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Predicting the Design Rainfall for Target Years and Flood Safety
Changes by City Type using Non-Stationary Frequency Analysis
and Climate Change Scenario
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Abstract

Due to recent heavy rain events, there are increasing demands for adapting infrastructure design, including drainage
facilities in urban basins. Therefore, a clear definition of urban rainfall must be provided; however, currently, such a definition
is unavailable. In this study, urban rainfall is defined as a rainfall event that has the potential to cause water-related disasters
such as floods and landslides in urban areas. Moreover, based on design rainfall, these disasters are defined as those that
causes excess design flooding due to certain rainfall events. These heavy rain scenarios require that the design of various urban
rainfall facilities consider design rainfall in the target years of their life cycle, for disaster prevention. The average frequency
of heavy rain in each region, inland and coastal areas, was analyzed through a frequency analysis of the highest annual rainfall
in the past year. The potential change in future rainfall intensity changes the service level of the infrastructure related to
hand-to-hand construction; therefore, the target year and design rainfall considering the climate change premium were
presented. Finally, the change in dimensional safety according to the RCP8.5 climate change scenario was predicted.
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=2]9] 72~ Annette et al.(2008)7} 7| FHSA U] 2.2}
DHI (Danishi Hydraulics Institute) MOUSE %.&-&-
ol-g3to] A BA Alglo] AR o] mlR|= %
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Regional Climate Model)& 2-85}0] & 2| 247 6
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o Zagt AL}P-E RCM O 2R Y 358 = Q=4
oHE A5}, Alison et al.(2006) = S<=R1E=3l4]
ofl §2fet ROME o] 3]0} 7|5uis} o] W
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2001; Katz et al, 2002). 7]20] 25512 Blwaj47]H
& Fx|5FEA=7) IID (independent and identically
distributed) 278 ZR= ARJolakil 7}4sla 24 3t
EET S E83to] A7l sk SErw
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SIBICHKim et al., 2011). 21U AE2 Z3kx] 0|22
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Fig. 1. Flowchart of study.

1998; Groisman et al., 1999). Jang and Lee(2013) 7| ZHslzgu| oS Est A
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Fig. 2. Current status by administrative region and urban type.

Table 1. Status of observation stations by administrative region and urban type

Division Number of station (EA) Rate (%)
Capital 6 10.9
Kangwon 7 12.7
Administrative district Chungcheong 8 143
Gyeongsang 19 345
Jeolla 13 23.6
JeJu 2 3.6
. Inland 29 52.7
Gty type Coastal land 26 473
East sea 7 26.9
Coast type West sea 8 30.8
South sea 11 423

9} Zro] #A|7]171R1 Current (1976y~2005y)} ujel7]
ZF1 Future 1 (2011y~2040y), Future 2 (2041y~
2070y), Future 3 (2071~2100)0.& FE3lo] FAS
AAJeHATE

uboR MM BASP] SEAE SAM

(series of annual maximum) HHTEA4 YA oAk 7k
Y AAGARE o]-831= POT (Peak Over Threshold)
JPo] itk POT 7152 AR S| A7go] ofHar 2=
5 700) A ool MiERAe] AR 2 ALgsp]
of FAPE k. ARIA] AlDE ol gsh= A Nl
B4 e FA 7P BRAOE ofgEl /o
= WO GEV SBERS Fal 4SS 57
o= wHsITHColes, 2001). GEV S&5z0] 17}
ks A (DY 2o AA7IZHT)ol it =7t
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Fig. 3. Location of weather station.
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Fig. 4. Time range of study.

=4 (2)2F o] 34 4= K Coles, 2001).

F(z) = exp{—[l-l—{(%)]fl/f} (1)
- 1
T = T=F @

A7IA, p, oA &= YA|u7HH<(location

parameter), THEU|7H(scale parameter), FATT|7
H<4~(shape parameter)E- 2Ju|gich

AME7ZEE A (2)9] zHT} 2 7Fsdo] Sl AL
Z)9] Hato 72X A (stationarity) 7]HHoA= A&
71710] ARZI Wt EiH e B o] Ade =
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Table 2. The change rate of the design rainfall in the target year by administrative region (%)

