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Abstract

In Seoul, it has been confirmed that the duration of rainfall is shortened and the frequency and intensity of heavy rains are increasing
with a changing climate. In addition, due to high population density and urbanization in most areas, floods frequently occur in
flood-prone areas for the increase in impermeable areas. Furthermore, the Seoul City is pursuing various projects such as structural and
non-structural measures to resolve flood-prone areas. A disaster prevention performance target was set in consideration of the climate
change impact of future precipitation, and this study conducted to reduce the overall flood damage in Seoul for the long-term. In this
study, 29 GCMs with RCP4.5 and RCP8.5 scenarios were used for spatial and temporal disaggregation, and we also considered for 3
research periods, which is short-term (2006-2040, P1), mid-term (2041-2070, P2), and long-term (2071-2100, P3), respectively. For
spatial downscaling, daily data of GCM was processed through Quantile Mapping based on the rainfall of the Seoul station managed
by the Korea Meteorological Administration and for temporal downscaling, daily data were downscaled to hourly data through k-nearest
neighbor resampling and nonparametric temporal detailing techniques using genetic algorithms. Through temporal downscaling, 100
detailed scenarios were calculated for each GCM scenario, and the IDF curve was calculated based on a total of 2,900 detailed scenarios,
and by averaging this, the change in the future extreme rainfall was calculated. As a result, it was confirmed that the probability of rainfall
for a duration of 100 years and a duration of 1 hour increased by 8 to 16% in the RCP4.5 scenario, and increased by 7 to 26% in the
RCP8.5 scenario. Based on the results of this study, the amount of rainfall designed to prepare for future climate change in Seoul was
estimated and if can be used to establish purpose-wise water related disaster prevention policies.
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Fig. 1. Current status of 128 flood-prone areas in Seoul
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1. Bias correction of climate change scenario data through the Quintile Mapping

Time range/unit : Observed period(ex 1976-2005), Daily
Data : Observation and 29 GCM data (RCP4.5, RCP8.5)

—» Results : Bias Corrected daily GCM data generation

2. Development and application of nonparametric time unit downscaling method

Time range : Future period(ex 2006-2100), Daily — Hourly
Data : Bias Corrected daily GCM data and observation hourly data

—» Results : Bias Corrected hourly GCM data generation

3. Calculation of future probability rainfall and development of IDF curve

Time range : Observation and future period, Hourly
Data : Maximum annual rainfall by duration

—» Results : Generation of IDF curves for future probability rainfall of multiple GCMs

Fig. 2. Research promotion procedure

Table 1. Used climate model information and related organizations

Number Gl Grid Size Related Organizations / Reference
(GCMs) Lat (°) Long (°)

! cesmd 09420 1.200 National Center for Atmospheric Research /

2 CESMI-BGC 0.9420 1.2500 Gent et al. (2011), Doney et al. (2009), Neale et al. (2010)

3 CESM1-CAMS5 0.9420 1.2500

4 CMCC-CM 0.7480 0.7500 Centro Euro-Mediterraneo per I Cambiamenti Climatici /

5 CMCC-CMS 1.8650 1.8750 Scoccimarro ef al. (2011), Manzini et al. (2012)

6 CNRM-CM5 1.4010 1.4060 Centre National de Recherches Meteorologiques / Voldoire et al. (2013)

7 CSIRO-MK3-6-0 1.9000 1.9000 CSIRO Marine and Atmosphere Research (Melbourne), Australia /

Rotstayn et al. (2010)

8 CanESM2 2.7910 2.8130 | Canadian Centre for Climate Modelling and Analysis / Chylek et al. (2011)
Institute of Atmosphere physics, Chinese Academy of Sciences (TAP),

? FGOALS-g2 1.6590 28130 and Tsinghrl)la Unri)vgrsity (THU), China/ L?et al. (2013)( :

10 FGOALS-s2 16590 2 8130 LASG, Institute of Atmospheric Physics, Chinese Academy of Sciences /

Bao et al. (2013)

