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Abstract

Extreme floods occur more often recently as the frequency of extreme storm events increase due to the climate change. Because the extreme flood
exceeding the design flood can cause large-scale disasters, it is important to predict and prepare for the future extreme flood. Flood flow is affected by
two main factors; rainfall and land use. To predict the future extreme flood, both changes in rainfall due to the climate change and land use should be
considered. The objective of this study was to simulate the future design flood in the Hwangguji river watershed, South Korea. The climate and land use
change scenarios were derived from the representative concentration pathways (RCP) 4.5 and 8.5 scenarios. Conversion of land use and its effects
(CLUE) and hydrologic modelling system (HEC-HMS) models were used to simulate the land use change and design flood, respectively. Design floods
of 100-year and 200-year for 2040, 2070, and 2100 under the RCP4.5 and 8.5 scenarios were calculated and analyzed. The land use change simulation
described that the urban area would increase, while forest would decrease from 2010 to 2100 for both the RCP4.5 and 8.5 scenarios. The overall changes
in design floods from 2010 to 2100 were similar to those of probable rainfalls. However, the impact of land use change on design flood was negligible
because the increase rate of probable rainfall was much larger than that of curve number (CN) and impervious area.
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gk B a2t 79 9] 7158t ol et B0l 8ol =
P Lo uz | o] EXJo]-§ st desfjoFgttt (Cuo
etal., 2011).

71557 Ak vl 9 Brlshs WHoR
7153l AlLE] 29} GCM (General Circulation Model,
GOM)2] 9] 23} R r o] Yejstol $EaS Argal
o] & ARR-E]37 Qlth (Heo and Nam, 2010). 150k
715 st w2 mlE o] A = fESS Aok At
21 o) Fo] Atk Bergstrom et al. (2001)2 BZF] B
H& o] HBV (Hydrologiska Byrans Vattenbalansavdelning,
HBV) 2&o]] GCM % RCM (Regional Climate Model,
RCM) .9] 235 2-gst0] d/e/dd fadat Sl
2 A48 01, Gul et al. (2010)2MIKESHE ©& 02 ¢
W 9 Zero 21451tk Kim et al. (2004)-2 SLURP 130
YONU GCM #t=& 2-g-sto] &/ g/AE/d &9l 1%
S BA5191 a1, Choi et al. (2009)-2 SWAT 23] CGCM
3.1 (T63) ARS Hg3lo] Wd T9le] 953 Zubal
o, Eokt 58 APSISch v, 7] sl o St
Fagoll et A= vt A4 2=, Kay et al. (20062,
2006b)->Probability distributed rainfall-runoff model (PDM)
of Moore & 0]-8-5}o] 7] - 3lo]| w2 S3kg-pa-S 415t
31, Na (2010)=HEC-1 =& © & SRES A2 7| H3} AL}
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71513} 2l EX|o| G} Adof v A= kel o
A= oA WS A7E o] FolFrk HojoAl=
Bronstert et al. (2002)0] =A|3} 9 o3 53} 5of o5t &
A o]-g&H3}e} ECHAM4/OPYC3 GCM 9] 7|53} A a s
BROOK =3 of| 2]-g-5to] v} TS A 51312, Cuo
et al. (2011)& multi-GCM ]| 2J3t FAME: 7| 3} X7 9}
UrbanSim 2 & o] ©}2 Ex|o|&¥3} 1 o] A3}= DHSVM
o] A-gsto] U FEHe APl s ioll A= Kim
et al. (2010)¢] CA-Markov 7|H O &2 EX|o|&H3IE 24
3}31 RegCM3 RCM 7|33} XL 7 & #-85o] SLURP X
PO r WA A FH9o FEFE 415 H, Kim et
al. (2011)0] CA-Markov & 0 & 1| Q] EX|o]-&H3}o
g T2 o S B4k A5 s
o}, e iR ] A7t Bde] obd A 5 dllS
IR0, 3453 of| =31 Bronstert et al. (2002)2] 73-9-9|
L m| o] EAIERE oYt B} 52 7MYt B[]
BHSEE =OY5137] wiizoll Akl Al e g A ¢l aQlof| wh
£ AA EX|o|-§HSFE HHgshA] Foh= SHA7E Qlck 2 o
TolA= ol gt SHAIE Bk el AFRl A Ao sk
WG 4= 9l RCP AU 2.5 7|REC 2 A3 X0 &
A AU @5 A7 st om, 3 SO e AR S
TE5to] FERTAY Y o IS EASHLAL R
2 A5-0] F22-RCP AU 2 77| 715113} 3l
o] & 3}t AlUtE] @5 ARg-sto] el o] A T Bt

o] ek
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1. 7|1=Hst A EX|0|8#HEt ALtE|R

