J. Korea Water Resour. Assoc.

FHAKEEEEH
& /75 kﬁ ’J’? S f'l“ AI % Vol. 48, No. 9:757-768, September 2015
H484% #1995 - 20154 9] http://dx.doi.org/10.3741/JKWRA.2015.48.9.757
pp. 757~763 pISSN 12266280 ® eISSN 2287-6138

LU U TYSHSIEE DRfE ASSIEE B
Determination of Flood Risk Considering Flood Control Ability and
Urban Environment Risk
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Abstract

Recently, climate change has affected short time concentrated local rainfall and unexpected heavy rain
which is increasingly causing life and property damage. In this research, arithmetic average analysis,
weighted average analysis, and principal component analysis are used for predicting flood risk. This
research is foundation for application of predicting flood risk based on annals of disaster and status of urban
planning. Results obtained by arithmetic average analysis, weighted average analysis, and principal
component analysis using many factors affect on flood are compared. In case of arithmetic average analysis,
each factor has same weights though it is simple method. In case of weighted average analysis, correlation
factors are complex by many variables and multicollinearty problem happen though it has different weights.
For solving these problems, principal component analysis (PCA) is used because each factor has different
weights and the number of variables is smaller than other methods by combining variables. Finally, flood
risk assessment considering flood control ability and urban environment risk in former research is predicted.

Keywords : principal component analysis, flood control ability, urban environment risk
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Table 1. Part of Flood Risk Factor Analysis in Seoul
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Fig. 2. Graphic Result of Flood Damage Record Based on Annals of Disaster (1985~2013)

Table 2. Flood Risk Assessment by Arithmetic Average Analysis

it e (honsand wom | 0 e e
1 Gwanakgu 20,329,088 1 Songpagu 0.105738229
2 Nowongu 13,229,842 2 Gwanakgu 0.064730659
3 Dobonggu 12,546,760 3 Dongdaemungu 0.036077917
4 Gangbukgu 9,164,591 4 Gurogu -0.019873757
5 Seongbukgu 8,980,609 5 Jungnanggu -0.040182759
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Unit : Arithmetic average score
Songpagu
0.105738229
Gwanakgu
0.064730659
Dongdaemungu
0.036077917
Gurogu
-0.019873757
\ Jungnanggu
© -0.040182759
Fig. 3. Graphic Result of Arithmetic Average Analysis
Table 3. Part of Correlation by Weighted Average Analysis
Flooded | Impervious Persmial e, i Pgl?l%c Flooded Road
. . damage pump facilities e
area ratio | area ratio . . building damage
ratio station damage
Flooded
. 1.000 -0.265 0.219 0.507 0.556 0.568 0.418
area ratio
Impervious | oo 1.000 -0.325 0004 | -0426 -0.182 -0.402
area ratio
Personal
damage 0.219 -0.325 1.000 0.108 0.555 0.528 0.523
ratio
No. of
pump 0.507 0.004 0.108 1.000 0.371 0.531 0.266
station
Public
facilitiy 0.556 -0.426 0.555 0.371 1.000 0.758 0.887
damage
Flooded 0.568 -0.182 0.528 0531 0.758 1.000 0.612
building
s 0.418 -0.402 0.523 0.266 0.887 0.612 1.000
damage
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Table 4. Grouping according to the Correlation Coefficient

Small facilities damage

Group Variables Group Variables
F Average population
Victims
Flood damage G Rail damage
Public facility damage Flooded building
Road damage H Death
Hydraulic facilities damage -
A Stream damage Injury .
Small stream damage I Personal qamage 'ratlo
Military facilities damage Reservoir capacity
Personal facilities damage J Disappearance

No. of pump station
K No. of pump
Total discharge of pump

Flooded area

B Flooded area ratio L Sewage damage
C Administrative area M School damage

D Impervious area N Port damage

E Impervious area ratio O Fishing boat damage

Table 5. Flood Risk Assessment by Weighted Average Analysis

Rank Area (Ezsgaizmvigs) Rank Area Weighted average score
1 Gwanakgu 20,329,088 1 Jungnanggu 0.154091
2 Nowongu 13,229,842 2 Songpagu 0.103887
3 Dobonggu 12,546,760 3 Eunpyeonggu 0.073839
4 Gangbukgu 9,164,591 4 Gwanakgu 0.070509
5 Seongbukgu 8,980,609 5 Dongdaemungu 0.050833
762 BEKEREERLE
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Table 8¢

