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Influence Factors Suggestion and Prediction Model Development of Regional

Building Damage Costs according to Typhoon
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Abstract

Currently, according to the climate change, serious damage by typhoon has been occurred in the world. In this
respect, the research on the prediction model to minimize the damage from various natural disaster has been conducted
in several developed countries. In the case of U.S, various models to predict building damage costs have been used
widely in many organizations such as insurance companies and governments. In South Korea, although studies
regarding damage prediction model according to typhoon have been conducted, the scope has been only limited to
consider the property of typhoon. However, it is necessary to consider various factors such as typhoon information,
geography, construction environment, and socio—economy factors to predict the damages. Therefore, to address this
issue, first, correlation analysis is conducted between various variables based on the data of typhoon from 2003 to 2012.
Second, the damage prediction model by using regression analysis is developed based on suggested influence factors.
The findings of this study can be utilized to develop the model for predicting the damage costs of buildings by typhoon
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Table 1. Previous studies about influence factors

Author(year) Factor
1. Social Vulnerability
Cutter 2. Built Environment and infrastructure
(2008)[5] 3. Natural systems and exposure
4. Hazards mitigation and planning
Peacock et al. 1. Socio—demographic
(2005)[6] 2. Natural hazards
Tate et al. 1. Demographic characteristic
(2010)[7] 2. Natural hazards
3. Social vulnerability
1. Built environment and geographic feature
Burton 2. Demographic characteristic
(2010)[8] 3. Social vulnerability
4. Natural hazards
Brody et al ;S8 Vemeranit
(0089 = /

3. Geographic Vulnerability
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Table 2. Region and typhoon code

Code Region Typhoon
1 Seoul Bolaven
2 Busan Sanba
3 Daegu Muifa
4 Incheon Dianmu
5 Gwangju Kompasu
6 Daejun Malou
7 Ulsan Kalmaegi
8 Gyeonggi Man-vyi
9 Gangweon Nari
10 Chung-bug Shanshan
11 Chung-nam Nabi
12 Jeon-bug Mindulle
13 Jeon—-nam Megi
14 Gyeong-bug Soudelor
15 Gyeong-nam Maemi
16 Jeju
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Table 3. Building damage costs
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Region Costs(mil.won) Typhoon Costs(mil.won)
1 4,572 1 586,299
2 331,038 2 339,862
3 73,483 3 207,862
4 5,357 4 3,141
5 27,155 5 132,097
6 982 6 63
7 137,728 7 858
8 7,326 8 1,694
9 835,993 9 159,174

10 76,472 10 10,927
11 169,937 1 138,503
12 206,851 12 89,269
13 945,623 13 250,692
14 948,365 14 10,885
15 2,190,598 15 2,316,682
16 192,332

W o] 7S

ApalE e
a2l
MR, e ol

FIF -{01' rU-IU

ofsto]

7 8%s =5 U5E, =AY, | E*}@

2 ARk

A, el ke ZgTseto]
o L2 2 B3RS 8150] GFS AIck= 7 3
o AR 2 QAR Fl7|3
AZSE, Aol FAE, AR IS

i

1]

T,

Ha~2 ) Table 49} 7*01, BT H,
ArEAA| 8219 47) &

ER R AT BB %
= & AP Sis L83k BB o)
S, B, Aok, A Tl e
I,
oA o2 1

@ £ Hige] W A
jsjolo] gk vl Rt Aeld 4ol

sk, o
) AEfsolo] AHH0R QS
Z sl

| k2 gafsjole]

= 1A

Z7lele feloan A

=0 El.‘l"\:l ]’
e 475}

Ol
S

obi

518

Table 4. Independence variables

Factor Unit Description
Moving moving speed per
speed km/h hour
Pressure hPa central pressure
Typhoon ) maximum wind
information Wind speed m/s speed
Wind radius km typhoon wind radius
: maximum rainfall
Rainfall mm/day per day
River n number of river
Length km length of river
) o complete
Geography  River rate Yo improvement rate
Forest km? forest area
Coastline km coastline length
- buildings over fifteen
Buildings n years
Park km? urban park area
Construction  Dam n number of dam
environment number of cutting
Slope n slope
High-rise n buildings over
building eleven floor
(Fj’grﬁ)gilt?/non pop./km®  population per km2
Basic living person basic living recipient
Socio- Income 10,000won  ordinary income
economy - gross regional
GRDP mil. won domestic product
Crime n number of regional

crime
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Table 5. Descriptive analysis: typhoon information variable
Wind Wind

Typhoon Pressure : Rainfall
code Fl?rﬁ/eh% (hpa) S(’:r’f/g? ra?r%s (mm/day)

1 26 960 40 450 166
2 37 965 38 380 206
3 34 975 34 390 299
4 29 985 27 250 106
5 50 985 27 180 70
6 25 990 24 160 76
7 31 996 17 150 198
8 28 945 44 600 36
9 25 960 40 200 420
10 39 965 37 330 109
11 21 970 33 450 328
12 20 985 23 400 120
13 35 975 31 480 323
14 52 980 28 330 151
15 40 950 41 440 232