7t RCP AlLt2|2

RCP ALtz .= 7| Fulslol] Thgt 57+ Bl (Inter-
governmental Panel on Climate Change, IPCC)9] 52} 7] &
W3} 57} B 314 (The Fifth Assessment Report, AR5)E 9
off ARt #E 247 AluhE] 20|tk RCP AlUe] 2= 2
AR B ES WA AT TR o8 71 E 0 Q7F AL A
A A0 WK o s SA0] AEstel 7% el
el Wsh= FA 2] FFE dofetal Agshs Aoz
12 S (NIMR, 2012). RCP AJug] @.0f & A X 7]
S} AlUE] @ A2 918l = AIAFY @1 CMIPS (The Phase
5 of the Coupled Model Intercomparison Project) 7} 2F=5]
o, 2012 AR -EUetE oAt v, = 5 14 7

Probability Rainfall

HEC-HMS
model

Land use change scenario
base on RCP4.5 & 8.5 scenarios
* CMIP5S (MiniCAM, MESSEGE model)

Land use map

* Ministry of environment

Design flood
(2040, 2070, 2100)

| Land use demand | |Conversion matrix‘

| Driving factors regressions ‘ v

Neiborhood regressions ‘

1999

Calibration

2009
Simulation

Watershed
characteristics
1+ Curve number
i« Impervious area
(Kim, 2013)

|
| Area restrictions
|

Conversion elasticity

| | 2040 | 2070 | 2100

Fig. 1 Flow chart of this study
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x5 - EiXfE - &

b7} olsha gle.

RCP o] 9] AJu2]2+= SRES (The Special Report on
Emissions Scenarios, SRES) AlUt2] 2= v]f o] ALS| A
FEE A5kl ol mhE 2V HlE e ST Alu
elo0)7] o], 7|} QJakHiory 7k 8 g
2 e A AgE e ko) A A de] 2| A s ZAIH 0
ATt (NIMR, 2011). ¥k RCP Alube] 2.9] 739 “Th3E
(representative) 1] Bx} 73| 2o] wte 7] F s} ALkl
& G ARG A] Alue] 27 ARE | H, 2 ATEA uf S AU
2.0] At w2 HSHE Zf=sl] flsl 7 2 (pathway)'2F
= 9Ju|& EZ3F3ItH (NIMR, 2011).

RCP Alube o= t)E AR o] whet v %5 (RCP
2.6, RCP4.0, RCP6.0, RCP8.5) = L5t} 2.6~8.52] =%}
£210090] =eshs BAPIA|E S ojn]ste] gl Wim?
o[t} RCP2.62 A7}k Zthe] Bl2eie 7hale AlLele,
RCP4.59FRCP6.0.2 41712 217} A 2o] A= ALt
2 RCPSSE 247k A7 ) glo] dAje] Fa)= 24
g ek AlLEl ol

. G0 i RCP4.59F RCPE.S AlLtel 9.2 Hstol
] A7 Fake BAalich

L. 7|FH3 AlLt2|2

717 3714 2009 AFE] CMIP5 o] Hedsh
o] RCP AJube] .ol A S MR 7] 385} Aluke] @ 7k
off 2k=313iet. 717 B 7147 shEefAlle] o] AR+
71318 (GCM) 2l HadGEM2-A0 B &S =3la}o] 7} &
& 7] 5RsE AU E] @5 AFESHITH(NIMR, 2011). 135 km
AA}0] HadGEM2-A0 X3 o] AL 7133} Alute] o 4
5 HadGEM3-RA 9] J&85}9] 12.5 km AA}9] SHIFE A]
U] 2.5 AhEstelTt 12.5 km ARRS] gk 7] S} ALt

