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Typhoon Path and Prediction Model Development for Building Damage Ratio
Using Multiple Regression Analysis
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Abstract

Since typhoon is a critical meteorological disaster, some advanced countries have developed typhoon damage
prediction models. However, although South Korea is vulnerable to typhoons, there is still shortage of study in
typhoon damage prediction model reflecting the vulnerability of domestic building and features of disaster. Moreover,
many studies have been only focused on the characteristics and typhoon and regional characteristics without various
influencing factors. Therefore, the objective of this study is to analyze typhoon damage by path and develop to
prediction model for building damage ratio by using multiple regression analysis. This study classifies the building
damages by typhoon paths to identify influencing factors then the correlation analysis is conducted between building
damage ratio and their factors. In addition, a multiple regression analysis is applied to develop a typhoon damage
prediction model. Four categories; typhoon information, geography, construction environment, and socio-economy, are
used as the independent variables. The results of this study will be used as fundamental material for the typhoon

damage prediction model development of South Korea.

Keywords : typhoon, multiple regression analysis, building damage ratio, risk assessment
1. A & T S dovl= AR HuEQrH1], 539,

1.1 ool 25

Intergovernmental Panel on Climate Change(IPCC)
9] 52} Huo] m=w 29 2dslE Qs 19904
~20104 7|7} S0t Ak dl diz)e) sfoke] Lr
7} 5 A 28] Fio] 1Rkl wRt el 35 5 2

Received : May 19, 2016
Revision received : July 1, 2016
Accepted : September 1, 2016
* Corresponding author : Kim, Ji-Myong
[Tel: 82-2-758-4655, E-mail: jimy6180@gmail.com]
(©2016 The Korea Institute of Building Construction, All
rights reserved.

437

AlAA o= g I Bk oy} 279} et 57}
sEA sialp} sfotch Z71eRs 202 ek, dise
2 afje]] ke miRl i 5 el = 2F 9009 =
g,]—gHoﬂ.O_ HMHA]?ﬂl:]—[ ]

olof R HRImofAl= Eigol wE TsiE ARde| dl%
sl7] ffelf 2lam FARES skl itk nl=e] -,
FEMA(Federal Emergency Management Agency)l|A]
AlEsk= el AEH7F A1 HAZUS-HMS 285}
of ZdtAfstol wE wsiE APdol dl&ste] glAaa EA]
2 IS kL ok, Egh A PAQ FFer S, SRt
5 AP e ool 49, ofiel Fe)

o WA A 2242 QAN S 1, SR,

E‘C 1 X 7]—’



Typhoon Path and Prediction Model Development for Building Damage Ratio Using Multiple Regression Analysis

AE7)

AR A71H D AFE7 1, sV A s, Ay
57HA 2202 Aol 1‘41~oh o, o] tjafiA]
9l - ol Hlste] thalS o1, Aldfsiear Qlct
oA o]t sfe] AR AEA7HE At
o] XIS AR, 2| HA, 2|FA], g2 7] FE] Ao
= Qs =jell of=fgt AlARIES RHshe A 01?%"
Ao ke E3F, U9 eigol TiF e
B3] e, EATS et AER, E3AEle] el
FtEs FERt A0R vehb aie] Aol Agket 1)
S AP oS T 4= = o] Hagh Aol
olof] & AtollA= =7} EiFAIEE S3te] 20035
2014G7HA] = jol] A5 Fe PR IRl HieS AREE
otal B A}, ARl AHdTH S W
T2 AAste] Aemafer} 3FEAS AAIste] AR
s E dl&sh| St AETsle oS ds vREaAL o
o}, & ¢+9] Ak Aol A BiE Bl e =5
E o|=s)r] &5 mdl /S 9ot Ale s E-8E Aol

1.2 gigre| Wiy o He

2 A= 'S B dEelE oS RYE ke
AOE AR, =7 FAEE F8f 2003E5E 2014\7}
Al o]l Gk vl e AR EA, =YIEAA
O] A AHE Foto] Bfe2] FFE 2 2| H9] A=
Aol HlojeE ﬂﬂﬂt} ”WH ZEvjels g o
Qo] aresfosh= Bl BSEE el AR as], 7
e ag19] tﬂOlEE— TR YA, 9bA 3 TlolE
£ EiE SFAe Aol HiEed dETste o
< e AR Figure 12 2 1570 XI3) WS
LERAT

@ Building damage costs
(@ Total population of the area
form 2003 to 2014

| Data Collection |

Statistics method

¥ Dependence variable
@ Building damage costs rate

| Descriptive statistics analysis | ¥ Tntikpendence variable:

@ Hurricane type
@ Hurricane information
| @ Construction environment

| Correlation analysis |

| Regression Analysis

| Conclusion |

v

Figure 1. Methodology
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Table 1. Analysis of pervious studies
Variable
Author ) 2 3 4 5 6 7 8 9 10
lee etall/ill] ©O O O
Jung et al[12] ©
Shim et al.[13] O © O
Kim et al[14] ©
Jung et al.[15] ©
Burton.[16] © O © O

