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Abstract

As urbanization and climate change have surged all over the
world, many cities and governments have been trying to prepare the
protective design for cities and infrastructures resilient to natural
disasters but flooding in the city is still one of the biggest disasters.
In 2018, total amount for water disaster reached 1 trillion Yen in
Japan. Although large—scale reservoirs and underground drainage
systems are being installed at the national level, it is hard to construct
these kinds of facilities due to high cost and time—consuming
approval process. It, therefore, is needed to develop the preventive
design methodologies maximizing the safety of urban areas as well

as minimizing the construction cost of facilities.

The objective of this study was to suggest the preventive
designs for urban flood—risky areas adopted by local governments.
The types of floods can be classified into 1) urban floods caused by
the increase in impervious area, 2) river floods, 3) coastal floods
occurring at coastal areas, and 4) sudden floods caused by sudden

rainfall at steep slopes have. This study focused on urban floods, and
Gangdong — gu in Seoul was chosen as a target area as it has been

historically frequent floods. The disaster response technologies for
flood are mainly the reservoir, the extension of the pipe, and the
pitcher packing. However, because of the expensive construction
cost and a large number of complaints, the packing of pavement and

the extension of the pipe are difficult to be adopted. The location
80
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analyses of Gangdong — gu were executed by ArcGIS, and the types
of land use were classified based on the public data of the national
geographic information platform. These include schools, parking lots,
public facilities, and underground warehouses. The hydrological
analysis was carried out through ArcGIS's ArcHydro plug—in using

DEM data.

The flooded area and the watershed in Seoul were divided
into several types based on the analyses. The flooded area was in
the middle of the water flow, and the houses and commercial buildings
were most damaged. The affecting areas were houses and
commercial buildings, which were the most common types.
Gangdong—gu can be represented as these two types. The
technologies such as rainwater storage facilities, inundation sites,
storage facilities, ecological water storage, and distributed rainwater
storage were utilized for the flood—preventive design of Gangdong —
gu. In the case of rainfall of 100mm per hour, which was the largest
concentration of existing intensive rainfall, the flooded area without

technological substitution was 84,802m’, but the area was decreased

by 8,682m° with applying these technologies to the selected locations.

The reduction rate of flooded area is 97%, so it is concluded that the

proposed design is highly effective to mitigate the flooding risk.

Climate change scenarios and the probability of rainfall
intensity were also considered for the proposed design. In the case

of 40—vyear rainfall at RCP 8.5 (84 mm/h), no flooding occurred, but
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in the case of 70—year rainfall at RCP 8.5 (126 mm/h), half of the
existing flooded area was flooded, which would provide a guideline
for decision—making when the existing design is to be revised.
Finally, Hazard Capacity Factor Design (HCFD) concept was
proposed to generalize current proposed methods for urban flooding,
later on, for applying to coastal flood or river flood. The HCFD is
composed of quantifying both hazard from natural disasters and
capacity of target areas, considering the climate change scenario,
deterioration of infrastructure and system, contributions of the
applied technologies etc. The basic concept of this method compares
the hazard with the capacity to evaluate the safety factor of the city

or site regarding the disaster—resisting potential.

Nevertheless, this study has limitations such as insufficient
information for the characteristics of pavement and underground
drainage lines. It, however, would provide a methodology to design
flood—resisting systems for local governments, which is based on the
climate change scenario, topographic information, and site analyses.
The proposed methodology, therefore, would help decision making of

project implementation for mid—term and long—tern plan.

Keywords: Urban Flooding, Climate Change, ArcGIS, ArcHydro,

Storage Tank, Location Optimization
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TS