2l o= 34K ) o] wjef 714 A= E AlgRith

SHIFE 7] 383} Aluhe] 2.2 1950~2005 2] 719 = o)<}
& (historical)2}2006~2100 2] RCP4.59} 8.5 A|L}e] & &t
AR R FAE o] T, Al 7| Rt ERE= 5 7]
ZHe] W& Aol mlsl oF 18 % e Ao (9 714
54291 1981~2005d A+t 4,7 710), 2006 58] A2
E]= RCP AlU}be] 2.0 uld] mojzla 9] 2 7J<afrc)
Ah-2- gk Urehditt. o]of o] & 2hm o 0] &} Afo]o]
A (bias)7} AT -9, EAMIH (quantile mapping)
59 HORA uH o 2 w ol 27 & HA||of 3t} Park et
al. (2012)-2 ke 7] A3} Aluke] 2. 0] 3AIZE 9] A
Apzof MRS A-8ske] HHAS 3t vl Qi
EAPRE ask] flsl 2 ast SEREES GEV &
25 AT GEV Z29] vl = 4 ¢ Bt
T A E 7o ® A 2 AtelA= 7]
S| up2 u)ef) ZeaF A5 R Park et al. (2012)9] A
A o]-§5H3c

oN

1o rlr

Cl. EX|0|8HE AlLt2|2

RCP4.59} 8.5 E%]0] 883} A|Ube] 9= HYDE (History
Database of the Global Environment) 3.1 2.& 9] ® 9] A}
(15001~20053)2} MiniCAM 2! MESSAGE 29| 19|
AT} (20059-21004)E o]-510] A5} Alufe] 9 9]
B Ao} 1w W 0.5° x 0,501, 7 471
oA 13 G2 A|7}A] (urban land), &2 Z] (pasture), 573
A] (cropland), 12} EX] (primary land), 22} &3] (secondary
land) ¢ W}k sEASITH (Hurtt et al., 2011).

Fig. 2.=RCP4.592} RCP8.5 A|U2] 2.0 7|9¥H &= 7|5
o} 3l ExJo]- gt AL 2.9] A= S Hofa=al Qlrk

IAM (integrated assessment model)

| MiniCAM || MESSEGE } .................. ] .................

i : Harmonized
| RCPAS || RCPBS | > lang) e
GCM (general circulation model) Global climate change scenario
[ HadGEM2-AO | [ (135km)
* -
RCM (regional climate model) _ Korean Peninsula Quantile mapping
[ HadGEM3-RA | [~ "'mﬂefﬁa%femrw (Parketal, 2012)
3 |
Statistical model South Korea B_las corrected
climate change scenario climate change
| PRIDE | Al e enaris

Fig. 2 Building process of climate and land use change scenarios
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3 BRI Sejo] WiESY Wt

SE7F - 1981~20109 (19955)9] ¥ Zhpaat
RCP4.59}8.5 713315} A]142] 2.2] 2011~2100 4 74422 2}

£ ol-gsto] APgstalth. vl Ao A= 71 ol A
A|85= RCP4.59} 8.5 Alute] @.of LA 3AIZE Thef w]eh
e WA sto] B8-St (Park et al., 2012). 1|2
73 AR =309 7|20 2 2011~2040 (2025s), 2041~
20704 (2055s), 2071~2100' (2085s)0]| tha] HAaHAch
QTR 201 120151 0] T 71708 vl 3t
stof APgstic. 20 71209) B 222 vlefcie] 24t
sto] APt olfi= 2 vl RE | nlEi7bA] B0l st
o - AT HEE B fleliA FLet 71k
At nlEE HEshe Zlo] B Rsk37] WiZolth

e AHdole SHEAATLS] FARD2006
(Frequency Analysis of Rainfall Data 2006) 3= 13- 0]
3149t 1,2,3,4,6,9, 12,15, 18, 24 X171 5 10 7 X &:A]
Zhofl chsf 100 5L 2009 W= SHE7H-0-3S AP 5H3l 2,
Aot 78S Fol 240 SEEaa g w mj g A
= ARk