1) Movig Speed, 2) Wind Speed, 3) Wind radius, 4) Rainfall,
5) River, 6) River rate, 7) Park rate, 8) Dam, 9) Slope,
10) Hing-rise building
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Table 2. Region and typhoon code

Code Region Typhoon
1 Seoul MAEMI
2 Busan NABI
3 Daegu SHANSHAN
4 Incheon USAGI
5 Gwangju NARI
6 Daejun KALMAEGI
7 Ulsan DIANMU
8 Gyeonggi KOMPASU
9 Gangweon MALOU
10 Chung-bug MEARI
1 Chung-nam MUIFA
12 Jeon-bug KHANUN
13 Jeon-nam BOLAVEN
14 Gyeong-bug SANBA
15 Gyeong-nam
16 Jeju
3.2 s8¢
2 o= SHEAE SlRt %ﬁ‘ﬁ#?a Blgo= ¢l
3l g Agmlsiolnt 2t efe] & Qo] ulasl g
sfig= AAstrt. H=usido] OM AEdtes

Sig AN She A TlolElS 42t Apsielie) A
ofafole HiEo R ke ke Aol HAPL Hof glo
B 4] (1)3} o] ZETfaolS 7t A]ole] QIR Lol

HlgR 2|4t A A8 He)es AH8sier
DR =BC/R (D
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BC : AZmai (Buiding Damage cost)
RP : X|9 & 27+ (Region Population)
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Table 3. Characteristics of 7 type typhoons

Type Feature
1 going north of west sea to land in west coast
landing south coast
going north of west sea to land in china
passing the Straits of Korea to go north of east sea
going north to pass Japan
influencing to Korea passing china
influencing to Korea passing Japan
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Table 4. Independence variables

Factor Unit Description
Moving speed km/h Speed per an hour
Typhoon Wind speed m/s Maximum speed
information Wind radius km Wind radius
Rainfall mm Maximum rainfall
River ea Number of river
Geography ) )
River rate % Rate of river banks
Park rate % Park area/region area
i Dam ea Number of dam
Construction g NUmb ‘ol
environment ope ca . L.Jm erg slope
High-rise building ca Buildings with over 11
floors
4. dolE £4
41 18
ObA gl 7t e F=2 gl malsjelnt o
T FFE =2 A9 QIG5 HRIPAA ] Afs Ak
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Table 5. Building damage costs and population

Typhoon Typhoon Costs Population
code (1,000 won) (1,000 people)

1 MAEMI 90,378,143 20,215

2 NABI 3,595,000 10,485

3 SHANSHAN 75,000 2,594

4 USAGI 60,060 15,850

5 NARI 4,095,000 17,010

6 KALMAEGI 285,000 19,090

7 DIANMU 195,000 19,965

8 KOMPASU 1,597,080 26,852

9 MALOU 90,000 14,464

10 MEARI 685,800 33,795

1 MUIFA 20,179,200 34,932

12 KHANUN 676,200 29,910

13 BOLAVEN 26,046,000 29,972

14 SANBA 3,783,000 32,770

Total 151,740,483 307,911
Table 5= & oA g 50 948 7eE
A gt AR, eFAE 39 AR BiEIs 4 SApIe)
BlgaE 9 WE7) vludog A2 uhH giFAE 1§
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Table 6. Descriptive analysis

Table 8. Descriptive analysis according to types

Code Typhoon Type Costs (1,000 KRW)

90,00
108,692
135,000
685,800

48,498,480
98,451,143
151,740,483

~N O OB~ W
N — WO NP O

Total
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Table 7. Descriptive analysis of typhoon information

Wind wind

Typhoon  Moving speed . Rainfall
code (kmih) speed RS (micay)
1 44 38 460 2315
2 30 38 550 3275
3 43 33.0 250 415
4 31 17.0 180 58.0
5 22 46.0 200 420.0
6 33 18.0 200 198.0
7 56 24.0 120 59.0
8 56 24.0 150 120.0
9 41 19.0 140 90.5
10 59 25.0 350 167.0
11 34 34.0 390 200.5
12 45 25.0 250 1255
13 44 38.0 400 1729
14 41 31.0 350 141.0
Table 72 HEHEA219] 7| SAE Uepdt), ol
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: Wind wind .
Typhoon  Moving speed N - Rainfall
peed radius
Type (km/h) (m/s) (km) (mm/day)
1 45 31 299 77
2 39 36 311 103
3 59 25 350 90
4 41 19 140 60
5 — — — —
6 33 18 200 132
7 32 29 372 75
Table 82 EHiF= Zt EFIHE ER7slo] Habs 34k
2, g 5l e ﬁﬂo 71 8ARE Ao, SA