1 GFDL-CM3 20230 25000 Geophysical Fluid Dynamics Laboratory, USA /

12 GFDL-ESM2G 2.0230 2.5000 ll))ozner et al. (20?1 ), Dunne et al. (;}312)

13 GFDL-ESM2M 2.0230 2.5000

14 HadGEM2-AO 1.2500 1.8750 Met Office Hadley Centre /

15 HadGEM2-CC 1.2500 1.8750 Collins et al. (2008), Martin ef al. i]ZOl 1), Jones et al. (2011)

16 HadGEM2-ES 1.2500 1.8750

17 IPSL-CMS5A-LR 1.8950 3.7500

18 IPSL-CM5A-MR 1.2680 2.5000 Institut Pierre-Simon Laplace / Dufresne et al. (2013)

19 IPSL-CM5B-LR 1.8950 3.7500

20 MIROC-ESM 2.7910 2.8130 Japan Agency for Marine-Earth Science and Technology,

21 MIROC-ESM-CHEM 2.7910 2.8130 Atmosphere and Ocean Research Institute (The University of Tokyo) /

22 MIROCS5 1.4010 1.4060 Watanabe et al. (2011a, b), Watanabe et al. (2010)

23 MPI-ESM-LR 1.8650 1.8750 Max Planck Institute for Meteorology (MPI-M) /

24 MPI-ESM-MR 1.8650 1.8750 Giorgetta et al. (2013), Jungclaus et al. (2006)

25 MRI-CGCM3 1.1220 1.1250 Meteorological Research Institute / Yukimoto et al. (2012)

26 NorESM1-M 1.8950 2.5000 Norwegian Climate Centre / Tjiputra ef al. (2013)

27 BCC-CSM1-1 2.7910 2.8130 Beijing Climate Center, China Meteorological Administration /

28 BCC-CSM1-1-M 1.1220 1.1250 Wu et al. (2010, 2014)

29 INM-CM4 1.5000 2.0000 Institute for Numerical Mathematics / Volodin et al. (2010)
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Table 2. Results on the future probable precipitation during target periods in Seoul (RCP4.5)

Future | Return Periods Hist. Duration (hr)
Periods (Year) (1 hr) 1 2 3 6 9 12 15 18 24 48

10 67.8 72.9 114.7 149.5 197.8 | 224.1 2453 265.1 286.4 | 317.0 | 377.6

20 77.4 83.5 131.6 172.7 | 2279 | 257.1 282.1 305.8 | 332.0 | 369.3 439.8

30 83.0 89.5 141.2 186.0 | 2453 | 276.1 303.4 | 3293 3582 | 399.3 475.6

P1 50 89.9 97.1 153.3 202.6 | 267.0 | 299.9 | 3299 | 358.6 | 391.0 | 436.8 520.3
30 96.3 104.1 1644 | 217.8 | 286.8 | 321.7 354.1 3854 | 421.0 | 4712 561.2

100 99.3 107.4 169.6 | 225.0 | 296.2 | 332.0 | 365.6 | 398.1 4352 | 4875 580.6

200 108.6 117.6 1859 | 2474 | 3253 363.9 | 4013 4375 | 479.2 537.9 | 640.7

10 67.8 76.9 121.0 157.5 210.5 | 2403 2644 | 2869 | 310.3 3454 | 4132

20 77.4 88.3 139.0 182.1 243.1 276.4 | 3049 | 331.8 | 360.3 4029 | 4819

30 83.0 94.8 149.4 196.3 261.8 | 297.1 3282 | 357.6 | 389.1 436.0 521.4

P2 50 89.9 103.0 1624 | 214.0 | 2852 | 323.1 357.3 389.9 | 425.0 | 4773 570.8
80 96.3 110.5 1742 | 2302 | 306.7 | 3469 | 383.9 | 419.5 | 458.0 | 5152 | 616.0