7|53} Ak @of| whE m|ef A A= o] A9 AIE
HZ o] 3A7 0| 2] 3,6,9, 12,15, 18,21, 24 A)17F5-3 9] 1]
T A& sl A2 o= SE7eRE APttt
o1& Foll ELAE () - AHARED) - @717 (F) 2
TAAE =351 1, 2, 4 A7 393 A5kt

(

0] AZHEEL B4R A0 moknt HE g el
S v A FA% Qlolth AR FApRRALS A

3. EX|0|EtHst 29|

Exjo]gHsE HOfst= thEA ®FPCoE CLUE
(Conversion of Land Use and its Effects) 23 o] ¢]c}. CLUE
HH2-1996 0l UlE7H= Wageningen thglof| 4] 7lid5h &2
O 0|3 CLUE-S ©§ (Verburg et al., 2002)Y} Dyna-
CLUE ®& (Verburg & Overmars, 2009) 2.2 2435}t
CLUE 532 04 E4/0183} 75 2.1 7ke] 2729l 2
AE ARt ok o] BAIE o-§-sto] 31 ARt mhE
ulee] EAjo] g skE Eelakal e 2 wojghy (Verburg et
al., 2002). CLUE 2&2 {2 E G992 Atz 29
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Sh=Hh, CLUE-S 232 B} Aqfi §-99] Thejof A=
9|7} 7}53}c} CLUE-S}F Dyna-CLUE &8 ofj Al )&
EAJol-8-5 1A L] ER|o]-gat 45 QR17He] A E uiEt e
2 e o AR EX|o]8 ae 24 e i}
E 55l EX|o|-§RIEHE 2 oJgltt Dyna-CLUE 22 &
A|o]- 83} G5 2 17ke] IARE of e} o] Ax|ete]
Az 18ste] molsith Dyna-CLUE &2 9)%] 23H4,
EX|o|-gH3}t @ e, L 54, Algk 271 502 A E o
Ut} EXJo]8-9] 92| A2 = EX|o|-&ate] TAE
Ol Ry BA|AE By o]§sto] FARL EX|o] g3}
{52 RCP4.52} 8.5 EX|o] 8 WD} AlLte] @5 2730
A At 257 S 71208 ARl APt EX
o]-8-9] i3} £ th2 EX|o] 80 = H3let 4= Q=75
Jat ExJol-g7ke] AT WBke 4= Q= Vs S pEE
‘Jsto] A7dgict B0l 8- Algh 272 @1} Hoj ofsf
EX|0]-§-Z Agtel= & Hasto] Attt (Kim et al.,
2013).

H o3Lof|A+=Kim et al. (2013)¢]| Dyna-CLUE 2.&2 9]
-8-5to] H Ot u|e EX|o] g M3} AulE o]-§-5}3iT.

Aglsh=t 71e] =

E R RS SJulFic). S A 0] $4e) 2
w208 she Faze] 29 WEgsat Felo] 47
| Basjch & Atolils 71 Fstel Ex|ol§H
37F 9] AASel vAlE dFe Brls] S8l
A3t 7155 AAsto] 28515t} FEu-gH (2012)0) 4]
AR A S A 7S A 8okl AT A
St} AAZSEE AT By 79 9 5t 41710
=, &=, sheEra4] 5ol 7Fs 3 HEC-HMS .3
= A5l

HEC-HMS R2%-2 n] S5 thol| A 7idsh
NP o R vt 99 3454 9 EA] 479,
o] =% 574l o|-§%r}. HEC-HMS X3 £
(basin model), 7|4} 2% (meteorologic model), AJAHA| o4
A (control specifications) 2.2 LA & o] Q)