A} HFolsSes B 390 59%km/h, 2S5 B
o 290] 36m/s, 7P BRYl THO] 372km, Dt

T2 Y] 6Wo] 132mm=E el 7P 2 gho 2 A}
E3{ct,
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Table 9. Descriptive analysis for geography

Region River River rate
code (ea) (%)
1 40 99.6
2 50 60
3 29 80.0
4 32 50.7
5 35 87.1
6 29 65.6
7 102 59.5
8 516 62.7
9 254 55.8
10 174 71.0
" 544 102.0
12 472 47.0
13 561 45.0
14 365 59.0
15 683 45.0
16 60 62.0
Table 10 Z48H3 219 A, A|qHA], =

Aulg, |, HEAM, 13029 7 AE HEhdt
Table 103} o], ZAFAI; A GHAL 72| o] oF
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Table 10. Descriptive analysis for construction environment EE OECE= & o 4= Qi oo B AlojM= 2%
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Region  Par Rggon Park rate Dam  Slope Tﬂﬁ&r@e 75 28 F59¢ In(DR)Z 28510 alkEsE A
code m ? (%) (ea) (ea) (ea) Al&kact
1 16.41 216.30 7.58 0 1 37,729
2 8.36 104.07 8.03 1 5 12,469
3 7.87 81.73 9.63 7 5 6,190 1.0
4 13.03 82.96 15.71 10 0 8,763 o
5 6.05 56.74 10.67 3 1 4,751 - 987 Y.
6 8.21 63.57 12.91 2 6 5,078 . 15 g 06
7 1.97 4471 440 5 7 3,764 2 =
8 5058 49684  10.18 41 26 37,515 g1 £ 0.4]
9 3.50 163.29 2.14 39 87 3,958 & 5
10 7.08 154.47 459 33 46 3,848 5 0.2
1 7.1 242.34 293 68 50 5,055
12 5.15 204.21 2.52 70 15 4115 - S R R R 0 0.2 08_'4 do,'el 08 1.0
andardized residuals served value
13 887 27978 317 9 19 3,836 (a) Histogram (b) Pop Plot
14 635 30123 211 92 84 5,156 Figure 4. Check for normality of transformed value
15 7.94 252.21 3.15 55 47 9,224
16 1.81 58.51 3.09 0 0 1,384
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Table 11. Analysis method in accordance with the variable

Variable type  Categorical independent

A}, Tejns 2 siglege) E4as Thse Al

Continuous independent

- Chi-square test

- Logistic regression

= 740] Q3 o]oﬂ E— OJ:ILOHH‘:‘ Al(2)x} Zo] 23} %geegr%:f;' - Log linear model - Probit analysis
- - Logistic regression - Discriminant analysis
]_01 = ]- ]—ME} - Analysis of variance - Analysis of covariance
Continuous - Analysis of covariance - Dummy variable
dependent - Dummy variable regression
Transformed DR = Ln(Original DR) ————— 2) regression - Linear regression
) g 2 Ao TA0] B QIFE ARTsl Hlolg
4 S AME3lo] WA TELL, ©]F o)§dle] 35 7} i
~ BRI WAl Agslo] vlefel e Eleld Agishe
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Standardized residuals Observed value
(a) Histogram (b) P—P Plot i,

Figure 3. Check for normality of original value
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Table 12. Summary of regression analysis

Adjusted R Standard error of

Model R R square

square estimate
Statistic T74 600 552 1.524
Table 13. Analysis of variance
Sum of Mean :
Model squares df square F Slg'
Regression 289.301 10 28.930 12.441 .000
Residual 193.011 83 2.325
Total 482312 93
Table 13& 2 139] BARAS A5t Zu2 Gojg)
£°0] 0.05 o8|}l o= wHo] g-gol Foju] sjriar F4]
At
Table 14. Coefficient of regression
Model B Std. Error t Sig. VIF
(constant) -236 1.786 9.132 0895
MS 026 .018 1.434 155 1.571
WS 087 .027 3.184 .002 2.066
WR 004 .002 2.157 .034 1.627
RF .009 .003 3.301 .001 1.371
NR -.001 .002 -537 593 5.166
RR -015 .016 -925 358 1.765
GP -.046 .067 -.686 495 2575
ND 019 .010 1.916 .059 4.645
CS -.027 .007 -3.673 .000 1.631
-6.483E-
HB 5 .000 -2.589 011 2.746
TT 134 176 079 451 2.105
S5 Tuble 14 TGS T 3 dgos 2
Wl 3l Al ZgXA] A|3#2] VIF(Variance
inflation Factor)a: UeRR Aolc} tRrslAe =99
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In(DR) = —0.236 + 0,087'WS + 0.004"'WR + 0,009
RF — 0.027-CS - 0.00006483 HB —~— (4)
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Figure 5. Predicted value vs. actual value
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