=

=

30.503
2.7152
11.396
51.744
123.436
13.648
14.307
8.474

ERIEEEE

[}
Variance Inflation Factor

Collinearity Statistics

Tolerance
0.033
0.363
0.088
0.019
0.008
0.073
0.070
0.118

sk, of

<)

0.260
0.141
0.382
0.953
0.000
0.000
0.478
0.115

b

S

Significant probability

% 20154 9H

o

i
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Road damage

Flooded building
Impervious area

Flooded area ratio
No. of pump station

Personal damage ratio
Public facility damage

Impervious area ratio

ol dg

~

Table 6. Results of Multicollinearity Test
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Table 7. Eigen Value and Cumulative Explanation Power of Each Componenis

Component Eigen value Cumglative Component Eigen value Cumglative
explanation power explanation power
1 11.847 0.39490 16 0.304 0.96586
2 3.425 0.50906 17 0.218 097313
3 2722 0.59978 18 0.185 0.97929
4 1.879 0.66241 19 0.130 0.98362
5 1.517 0.71297 20 0.118 0.98756
6 1.447 0.76119 21 0.099 0.99085
7 1.172 0.80028 22 0.080 0.99353
8 1.018 0.83420 23 0.064 0.99565
9 0.842 0.86225 24 0.040 0.99698
10 0.634 0.88338 25 0.033 0.99809
11 0.561 0.90209 26 0.024 0.99889
12 0.475 0.91791 27 0.019 0.99951
13 0.403 0.93133 28 0.009 0.99981
14 0.379 0.94397 29 0.006 1.00000
15 0.353 0.95574 30 0.000 1.00000
Table 8. Eigenvectors by Principal Component Analysis
Variables Prin, Prin, Pring Prin, Prin, Pring Prin, Pring
Flood damage(Z) 0.965 -0.110 0.112 -0.094 -0.058 0.037 0.083 0.060
Flooded area(Z,) 0.600 0.292 0.382 -0.377 -0.032 0.052 -0.302 -0.134
Administrative area(Z) 0.335 -0.308 0.706 -0.104 -0.046 -0.370 0.160 -0.023
Impervious area(Z,) 0.680 0.033 0.843 0.016 -0.212 0.218 0.271 -0.143
Flooded area ratio(Z%) 0.667 0.308 0.064 -0.385 0.060 0.086 -0.299 -0.115
Impervious area ratio(Z)| -0.432 0.352 -0.137 0.213 -0.095 0.583 0.062 -0.078
Average population(Z) | -0.233 0.313 0.298 0.365 -0.394 -0.318 0.309 -0.152
Zn 1(Z) OVH“ (Z), 2 Z), s (Z,), A& Pring & 3F( 24,9 F-okk, 12]al, F3% Pringe &RF
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Flood control ability =

(Area of AX ability of A)+ - +(Area of Zx ability of Z)
(Area of A)+ - +(Area of Z)

(©6)

Ability factor in each area =

100
Flood control ability in each area
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Table 9. Part of Flood Control Ability according to Pump Stations