Type Return period

Tendency

Consideration of climate change scenario

Future 1 Future 2 Future 3

(year) considerations
(2011y-2040y) (2041y-2070y) (2071y-2100y)
10 years 20.6 9.0 9.3 10.9
) 30 years 19.1 13.8 19.8 27.7
Capital
50 years 19.1 345 337 27.0
100 years 19.7 40.2 36.5 42.5
10 years 24.6 13.6 16.7 16.5
30 years 21.6 7.0 11.7 9.0
Kangwon
50 years 21.0 4.5 10.4 6.2
100 years 20.9 1.6 9.3 3.0
10 years 232 44.9 50.0 57.0
30 years 19.9 353 40.4 49.4
Chungcheong
50 years 19.0 39.3 44.7 52.9
100 years 18.3 42.8 48.6 56.1
10 years 222 35 5.6 9.8
30 years 19.5 4.6 6.7 11.0
Gyeongsang
50 years 18.8 6.0 8.3 13.0
100 years 18.4 7.3 9.4 143
10 years 20.8 9.9 8.1 9.5
30 years 19.4 5.8 4.2 5.9
Jeolla
50 years 19.6 44 2.8 4.7
100 years 20.5 3.0 1.3 3.7
10 years 23.2 1.0 5.6 1.1
30 years 22.1 29 7.3 3.0
JeJu
50 years 22.6 4.1 8.5 4.2
100 years 239 5.9 10.5 6.0
OI‘ﬂEOﬂ tiel} F2=o] S23] tievhes AAE ] A A7IM, z= Zﬁ(%%‘%‘i ), 1(t) = AZHO Ol F55
The 2E ARich 2oy vl e Sl & AN, o (1) = ARl F4E T (1)
AL} A Wk} SR o A0l A = Ao %ﬁ% Ao,
(Ol whe} ¥gtth= Zhe ofulsh, 7|19 sh= oA = GEV gHeixdge] ARKol 54 miiiess

PR AL Wl SAMo] HAbgoleis 7ol
Holg Aole} weke). v de SRy 14,
22} HHE So] = AIZKt)o| ue}t Weks Ao 3
=t Jeung et al., 2015). & =HojA= 24
SEEES o}gsjo] HIPAY MIERAS AXjalge

] 2] (3)7} 222 Fefl 2 HECHKim etal,, 2011).

Flat) = exp{f [Hf(t)(%‘;gt)

= GEV

) @)

m7HA] 7 vl A 7S Bl g E
o, e AR BRA] AEretum level) &
izt ol M A e s Bl
HrEe ot S S Q] whizel w7

W& ol gsto] 2215 GEV SE2g | Hays 4
K Coles, 2001; Mudersbach et al., 2010). AJ7Kt)
TEE Wi ES 5] SleliME o] 2REol

o185 4 glovt elfo] ofeleat B ws] 91
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Table 3. The change rate of the design rainfall in the target years by urban type (%)

Consideration of climate change scenario

Tvpe Return period Tendency
P (year) considerations Future 1 Future 2 Future 3
(2011y-2040y) (2041y-2070y) (201y-2100y)
10 years 25.0 34 3.6 49
30 years 222 33 4.0 5.8
Coastal land

50 years 21.8 35 45 6.6
100 years 21.7 39 5.4 8.0
10 years 19.7 21.1 24.0 27.8
30 years 17.7 16.7 20.7 26.1

Inland
50 years 17.4 21.8 24.5 25.7
100 years 17.6 23.0 25.7 294

QItk(Coles, 2001; Mudersbach et al., 2010). & =5
oW SIS sl el 4
9} AL ALFIATE A7H)ol B 913
UH7H () FARRKDO F&E e o () =1
}-00] kel 23S Aol AL ) 0
T}

N(t) = ot gt 4
logo(t) = o,+ot ®)
£t) = ¢ (6)
0:17]k] Hos H15 O 0'1‘1? /\] '4 H H ]Dq,
Pk s 25 225 ol gotel #geich

QPFAHHASS (7) ~ (9)2F o] Al

u(t) = po+pma(t) (7)
logo(t) = UO+Ulz(t) ®)
£t) = ¢ )
o714, z(t)+= gt

3. 7I=H217t 02 X|-QHM=0]| O|Xl= ek Eot
3.1, 7IRHELZ| 0] ME HEZRYO| HalE B4

311 EHX'I?.OEH:FI
YR ol wishE AR 2t AR S
ek 79 Table 29 o] A o] o 20% o]4fo]

F7FEE AR BAESI) 71 HSA U] 0.F 11
3 7% A A o] ne dE F990 o] STt
= AoR FAEGH, 53] = SN 2
2718 Zolat AYE et o= thE z|o| nlE] Z9
T 332 A 715k 2t onlshH, ool
ZEgtiu|7} . eslct Future 12] 73-9- 7oA 7}
FA7Y 7P 2| B4 =] a1, S52d-80llA] Future 17171
40%, Future 3 7]710]] 54% Z7fsk= A o2 71 37
EA =S
3.1.2. SHOt=A| Y WS A
SHFEA] W USR] -9- Table 33} Zo] Wi
A1) AR AP ishego] & Zlo® AU
o} e sl wf siekEAlollA ZRgAI7E of
22% ol F718FAL WRIEA Q] 7-9- °F 18% ol &
7Rtk 715 U] @5 aesilE o) ot
OF 3% ~ 7% AE 271319, WEEAR=S 16% ~ 26%
4= Sk