5 1. A&A 5 I3 4

- = o ojA | AW | HFHA AE TEAA
b ° ('3) (*8) (ha) (<) (<)
1992 40,501 7 1 0.2 1,245 35,191
1993 8,000 0 2 0 0 5,000
1995 4,311,782 0 5 0 13,673 4,210,248
1996 36,518 0 7 0 30,500 4,018
1997 461,352 161 0 35.6 148,850 31,785
1998 | 51,015,605 2,287 61 159.5 900,000 26,892,495
1999 | 10,509,003 1,823 3 0 310,500 9,569,815
2000 877,720 0 5 2 81,500 671,283
2001 | 58,368,240 465 | 139 50.2 8,128,300 31,885,987
2002 7,511,996 120 0 25 621,000 6,479,389
2003 1,890,520 0 1 0 24,000 1,477,621
2004 419,273 23 1 0 40,000 8,400
2005 101,000 0 1 0 30,000 71,000
2006 5,733,837 73 0 0 390,000 5,343,149
2007 0 0 0 0 0 0
2008 45,000 128 0 0 45,000 0
2009 24,390 541 0 2 15,000 1,218
2010 | 22,207,486 | 41,530 51 11,115.50 | 10,764,600 10,892,437
2011 | 31,316,701 | 34,253 22 0 9,283,800 21,928,860
2012 1,203,152 1,002 0 0 309,000 876,066
2013 896,379 176 1 0 64,200 831,321
2014 36,600 2 0 0 36,600 0
2015 0 0 0 0 0 0
2016 220,468 0 0 0 22,800 197,668
A | 249,203,434 | 772,753 | 1,306 | 38,262.20 | 36,965,516 | 143,673,646

83



5 2. A&A T+ & HF TE 8%

- e SadE | anar A Ak
dobong 1,668 625 0 0 0
dongdaemun 26,050 15,757 0 575 402
dongjak 60,159 70,686 690 188 736
eunpyung 438 435 0 0 1,035
gangbuk 2,097 8,658 0 24 221
gangdong 156,731 92,814 6,899 1,307 1,913
gangnam 2,206 72,325 0 0 791
gangseo 10,180 41,207 3,010 6,845 611
geumcheon 117 6,383 0 0 310
guro 11,172 18,274 0 0

gwanak 28,365 39,701 641 936 2,283
gwangjin 26,549 28,882 408 7,247 1,324
jongro 7,558 6,752 0 6,298 0
jung 0 23,196 0 0 0
jungrang 8,279 1,611 67 0 63
mapo 24,752 27,031 3,248 347 765
nowon 25,638 10,979 238 0 1,146
seocho 90,581 137,646 14,837 1,001 3,868
seodaemun 0 5,408 0 0 0
songpa 117,110 117,110 12,487 1,228 2,106
sungbuk 7,185 1,576 0 181 0
sungdong 0 0 0 0 0
yangcheon 107,301 49,498 2,597 0 2,879
yongsan 2,402 30,880 26 2,347 300
youngdeungpo 126,582 52,629 4,099 0 506
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223 AN T d 35 A 49

T dwkE | ASFE | olgE FEodE | FHdE
dobong 0 0| 1668.039 | 551.9866 | 96.27036
dongdaemun 22512.3 | 2809.466 | 584.4253 18632.4 4254.71
dongjak 44917.99 | 14294.84 | 781.4997 | 78982.02 | 2191.541
eunpyung 0 437.676 0| 1694.953 0
gangbuk 772.4691 1324.881 | 12021.74 | 574.6377
gangdong 83266.51 | 46855.92 | 26119.04 | 113998.7 | 4621.517
gangnam 0 0| 2205.766 80555.4 | 2182.829
gangseo 7664.929 | 2515.085 0 65880.1 | 7479.905
geumcheon 12356.38 | 2251.009 0| 7795.464 | 117.3011
guro 7293.693 | 3877.825 0| 19681.62 | 295.0186
gwanak 20432.81 | 6686.079 | 928.1212 | 49696.33 | 2153.137
gwangjin 22253.95 3608.44 | 286.9058 | 40655.92 | 2462.643
jongro 4810.118 | 2747.895 0 15606.3 | 1427.406
jung 0 0 0| 23196.33 | 67.20641
jungrang 6427.554 | 1851.175 0 2128.02 0
mapo 15443.09 | 7676.653 | 1632.138 | 30600.78 | 1184.661
nowon 8565.66 | 7095.176 | 9047.446 | 14895.22 | 484.0919
seocho 34869.71 | 25963.41 29748.2 | 177661.9 | 6857.702
seodaemun 0 0 0| 6887.439 0
songpa 79470.39 | 14345.99 | 23111.06 | 69428.19 | 6335.901
sungbuk 7086.557 | 98.76617 0 2170.69 9.88216
sungdong 0 0 0 0 0
yangcheon 39469.25 | 50612.28 | 17335.54 | 57437.04 | 4492.327
yongsan 1647.363 | 173.1916 | 581.7666 | 35369.52 | 1920.334
youngdeungpo | 113439.6 | 11200.39 | 2033.707 | 61201.84 | 1759.783
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5 4. A& 78 9F A9 1E &5