HEC-HMS M 3o|A] &AlgF A2 SCS &A1=
W2, 2829 AP Ol Clark H91 -2 o] §3191. of
o) geled 7t A=717 2 1004 I %2004 Wl 47
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dXfe] - HXIE - SEH - Mnl - 2y
. THe 9% & xIE 7E 2. X@RI=
1. oy 8 7t E=loreE
Fig. 4% SR04 Agshe $7AH $elo] 19994,
h=a O] tHA) ©.0J 0 olx]lz]o =20 3} Z] 8- A
Tara e WA RATU AN L 20099 g5 mA018E nolry gk WA BR =
] 2] o S ] & =2
SorAe BT RS SRR AN EE qolgns s 3R 1zon AR 2. 0T
SLASEL FAUHEL 11k FEAEITZMNT g sreia) 2, S0t potg 42 st EAlol g0z
Z
o BT AAS EAOIEE AVISFALANI% =19 g gato) asfetizAle), 12, 8 A1 (4 2R, A,
%, &7 %, AH 31 %E g E|o] Qlek (Kim et al., 2013).
Fig. 33 Table 1- 37489] §olat 542 Lheh ek

Suwon
weather
station

Fig. 3 Map of the study watershed and subbasins (Kim et al,,
2013)

Table 1 Characteristics of the study watershed

Subbasins :('n'“:?) ¢, (hr) | K (hr) | CN () "2?::’2;‘;3
1 4431 | 226 | 247 o1 2533
2 2856 | 175 | 206 90 33.37
3 3992 | 193 | 20t 9 44,65
4 2805 | 172 | 270 89 3414
5 8.96 0.48 0.35 90 19.74
6 4786 | 127 | 093 of 31.59
7 2145 | 067 | 055 88 15,08
8 2ot | 17 | 142 91 2015

* t. and K denote time of concentration and storage coefficient,
respectively,

Land Use

I Urban area
[ TPaddy

[ Jupland
I Forest
[ Bare land

. Vater

Land Use
I Urban area
[ Paddy
[ Jupland
I Forest
[ Bare land
I Vater

(b) 2009

Fig. 4 Land use maps of the study watershed (Kim et al,, 2013)
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ol dAg+E Eot

o] (57 R 422 6 7} EXol g0 2 ATk £X
o] &%} Alute] 2 g 5 Al7HA] (urban land)= EA]0]&-
9| A7 A, 574 A (erop land)= =3t W 13+ =
A] (primary land)@} B2 2] (pasture)= AFH O 2 E2351¢]
o} 22} E A O] HA S 7} & x]o]-g-of FulRh v E-2 WA
= WA 2 A7sk3iet CLUE 23& KoJst7] fJsiAl= st
LHo] 2|08 o] USHA FA| = oof gt 2|4 F7
5 Al HAS HEI A3 20099 0] o HA o]
& 717 A ikedals A2 B 0] 2000 ] 0] B
71702 19994 o] A2 FshA) MAFIT (Kim et
al., 2013).

199933} 20098 2] EA|o]- 8 =& A3l CLUE 23
O] BLO] 585 BRI U, o5 7122 2040, 2070,
21004 0] Exjo] g w512 molatgitt (Kim et al., 2013).

tlo >

L} EQE
B 52150l A Al EBHE 1:50,000 R
E ARSI M EY e ESTY, ES vl 55, EY

Zl0), B £ So| 45 Tast olrk

Ch XX [E=

FAA Y s 7 A 2 Hof| A Alg-ek= 1:25,000 4
AAGES gt 2 FER Y Sy, ),
20 7190 912 58 #2510 T34 AR 30m x 30
m AR} =% #3117 & (Digital Elevation Map, DEM)-2- A}
got=tl, 2, =8 7|30 913 T2 58219 50
AFgahct

3. & A=
T B4 N2 5
1) = 212 (1981~20104)

FTAH 5 tell SIXsHE 7S AR 714
aho] 429 71247} Ik W 30199 TS B
7] $late] 4= 240] 1981 3] 2010617H4] 304 A]
9 744 A2 S TEACk

2) "l A= (2011~2100)

Fig. St 1981956 21004704 71 22 44 A
o 7|5 R1o] T2 ulE) Q1B AT AR S HelRaL 9
O, AR AL 210090 2 248 1A} Z7)eks 4
£ Ro|n] Q7o) SZhe RCPAS Aluke] ol Lheht
o). Fig. 62 A2 7 442 2152 theha ol
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Observed | = s RCP 4.5 ——RCP 8.5
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E 3,000 i
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0 1 1 1
1981 2011 2041 2071 2100
Year
Fig. 5 Annual rainfall from 1981 to 2100
Lt SEuee A
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FARD2006 %& 0 2|z9o] 52z} ul /s
S 24931, 1009 9 2009 W15 SHE7-9-akS A st
ol & o] ghERz et w7 =HH © 2= Gumbel
war et ST RA ERS A4St A&7, 2, 44]
1ro] S 34K ©919) nlEf A AR =R E
[-D-F 344]1& w&sto] 4Hgstgich