100 99.3 114.0 179.8 | 2379 | 316.8 | 358.1 396.5 4335 | 4735 533.1 637.4

200 108.6 125.0 197.3 261.7 | 3483 393.0 | 4357 | 4769 5219 | 588.7 703.8

10 67.8 77.8 122.6 160.4 | 213.7 | 242.0 | 264.7 | 2854 | 307.7 339.2 | 402.1

20 77.4 89.4 141.1 1859 | 2472 | 278.6 | 305.2 | 330.1 357.2 3954 | 468.5

30 83.0 96.1 151.7 | 200.5 266.5 299.6 | 328.6 | 355.7 | 385.7 | 427.7 506.6

P3 50 89.9 104.5 165.0 | 2189 | 290.5 3259 | 357.8 | 387.8 | 4213 468.1 554.3
80 96.3 112.1 1772 | 2356 | 312.6 | 350.0 | 3845 4172 | 4539 | 505.0 598.0

100 99.3 115.8 183.0 | 243.6 | 323.0 | 3614 | 397.1 431.1 469.3 522.5 618.7

200 108.6 127.0 | 200.8 | 2682 | 3554 | 396.7 | 4364 | 4742 517.2 576.8 | 682.8

Table 3. Results on the future probable precipitation during target periods in Seoul (RCP8.5)

Future | Return Periods Hist. Duration (hr)
Periods (Year) (1 hr) 1 2 3 6 9 12 15 18 24 48
10 67.8 72.3 112.7 146.0 194.6 222.5 2449 265.5 287.9 320.9 385.9
20 77.4 82.7 129.1 168.4 2243 255.5 282.0 306.7 334.2 374.5 450.4
30 83.0 88.6 138.5 181.2 | 2413 | 2745 | 3034 | 3304 | 360.8 | 4053 | 487.5
Pl 50 89.9 96.1 150.2 1973 | 262.7 | 2982 | 330.1 360.1 394.1 4437 | 5339
80 96.3 103.0 | 161.0 | 212.1 2822 | 320.0 | 354.5 | 3872 | 4245 | 479.0 | 576.4
100 99.3 106.2 | 166.1 219.0 | 291.4 | 3303 | 366.1 400.0 | 439.0 | 495.7 | 596.5
200 108.6 116.3 181.9 240.7 320.1 362.2 402.0 439.9 483.7 547.4 658.8
10 67.8 77.1 121.7 158.5 211.4 241.0 264.7 287.1 310.6 346.7 412.7
20 77.4 88.3 139.5 182.8 2433 276.2 304.1 330.8 359.6 403.5 480.2
30 83.0 94.8 149.7 196.8 261.6 296.4 326.8 356.0 387.7 436.2 518.9
P2 50 89.9 102.8 162.4 214.2 284.6 321.7 355.2 387.5 4229 477.0 567.4
30 96.3 110.2 174.1 230.2 | 305.6 | 3449 | 381.1 4163 | 4552 | 5143 | 611.8
100 99.3 113.7 | 179.6 | 237.7 | 3155 | 3559 | 3934 | 4300 | 4704 | 532.0 | 632.8
200 108.6 124.5 196.8 | 261.2 | 3463 | 389.9 | 431.5 | 4723 | 517.7 | 586.9 | 698.0
10 67.8 84.3 133.5 174.9 234.6 267.4 293.7 319.5 345.4 386.7 462.8
20 77.4 96.7 153.4 202.2 270.6 307.1 338.0 368.8 400.3 450.5 540.0
30 83.0 103.9 164.8 217.9 291.3 330.0 363.5 397.2 431.9 487.3 584.5
P3 50 89.9 112.8 179.1 237.6 317.2 358.6 3954 432.7 471.4 533.2 640.0
30 96.3 121.0 192.1 255.5 | 3409 | 384.7 | 4245 | 465.1 507.6 | 575.2 | 690.8
100 99.3 124.9 198.3 264.0 352.2 397.1 4384 480.5 524.7 595.1 714.9
200 108.6 1369 | 217.5 | 290.4 | 387.0 | 4355 | 481.2 | 5282 | 577.8 | 656.8 | 789.5
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