- =) BRI R E ISR e A gl
dobong 271,006 112,227 35,231 0 5,292
dongdaemun 128,960 68,374 7,309 49 3,838
dongjak 1,033,008 270,955 47,929 525 3,201
eunpyung 72,116 16,275 308 366 41
gangbuk 592,809 182,210 37,665 3,468 11,899
gangdong 802,955 396,826 88,652 1,806 11,233
gangnam 182,564 269,125 3,014 0 4,716
gangseo 474,598 228,506 16,549 16,844 14,818
geumcheon 517,850 189,852 31,966 4,098 8,246
guro 49,174 8,434 2,828 0 118
gwanak 585,327 174,808 44,707 979 4,718
gwangjin 382,817 174,698 26,833 10,544 7,336
jongro 314,743 217,154 51,085 50,501 748
jung 50,950 347,615 9,570 18,909 6,774
jungrang 71,763 18,146 10,814 0 179
mapo 155,872 130,395 294 970 1,836
nowon 177,987 94,556 32,832 1,048 3,314
seocho 890,532 804,612 123,044 79,349 38,712
seodaemun 68,321 113,171 160,561 1,468 240
songpa 120,021 42,741 11,025 2,650 1,115
sungbuk 20,964 3,753 623 0 0
sungdong 0 0 0 0 0
yangcheon 107,301 49,498 2,597 0 2,879
yongsan 278,153 113,144 18,533 1,783 1,216
youngdeungpo 263,931 89,436 11,395 0 846
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5 5. A4&A 7+ 3 IF A A& 713

T dwkE | ASFE | olgE FEodE | FHdE
dobong 88186.7 | 77089.31 | 105729.8 193969 | 9777.257
dongdaemun 83220.59 | 7765.189 | 37974.32 | 91614.28 4254.71
dongjak 620953.6 | 325255.8 86373.8 | 361758.3 | 12561.04
eunpyung 39217.63 | 14305.97 | 18610.73 | 21527.06 | 3856.765
gangbuk 395526.2 | 97899.92 | 98529.17 | 274055.7 | 19550.87
gangdong 404350.5 | 184211.7 | 213042.9 | 561789.6 | 35250.57
gangnam 56741.46 | 105012.6 | 21072.75 | 300107.2 | 9114.561
gangseo 220767.4 | 210977.8 | 43222.23 | 468777.2 26309
geumcheon 343247.4 | 97194.18 | 77240.77 | 271912.8 | 10976.55
guro 24510.94 | 22940.23 | 1722.767 11902.1 | 563.4054
gwanak 368644.4 | 147003.6 | 69678.93 | 246234.1 12520.7
gwangjin 243762.8 124934 | 12294.72 | 252958.3 | 12488.68
jongro 234316.2 | 60511.56 21241.9 | 413899.7 | 18854.79
jung 36068.02 | 2623.366 | 12258.88 | 428513.5 | 13602.93
jungrang 59154.93 | 12607.82 31395.7 | 2212.195
mapo 85604.18 | 56795.95 | 13471.56 | 138003.3 | 6205.264
nowon 40993.26 | 40724.61 | 95457.22 | 210014.9 | 15846.31
seocho 235677.5 | 271707.7 | 386599.1 1171278 45210.5
seodaemun 47832.32 | 13018.38 | 7470.163 | 323968.5 | 11295.53
songpa 82047.82 | 16607.32 | 21183.31 66271.7 | 2254.791
sungbuk 17521.81 | 711.5677 | 2730.447 | 4946.087 | 320.6706
sungdong 0 0 0 0 0
yangcheon 39469.25 | 50612.28 | 17335.54 | 57437.04 | 4492.327
yongsan 230553.6 | 32539.69 | 49585.37 358717 9746.34
youngdeungpo 208317 | 18597.78 | 37108.14 | 117252.8 | 5461.651
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