3.1.3. sHorH
kKo g Baor AA7ReEke. E3jol Ao
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Table 4. The variation rate of the design rainfall for the coastal year (%)

Return Consideration of climate change scenario
Tove eriod Tendency
py p considerations Future 1 Future 2 Future 3
(year) (2011y~2040y) (2041y~2070y) (2071y~2100y)
10 years 33.6 4.1 5.7 6.1
30 years 28.6 3.8 6.5 7.3
East sea
50 years 27.3 39 7.3 8.3
100 years 26.3 42 8.7 10.0
10 years 27.0 5.6 43 4.9
30 years 24.1 6.4 6.0 6.6
Wset sea
50 years 23.6 7.1 7.1 7.8
100 years 23.7 8.4 9.0 9.8
10 years 18.1 1.3 1.9 4.3
30 years 16.8 0.6 1.0 4.3
South sea
50 years 16.9 0.5 0.8 4.7
100 years 17.4 0.5 0.7 5.5
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& st
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Hom Fig. 5t A%, HAF Aoje] Bl AANIES

o S|
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3.2, 7|2Hs7t o2l X|-QFH=0]l 0jxl= & Gt

7|15 Hek= 7135 B/ d(non -stationary) 7H'E..
2 RSRAZ|AL glom, il 7]kt A 7H
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Table 5. Changes in flood safety by administrative region

=5 - A

2l

Return period (years)

Administrative district Future
5 10 20 50 100 200 250
® 1.8 32 5.3 9.0 18.8 34.1 62.5 76.4
Kangwon-do @ 1.7 2.7 42 6.8 14.1 26.1 49.0 60.5
® 1.8 2.8 43 6.8 12.8 21.6 37.8 455
® 1.9 34 5.7 9.4 18.6 315 54.2 64.8
Seoul and Gyeonggi-do @ 1.6 2.5 3.6 52 9.0 14.4 234 27.7
® 1.5 1.9 2.4 3.1 43 5.5 7.2 7.8
® 22 44 8.0 14.4 31.7 58.0 106.8 130.1
Gyeongsangnam-do @ 1.7 2.8 4.5 7.4 14.5 24.7 433 52.0
® 1.8 3.0 5.0 83 16.1 27.1 46.4 55.4
® 22 4.0 6.9 11.5 22.8 39.0 68.3 82.1
Gyeongsangbuk-do @ 1.8 32 5.4 9.0 17.8 30.5 539 65.4
® 1.8 3.2 5.3 8.5 16.3 27.0 459 54.7
® 2.1 39 6.4 10.7 21.3 36.8 66.0 80.3
Jeollanam-do @ 1.5 2.1 2.7 3.7 5.7 8.4 12.7 14.6
® 1.3 1.8 2.5 35 5.6 8.4 12.9 15.0
® 1.9 3.6 6.3 11.1 23.9 435 80.3 98.0
Jeollabuk-do ©) 1.5 22 33 5.1 10.0 17.3 31.6 38.5
® 1.4 2.0 3.0 4.5 8.4 13.8 232 27.6
® 2.1 3.8 6.5 10.7 20.9 34.6 58.5 69.5
Chungcheongnam-do @) 1.7 2.8 4.1 6.2 10.6 16.3 259 30.3
® 1.5 2.1 3.0 4.4 7.9 12.6 21.0 25.0
® 2.0 4.0 7.5 14.4 34.8 68.3 133.6 165.5
Chungcheongbuk-do ©) 1.7 2.5 3.7 5.6 10.1 16.2 26.8 31.6
® 1.6 24 3.6 5.7 11.7 21.3 39.2 47.7
® 1.9 4.1 8.2 15.8 36.5 68.4 126.6 154.8
Jeju ©) 1.7 29 49 83 17.7 33.0 61.9 75.4
® 1.5 2.4 4.0 7.3 16.4 30.8 60.4 76.1
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Fig. 6. Percentage of future frequency precipitation compare to the current region.
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