Fig. 7~Fig. 82 &7 4Hg A5 Hoj5=aL Qlch
RCP4.5 Alubg] 28] 7-9-2025s 7|7te]] 7o) S7t
lar 2055s 7)ol A Zastgon), 2085s 7| {tol=
1995s 7|7to]| w]3f| 2ul] 7}7to] Z7Feli ek RCP8.5 AJUE]
9.9] A% FEAFo] A Sk FAE Bl
™, 2085s 7|7kelli=1995s 717t vl3f| 2.58) 7}7to] S7}st
At} 0]=2085s 7|7kl gt 734 AP Wl Wt 57t
51517] diizol et Ak

L
i

X8 o

A

IV. 02 EX[0|EHz=t 22| Zunt

==y

Fig. 9~Fig. 10-& 19955 7|71-S 7|2 0.2 2025s, 2055s,
2085s 7|7+2] Ex|o] g 31E rolst ATE el L )k
1995s 717FS 7|50 2 ¥ w3l 0] 4= 1A & 7|20 2 u|
Exo] 8wzl Hske] AR metslr] ol Ay e
A& A EH, RCP4.5 AJU2] 23 2085s 7|7t Al71skA
Z2| 0] HAo] oF 12 % A& F7FsFaL Abd o] ¢k 16 % A&
adh= A 02 A Q)11 RCP8.5 AU 0= A7k

2A]212] W0 °F 16 % A Z7H51 A1 o] oF 18 % A=
ZHash= 2o 2 AREE 9l ok (Kim et al., 2013).

Table 2+= EX|0|-§-¥ 3} 1.0] Atof| wh2 CN (1IT) 2] 3}
E HOE Qlek A543, 54k CN (1) o] 2085s 717t
of 1 S7FFaL, U] Af-oola= & A3t EAgstA|
oFokth RCP4.52} 8.5 Aluhe] @ B A7Esb 22| &} A
2] HA0]2085s 7| 7tol| oF 10~20 % 74 &= HI}5F 320l =
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Fig. 10 Predicted land use maps under the RCP8.5 scenario (Kim et al., 2013)
Table 2 Curve number () under the RCP4.5 and 8.5 scenarios (Kim et al., 2013)
2025s 2055s 2085s
Sub—basins 1995s
RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
1 o1 o1 91 91 91 91 91
2 90 90 90 90 90 90 91
3 89 90 90 90 90 90 90
4 92 92 92 92 92 92 92
5 90 91 91 91 91 91 91
6 o1 o1 91 91 91 91 91
7 88 87 88 87 88 88 88
8 o1 91 91 91 91 91 91
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FO2F (C40)T} 20403 9] EX]o]L (L40), 2055s 7]7+e] &
o2k (C70)3} 2070 W 2] Ex]o]&- (L70), 2085s 7]7+2]
7455 (C100)3k 2100 2] E2Jo]§- (L100)S X3k
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7852}, COLFLOS 178kl Y A5 HSkAI R A -5-9] 47|
gleoA JFEaE 9@ F Sl A veheH, o2k O AR5 Table 59} Table 62 4-0-3 1~59] &}
2011~2070 3 H.t} 2071~2100 AN A Fak0] 207} ==
Table 3 Impervious area under the RCP4.5 and 8.5 scenarios (unit: %) (Kim et al., 2013)

