) A1 o) At B
HY71E 9fo) A E A3t oot k.

S I N e

ARE R

FEAgofels
A5 AHGRDP)
197K

SR

Sl

e

A=



0. AR

£ ATOAI AR A A(C)T} A-E 2270 ARPR(C2-C23)°]
 912] Ao S e Hlo|el S B AZD =Y BE F Hits}
SHL Al S Bl B e S APshch A 10709) A
Arhriet ulgo] EAEo] ik 1740k AR Kol 7} Gz A4}
Alo) EARo|e S A vlmshe 2 Bt SEgolele] 4o}
Ao EA AT} e AT Qo] T vl Waksto] Ags)
Ak ERHEAAL B s elo] AR TS T 5(1,3,8,9) L U
2 RARNFIE 7R (2, 4, 5, 6, 7)S 242 Bk,
olgA HTE dolH =R B usS At ozt o
&0 5 @A A 5 9l

=

1. Min-max normalization : Z} A|EHZ 7121, a7k 002 ¥
Slol 7 AR] BEGS B ) 2

p=—"n (6)

2. z score normalization : H3}S | F 0] HHZES- 0, BALS 1 H|EE ¥
gkl &,
e

I‘VIC(LTL
= mean 7
s=— @

2] 7] Min-max #5f3}= u]==2] National risk index2] BRIC A|4>

A4 A Gl HAto]u, 1 Al 2 score HTHEN=SoVI X4 4] A
Sl oIk ok A0] fARHEAS L AIH()S So] 4

BFEa} Belzib]8) 7} % Aok AeE %%Jxli—ﬂrtﬂﬁﬂﬂﬂ 5
9]}, wfe}A] BRIC 7422] 79 Table 20] LeR vj} 220] 67] 212 3
o] 12 AL 1) 2ol 53 el e Al 1 Bk
2 HeE AL SoVI R|429] 7932 Q154 (Principal Component
Anaysis)& 4-3l5lo] 23S Ao]e] §AMIS wielslol 145 Argaic

E A-tof| A= z score normalization © 2 F3RE 229 Q1A (Prin-
Srajato] TS AJole] SAMS B
O, B AT B ol g, ek, A, S eel
U1, 19l7llge) 7 AT7E APo] S slte) gl m) Ay
O} ARSI o] T THE 118, GRDPR} FL5ee7 | tulgo] A Wy
1502 BAth

Table 7& X #2] 15 o|& Min-max normalization2] 792} z
score normalization®] 73 T8 X429 Wolgho 2 HE| A3t B4
e 123 2 A9 AR 2918 Lkl Folck, Be] 7
$-847h B AL WIS 19 Helol 1.0 siick AMAE
(C1)9] £9]+= Min-max normalization®] 7-%- 237} XX A|% 8¢,
PCAS| 745912 Lhehdrh, AAIA 0. 2 u) ¥ 5284 Aeh
Aol weh AAA]E S91 ghts] AR oLt ol B §AM
&7k Ao ek,

cipal Component Anaysis)<

Table 7. Resilience scores

City min—max PCA
Score Rank Score Rank
C1 0.988 8 1.132 5
c2 0.985 10 1.086 10
C3 0.986 9 1.096 9
C4 0.902 18 0.847 15
C5 1.271 1 1.936 1
Cc6 0.923 15 0.904 14
c7 0.999 6 1.126 6
Cc8 0.911 16 0.820 19
Cc9 0.967 13 1.066 11
C10 0.868 20 0.840 16
C11 1.053 3 1.213 3
C12 0.978 12 0.962 13
C13 1.027 5 1.171 4
C14 0.991 1.059 12
C15 0.780 23 0.389 23
C16 0.948 14 0.836 18
c17 0.903 17 0.714 20
C18 1.028 4 1.122
C19 0.980 11 1.116
C20 0.853 22 0.658 22
c21 1.096 2 1.364 2
Cc22 0.883 19 0.706 21
c23 0.862 21 0.837 17
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