J. Korea Water Resour. Assoc.

BEKE /E 'ngf X g Vol. 48, No. 5:345-355, May 2015
W48 55 - 20154 5 http://dx.doi.org/10.3741/JKWRA.2015.48.5.345
pp. 345~ 355 pISSN 1226—6280 ® eISSN 2287-6138

JoHAE 7|FAILIZ|2E 0|2t MESX|H HlTA|AHC|
JELE XN
Climate Change Impact Analysis of Urban Inundation in Seoul Using
High-Resolution Climate Change Scenario

OI_E_EI_I.*/?:!XH E**/HHIE!E***
Lee, Moon-Hwan / Kim, Jae-Pyo / Bae, Deg-Hyo

Abstract

Climate change impact on urban drainage system are analyzed in Seoul by using high-resolution climate change
scenario comparing 2000s (1971 ~2000) with 2020s (2011 ~2040), 2050s (2041 ~2070) and 2080s (2071 ~2100). The
historical hourly observed rainfall data were collected from KMA and the climate change scenario—based hourly
rainfall data were produced by RegCM3 and Sub-BATS scheme in this study. The spatial resolution obtained from
dynamic downscaling was 5 x 5km. The comparison of probability rainfalls between 2000s and 2080s showed that
the change rates are ranged on 28~54%. In particular, the increase rates of probability rainfall were significant
on 3, 6 and 24-hour rain durations. XP-SWMM model was used for analyzing the climate change impacts on urban
drainage system. As the result, due to the increase of rainfall intensities, the inundated areas as a function of number
of flooded manhole and overflow amounts were increasing rapidly for the 3 future periods in the selected Gongneung
1, Seocho 2, Sinrim 4 drainage systems. It can be concluded that the current drainage systems on the selected
study area are vulnerable to climate change and require some reasonable climate change adaptation strategies.
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Fig. 1. Schematic Diagram of Study Procedure
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Table 1. Design Rainfall in the Reference (2000s) and Future (2020s) Periods (Unit : mm)
Durations
- - 60 (min) 120 (min) 180 (min) 360 (min) 2880 (min)
Periods Return Periods (yr)
10 64.2 104.2 140.4 190.1 326.0
2000s 30 76.3 1255 172.1 233.4 400.5
50 81.8 135.2 186.5 253.2 434.6
10 80.5 128.1 1772 221.4 470.0
2020s 30 99.3 1585 226.6 2755 609.1
50 107.9 172.4 243.3 300.2 672.7
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Fig. 6. Inundation Impact Assessment on Urban Drainage Simulations due to Climate Change

Table 2. Number of Flooded Nodes for Reference and 3 Future Periods

Number of Flooded Nodes
Watershed
2000s 2020s 2050s 2080s
Gongneung1 4/66 52/66 43/66 55/66
Seocho?2 2/24 21/24 13/24 18/24
Sillim4 3/33 25/33 22/33 27/33
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Fig. 7. Distribution of Flooded Node Number
according to the Frequency Interval at Each
Drainage Basin

Table 3. Estimated Overflow Amounts for the Reference and 3 Future Periods at the Selected Drainage

System
Watershed 2000s (m”*) 2020s (m”*) 2050s (m”) 2080s (m”)
Gongneungl 704 12,015 9,296 15,620
Seocho? 682 10,674 5,544 11,000
Sillim4 891 10,900 8,548 13,481

#5484 H5%E 20154F 5J]

353



2000s71%F tiv] 20205717k Hat LR W3&2 31.3%,
2000s717F tiv] 2050s717F2 22.7%, 2000s713} thH] 2080s
717l 61.4% S7Faldth A &2 a2 2000s7]
ZF oiE] 2020s, 2050s, 2080s71%te] €RFF Frlee
49.0%, 25.0%, 79.2% S7Fal ATt Bt 274 v+
2000s71%F tHH] 2020s, 2060s, 2080s7]17F2] EH 7}
2 46.8%, 30.6%, 68.0% 7]'0}L Zo R FAE oM,
&l MR, AE2 w2 A4 vl Te] 7
7 tiu] mf 3717k %%%k Ht S7H2 38.5%, 51.0%,
ABE%E A Z2 wiETte] Wt ARl Wt 7P A2
Al F7Fehe Zo® et

oN o

o Lo

oS:i_‘

i EAX Q1 &A1 AAselon, 71 2000s717F

tir] mlel 2020s, 2050s, 2080s717+e] SHE7-4-F
= heka, Aes) 1A 2 ARE ol gatel

aj Al 2Bl o] &S Frlelginh F8 AT A

s tewt 2

B B 7t %% 2B~54% urgruo ]g
A1k 3AIZY, 6217Y, 244170l EE g ——7]-:1:0]
A vebskth

< Brtelr] flete] FFl, Ax2, A9 wieETE
A om MR , H7E A mjE) 2020s,

]_
2050s, 2080s7]Xr 0.2 73?% g Ay 2" g e

2050s, 2030s717e] YFo A FIHES

26.1%, 695% LFERRITY.

B o] AnjollA] Hi= nle} o] Qlte} Ajato
A8 A= AeA o] A 7Tl w2 7Fgake

712 ols) nlgr|te g e g5 eake] A4 =)

o nE

354

ol @A T=H U= BH—’FM

2o AANEE A4 l Fshe gow galldedl B

= olEFol AT Zlow diddrt B RYS F9
Al ) g7E A b 2 A= SR e
oA WMEARY Aol A SRt Aes
L IS e I I e e =R Bl R Bt
tes ] F=olx 719lE Aolw, HvlslE Faxs)s)
7] SeiM = ?{ixﬂ Fofak A5l tek 5#7}2} H TX}

#Ale] 2

BT SEwER Bpedglel dvug
(14AWMP-B082564-01) 2} 2011 A% (v & 2z=2)st
o] Ao FHATFAGe] A AL o} S AT
AU THNo. 2011-0030040).