Sub—basins — 2025s 2055s 2085s
RCP4.5 RCP8.5 RCP4.5 RCP8.5 RCP4.5 RCP8.5
1 25.33 26.20 28.19 27.57 29.93 29.59 31.17
2 33.37 36.97 39.09 38.73 40.50 40.28 4.4
3 3414 35.46 37.41 37.02 38.74 38.62 39.98
4 44,65 46,54 48 4776 48,65 48,63 49 31
5 19.74 19.80 20.23 20.03 20.58 20.72 21.16
6 31.59 32.29 33,57 33.25 34.21 34.16 34.67
7 15.08 14.79 15.37 14.87 15.61 15.13 15.78
8 20.15 19.95 20.51 20.06 20.76 20.41 21.06
Table 4 Design peak flood and critical duration under the RCP4.5 and 85 scenarios
100—year 200-year
Design peak flood Critical duration Design peak flood Critical duration

(m*/s) (hr) (m*/s) (hr)

Observed 1981~2010 3,107 9 3,423 9

2011~2040 4,907 6 5,599 6

ZCSP 2041~2070 4,557 6 5,181 6

2071~2100 6,395 6 7,255 6

2011~2040 4,670 6 5,310 6

ZC: 2041~2070 5,687 6 6,474 6

2071~2100 8,192 9 9,229 9
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Fig. 12 Design flood hydrographs under the RCP8.5 scenario

Table 5 Design peak flood at the junction of subbasin 1 to 5 under the RCP4.5 scenario

Design peak flood (m®/s)

Rate of change

LO L40 L70 L100 LO L40 L70 L100
(00] 1,853 1,857 1,874 1,865 1.00 1.00 1.01 1.01
100— C40 3,015 3,020 - - 1.63 1.63 - -
year C70 2,726 - 2,765 - 1.47 - 1.49 -
C100 3,917 - - 3,933 21 - - 2.12
Cco 2,040 2,044 2,063 2,052 1.00 1.00 1.01 1.01
200— C40 3,439 3,445 - - 1.69 1.69 - -
year C70 3,099 - 3,142 - 1.52 - 1.54 -
C100 4,444 - - 4,459 2.18 - - 2,19
Table 6 Design peak flood at the junction of subbasin 1 to 5 under the RCP8.,5 scenario
Design peak flood (m®/s) Rate of change
LO L40 L70 L100 LO L40 L70 L100
Cco 1,853 1,862 1,865 1,867 1.00 1.00 1.01 1.01
100- C40 2,863 2,875 - - 1.55 1.55 - -
year C70 3,483 - 3,499 - 1.88 - 1.89 -
C100 4,862 - - 4,874 2.62 - - 2.63
Cco 2,040 2,049 2,052 2,054 1.00 1.00 1.01 1.01
200— C40 3,256 3,267 - - 1.60 1.60 - -
year C70 3,965 - 3,981 - 1.94 - 1.95 -
C100 5,479 - - 5,490 2.69 - - 2.69
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Table 7 Design peak flood at the watershed outlet under the RCP4.5 scenario

Design peak flood (m®/s) Rate of change
LO L40 L70 L100 LO L40 L70 L100
Cco 3,107 3,112 3,170 3,124 1.00 1.00 1.02 1,01
100— C40 4,900 4,907 - - 1.58 1.58 - -
year C70 4,428 - 4 557 - 1.43 - 1.47 -
C100 6,373 - - 6,395 2.05 - - 2.06
CO 3,423 3,428 3,491 3,440 1.00 1.00 1.02 1.00
200— C40 5,593 5,599 - - 1.63 1.64 - -
year C70 5,037 - 5,181 - 1.47 - 1.51 -
C100 7,233 - - 7,255 2.1 - - 212

Table 8 Design peak flood at the watershed outlet under the RCP8.,5 scenario

Design peak flood (m%/s) Rate of change
LO L40 L70 L100 LO L40 L70 L100
(00] 3,107 3,120 3,125 3,128 1.00 1.00 1.01 1.01
100— C40 4,653 4,670 - - 1.50 1.50 - -
year C70 5,664 - 5,687 - 1.82 - 1.83 -
C100 8,173 - - 8,192 2.63 - - 2.64
(00] 3,423 3,435 3,441 3,444 1.00 1.00 1.01 1.01
200~ c40 5,293 5,310 - - 155 155 - -
year C70 6,450 - 6,474 - 1.88 - 1.89 -
C100 9,210 - - 9,229 2.69 - - 2.70
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