Pump Area | Reservoir sy Current capacity | Required capacity | Flood control
Area . . 3. | frequency 3, . 3, . ..
station (ha) |capacity (m”) (year) (m”/min) (m”/min) ability (%)
Yongsan 181 121,000 20 460 652 71
Wonhyo 80 10,271 20 880 1,148 77
Hannam 250 35,000 10 1,200 2,345 51
Simwon 22 510 10 160 325 49
Bokwang 57 2,520 10 803 637 126
Yong 'y abinggo 620 10 110 101 109
sangu
Seobinggo 2 70 5 46 33 138
Bingchang 10 340 10 111 128 87
Hangangno 20 570 10 330 268 123
Samgakji 50 3,200 10 630 693 91
Moonbae 28 1,750 10 350 390 90
Table 10. Proper Capacity Ratio of Pump Stations in Seoul
Proper Proper Proper Proper Proper
Area capacity Area capacity Area capacity Area capacity Area capacity
ratio ratio ratio ratio ratio
Yongsangu 1.372 | Seongbukgu | 1.160 Gangseogu 1.058 | Gwanakgu | 1.563 | Seodaemungu | 1.000
Seongdonggu | 0.838 Nowongu 1.111 Gurogu 1.027 | Seochogu | 1.278 Jongnogu 1.000
Gwangjingu 0.936 | Eunpyeonggu| 1.163 Geumcheongu 1.091 |Gangnamgu| 1.000 Junggu 1.000
Dongdaemungu | 1.243 Mapogu 1.120 | Yeongdeungpogu | 1.081 | Songpagu | 1.009 | Gangbukgu | 1.000
Jungnanggu 1.191 |Yangcheongu| 1.101 Dongjakgu 1.137 |Gangdonggu| 1.204 Dobonggu 1.000
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3haaitt. Wgke o] 7+ AdE A W22 Eq. (8) Table 1201 1= AA| Hgjs)da) sibs9 B Ajs)
Ay th2-9] Table 110 JERAATE AP w3 FAREA A4S vaste] B o]x e
Rz |

2, JVEgatel o3 AvE F o XS =
ot e 4 gk Thek ez weis A e Hat ggol o
(Risk score of AX Area of A)+ - +(Risk score of Zx Area of Z) (8)
Cirea of A+~ +Crea of 2) @ dapo] PHR The e Auh el AAEA
ok= 0]-§ iFasa]
SR A T e, aen AdaRe w oo e SR
H3te] A E HEHFE okl Eq. (9ol uhet A= 4 H =
Atk ==
Disaster score = B A= IFdeded 98-S X HEE
e Flood control abiity x Fisk score ©  AFESle] AEBE, AEEE, PEE % ANABE 2
e Duration of data elah FAR BAS ATk WA, W S4us)vt
EunpyenEgu
GiZScore
I < 2568 5t Dev
B 252 --1.08 Sad Dev
i Seodaemungu - -1.06 --1.85 Sid Devw
Junggu I 125 - 1655w Dex
B 105 - 1.08 St Dev
| . Yongsangu 199 - 2.00 Sd. Dex
| Yeongdeungpogu > 258 Std. Dew.
Geumcheongu
Fig. 5. Graphic Result of Urban Environmental Risk in Seoul (Park, 2013)
Table 11. Urban Environment Risk Score in Seoul
Urban Urban Urban Urban Urban
Area |environment| Area |environment| Area |environment| Area |environment| Area |environment
risk score risk score risk score risk score risk score
Yong 1.000 Seong 1554 | Gangseogu| 2204 | Gwanakgu| 2093 | 2% | g8
sangu bukgu mungu
Seong
donggu 1.754 Nowongu 1.696 Gurogu 3.177 Seochogu 1.609 Jongnogu 1.037
Gwang | ) a1y Fun 1.616 Geum 3.297 Gang 1645 | Junggu | 1.050
jingu pyeonggu cheongu namgu
Dongdae Yeong Gang
mungu 6.287 Mapogu 1.398 deungpogu 1.674 Songpagu 2.449 bukgu 1.639
Jungn 1 aass | YA L 411 I Dongiakgu| 1202 | 0 | 1795 | Dobonggu| 1764
anggu ’ cheongu ’ nel ' donggu ' nes ’

766 BEKEREEMNE



Table 12. Flood Risk Assessment Considering Flood Control Ability and Urban Environment Risk

Flood damage PCA score con.si.dering
Rank Area (thousand won) Rank Area flood contr.ol ability E.lnd
urban environment risk
1 Gwanakgu 20,329,088 1 Gwanakgu 1.112754
2 Nowongu 13,229,842 2 Ganbukgu 1.020408
3 Dobonggu 12,546,760 3 Nowongu 0.873565
4 Gangbukgu 9,164,591 4 Dobonggu 0.846411
5 Seongbukgu 8,980,609 5 Jungnanggu 0.825036
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