Table 6. Descriptive analysis: geography variable

Region River Length River rate  Forest Coastline(km)
code (ea) (km) (%) (km?) Land Ireland
1 40 248 100 150 0 0
2 50 264 60 363 224 90
3 29 291 80 483 0 0
4 32 141 51 414 364 590
5 35 214 80 197 0 0
6 29 214 71 289 0 0
7 102 490 59 690 132 4
8 516 3,490 63 5,577 209 11
9 254 3,579 56 13,673 286 32
10 174 2,346 61 5,036 0 0
11 544 3,057 102 4,468 704 283
12 472 3,259 47 4568 265 240
13 561 3,239 45 7,099 2104 3436
14 365 4,619 59 13,720 321 107
15 683 4201 45 7,100 1,347 747
16 60 605 62 904 308 112
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AEAM, 1245 45 YERdL} Table 71} o], =%
AZEI} n2ARS SrAx|olo] 717k 509, 279k,

EEASE, A, AsdEe] A 7k

Table 7. Descriptive analysis: construction environment variable

Region  Buildings Park Dam Slope High-rise building
code (N) (1,000m%)  (N)  (N) (N)
1 523,893 105,080 0 1 27,684
2 324,135 48,605 1 6 9,398
3 196,380 63,483 7 4 4,693
4 149,401 55,352 10 0 5,971
5 104,911 19,307 2 6 3,623
6 96,055 38,787 3 1 3,900
7 80,364 36,926 7 2 2,767
8 559,189 166,077 40 26 26,403
9 250,626 35,962 69 56 3,042
10 243,348 64,758 44 61 3,288
11 334,510 39,447 68 46 3,607
12 279,552 42,383 70 10 3,166
13 446,338 63,379 97 10 2,807
14 529,120 60,566 89 66 3,812
15 477,419 103,893 55 39 6,616
16 101,515 14,957 0 0 916
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Table 8. Descriptive analysis: socio—economy variable
GRDP Crime

Region Populatizon Basic living Income

code  (N/km°) (N) (10,000won)  (mil. won) (N)
1 16,019 196,396 4,850 242,000,000 6,910
2 4512 132,158 3,774 53,900,000 2,111
3 2,766 94,676 3,825 32,400,000 1,104
4 2,500 67,726 3,896 48,800,000 1,692
5 2,871 59,413 4271 21,800,000 950
6 2,709 44 548 4252 23,200,000 810
7 1,001 17,894 5,090 51,800,000 540
8 10,523 200,176 4688 20,100,000 5,835
9 87 62,379 3,376 26,200,000 692
10 199 55,388 3,774 31,500,000 738
" 238 74,634 3,612 61,900,000 1,021
12 222 111,063 3,624 30,300,000 763
13 146 116,239 3,400 50,200,000 750
14 137 121,093 3,743 68,500,000 1,097
15 283 104,200 4018 70,900,000 1,323
16 286 22 392 3703 91,700,000 335
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Table 9. Correlation analysis: typhoon information Table 10. Correlation analysis: geography
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Table 11. Correlation analysis: construction environment
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(c) Kolmogorov-Smirnov test

Figure 6. Check for normality of original value
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Figure 7. Check for normality of transformed value

4.3.2 44

5| 8A AT} Table 133 Zo], $4€ R’ ke
0.4270]w Hdlof tfgh FAREA 9] folekE E3t 0.050]
ol Uelsith & 2 IR gigol W Ewal|
dZo] thato] 42.7%2] AP 7HA|IL 9lon] H mEgo)

FEL fousieha EAE,

ot

Table 13. ANOVA and adjusted R square

Sum of Mean

Model squares df square F Sig.
Regression 512.588 1 26978 3.757 .000
Residual 639.080 238  7.181
Total 1151.669 239
Adjusted R square 427
a. Dependent variable: Ln(BD)
ESE Table 14+= ZF ¥ SlAAEE YeRALE 2=

Ha=of| ] VIF(Variance of Factor)7} 110]818 UERHE
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Table 14. Coefficients

Model B Std. Error t Sig. VIF
(Constant) 178.815 118.151 1.513 034

TC -.110 107 -1.026 .007 3.212
PC 487 372 1.312 .043 .881
PR -.163 114 -1.431 .036 4.685
WS 205 207 -.989 .026 2.880
WR 010 .003 3.640 .000 1.648
RF 018 .004 4918 .000 1.256
NR 056 .037 1.496 .038 9.565
RL 011 .008 -1.483 .042 0.387
CR -.118 068 -1.727 .028 8.400
FL 016 .001 1.212 .029 1.959
LC 012 011 -1.389 .018 4.413
IC .005 .004 1.300 017 4.994
OF 1.266 .000 .856 .024 5.600
ND .007 .060 -113 .010 6.989
CS .196 103 1.896 011 6.928
PD -.002 .000 1.320 .020 9.081
Ol -.657 .000 912 014 4.147
GD -.012 .001 -.859 .023 8.280

a. Dependent variable: Ln(BD)
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