References

Alcamo, J., Doll, P., Kaspar, F., and Siebert, S. (1997).
“Global change and global scenarios of water use and
availability: An application of WaterGAP 1.0.” Report
A9701. Kassel, Germany: University of Kassel, Center
for Environmental Systems Research.

Bae, D.H, Jung, LW., and Kwon, W.T. (2007). “Generation
of High Resolution Scenarios for Climate Change
Impacts on Water Resources (I): Climate Scenarios on
Each Sub-basins.” Jowurnal of Korea Water Resources
Association, KWRA, Vol. 40, No. 3, pp. 191-204.

Bae, DH,, Jung, IW., and Chang, H. (2008a). “Long-term
trend of precipitation and runoff in Korean river
basins.” Hydrological Processes, Vol. 22, pp. 2644~
2656.

Bae, D.H,, Jung, LW., and Chang, H. (2008b). “Potential
changes in Korean water resources estimated by
high-resolution climate simulation.” Climate Research,
Vol. 35, pp. 213-226.

Denault, C., Millar, R.G., and Lence, B.J. (2006). “As-
sessment of possible impacts of climate change in an
urban catchment.” Jowurnal of the American Water
Resources Association, Vol. 42, pp. 685-697.

Giorgi, F., Francisco, R., and Pal, J. (2003). “Effects
of a subgrid-scale topography and land use scheme

BEKERBEMNE



on the simulation of surface climate and hydrology.
Part 1: Effects of temperature and water vapor dis—
aggregation.” Journal of Hydrometeorology: Vol. 4,
pp. 317-333.

Huong, H'T.L., and Pathirana, A. (2013). “Urbanization
and climate change impacts on future urban flooding
in Can tho city, Veitam.” Hydrology and Earth System
Sciences, Vol. 17, pp. 379-394.

Im, E.S., Park, EH.,, Kwon, W.T., and Giorgi, F. (2006).
“Present climate simulation over Korea with a regional
climate model using a one-way double—nested
system.” Theoretical and Applied Climatology, Vol.
86, pp. 187-200.

Im, E.S., Giorgi, F., and Bi, X. (2010). “Validation of a
high-resolution regional climate model for the Alpine
region and effects of a subgrid—scale topography and
land use representation.” Journal of Climate, Vol. 23,
pp. 1854-1873.

Jung, LW., Bae, D.H,, and Kim, G. (2011). “Recent trends
of mean and extreme precipitation in Korea.” Infer-
national Journal of Climatology; Vol. 31, pp. 359-370.

Kang, NR, Kim, S.J., Lee, KH, Kim, D.G., Kwak, JW,,
Noh, H.S., and Kim, H.S. (2012). “Impact of Climate
Change on An Urban Drainage System.” Journal of
Korean Wetlands Society; Vol. 13, No. 3, pp. 623-631.

Karamouz, M., Hosseinpour, A., and Nazif, S. (2011).
"Improvement of urban drainage system performance
under climate change impact: Case study.” Journal of
Hydrologic Engineering, Vol. 16. pp. 395-412.

Kim, KW. (2010). A Study on Runoff Analysis of Woo-1
Stream Basin Based on Climate Change, Mater degree
thesis, University of Seoul.

Kim, B.S,, Kim, BK, Kyung, M.S., and Kim, H.S. (2008).
“Impact Assessment of Climate Change on Extreme
Rainfall and I-D-F Analysis.” Journal of Korea Water
Resources Association, KWRA, Vol. 41, No. 4, pp.
379-394.

Lee, MLH., Shin, S.H., and Bae, D.H. (2012). “The Appli-

#5484 H5%E 20154F 5J]

cation Assessment of Future Design Rainfall Esti-
mation Method Using Scale Properties.” Jowrnal of
Korea Water Resources Association, KWRA, Vol. 45,
No. 3, pp. 253-262.

Lee, S., and Bae, D.H. (2012). “Local effects of climate
change over South Korea with a high-resolution
climate scenario.” Climate Research Vol. 54, No. 1,
pp. 85-93.

Meteorological Research Institute (2004). “The Devel-
opment of Regional Climate Change Scenario for the
National Climate Change Report(IIl).” Meteorological
Research Institute, KMA. (In Korean)

Olsson, J., Berggren, K., Olofsson, M., and Viklander, M.
(2009). “Applying climate model precipitation scenarios
for urban hydrological assessment: A case study in
Kalmar City, Sweden.” Atmospheric Research Vol.
92, pp. 364-375.

Olsson, J., Amaguchi, H., Alsterhag, E., Daverhog, M.,
Adrian, P.E., and Kawamura, A. (2013). “Adaptation
to climate change impacts on urban storm water: a
case study in Arvika, Sweden.” Climatic Change, Vol.
116, pp. 231-247.

Semadeni—Daviesa, A., Hernebringb, C., Svenssonb, G.,
and Gustafssonc, L.G. (2008) “The impacts of climate
change and urbanisation on drainage in Helsingborg,
Sweden : Combined sewersystem.” Journal of Hydrology;
Vol. 350, No. 1-2, pp. 100-113.

Son, KH.,, Lee, B.J., and Bae, DH. (2010). “Assessment
on Flood Characteristics Changes Using Multi-GCMs
Climate Scenario.” Journal of Korea Water Resources
Association, KWRA, Vol. 43, No. 9, pp. 789-799.

paper number - 14-112

Received : 14 November 2014

Revised : 26 January 2015 / 30 March 2015
Accepted : 30 March 2015

355



