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Uncertainty Analysis of Future Design Floods for the Yongdang Reservoir Watershed using
Bootstrap Technique
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Abstract

To estimate design floods for hydraulic structures, statistical methods has been used in the analysis of rainfall data. However, due to the lack of rainfall
data in some regions, it is difficult to apply the statistical methods for estimation of design rainfall. In addition, increased uncertainty of design rainfall
arising from the limited rainfall data can become an important factor for determining the design floods. The main objective of this study was to assess the
uncertainty of the future design floods under RCP (representative concentration pathways) scenarios using a bootstrap technique. The technique was used
in this study to quantify the uncertainty in the estimation of the future design floods. The Yongdang watershed in South Korea, 2,873 ha in size, was
selected as the study area. The study results showed that the standard errors of the basin of Yongdang reservoir were calculated as 2.0~6.9 % of probable
rainfall. The standard errors of RCP4.5 scenario were higher than the standard errors of RCP8.5 scenario. As the results of estimation of design flood, the
ranges of peak flows considered uncertainty were 2.3~7.1 %, and were different each duration and scenario. This study might be expected to be used as
one of guidelines to consider when designing hydraulic structures.

Keywords: Agricultural watershed; RCP; design flood; uncertainty analysis; Bootstrap technique

LM 2 2ol 471725 9 o o] AR 5 A S e
_ _ vl Selere) H 9ol Sk uju] S o Anct o ek
AT A W] o) o) S LU AL BEATAS st gz 1250w <ls) TAIe Bl a) ksl
Zalsick 24 71 0] F7ke AT oful X Sxo]

Ick. o4 74 Ao Qlaf Alftol A A E T s wh
(Jeong and Yoon, 2007)9]] 2]t #| &) 7}-$-752] A-8-9] A g A
of Qlof ool A|71=| L §lom, o)t 7k d it e

fﬂ%zwm 1SS oIS V| sie B
SEAA}O] 7l o)

ol = °§ﬁo & lzlni 7&%‘%‘:4 tﬂ@r AW HSE B apo) grat el o o 2 Ae)E o] Sk

TH S 5= oM A o= AT (IPCC, 2013). 2Lt oA} 7% FAko] tat = 9 7|7 Sot A o)
211739 A 204171(1912-20109)° 71201018 °C/decade, ¢}, [yashima and Yamamoto (1993)%= <l 7= 717]
Aol 21 mm/decade ] vl &2 ASSHALFNIMR, 2012). 710 1o Soj2)% ol §oto] B TEdold U9ato)
oleiat Faa 7| sk sl wh Hwst Z7h E 5 .

2 Qlsf B2 Tsi7 dojutal Sl L= ml=olAe=
20053 31| AI] 7HE U Ql8f a2 91222180 % o]

*  Department of Rural Systems Engineering, Seoul National University

#x  Associate Professor, Department of Rural Systems Engineering,
Research Institute of Agriculture and Life Sciences, Institute of
Green Bio Science and Technology, Seoul National University

t  Corresponding author
Tel.: +82-2-880-4582 Fax: +82-2-873-2087
E-mail: mskang@snu.ac.kr

Received: January 25, 2016

Revised: March 29, 2016

Accepted: March 29, 2016

2] 7} Z 2ol AFHS FRIFO A HF Tt 54
H| = 0] 2715 5}kl o™, Karl and Knight (1998)+= 20
A|719] n]atol| A AZE5 07} Z715E Ul B3 vl gt
AT Aol = et S7F) At ool 4491 10 %
o] 740 AJAbol| ERS | B & 7Fo =T} H et WSS
97} 2kA3}Ict Jo and Jeon (2012)2 &7kt 2
SO Aol e B9 Lt kY 314s 50| STk

714, A ¥zt SA1E 45kt A7 At 239t s -AMte]
BRI e 27} QS 7| 7R A oA w, 233244 ] 3
793 94 Z7I5He A0S Belskeieh. tehd @y
SHEZFFE IR o]gate] AAFTFRFS AP A

r:(J

Shasgatsle=itg] Alss T Al2E, 2016 < 91



Bootstrap 7|#HE 0185t 82 XN4X|

R0| OB IS4 BRIy

Okl

7t

548 FuelA WA 4 gk WAk Ryu et al
(2015)2 7]2] APgR AAF Tl w3 o 2 A1
ofl SIS 249-2) WAy Wst Z7kstol B S AT
2 R 23R A DR AR A R
obulet mlele] Mg wl thet APYE Bk 4] HAo]
ohet L e e AIstock

71318} wl 73e0] el o] ojg 4] W S:x]3} o} 4]
5] o] k. Wagener et al. (2003)2 52 £
B3] 79-9% melelo] BHUAS gl AT E 4

3J3} v} @It} Yoon et al. (2000)-2> HEC-FDA (Hydrologic
Engineering Center-Flood Damage Analysis)E ©]-85}0] &
SIS Rt S oA Yo 2 agt R 45 AMYStaL 5
Sl A8S 22 ek o) 2 B FSHACE Lee etal. (2010):&
FFH - ol A FEroll et 28 arefsto] A1F]
12|HA1 S =743t vl Qlek U715 7+
Aol wheh e, w72 4 9 4
FAPEe] B4 ofl B3k v A 0 & YErsiTh Seo (2011)
= HR|7H, FEAE (Bootstrap) 7|, Bayesian MCMC,
Gaussian AHTE 505 3 719 % v o] Bkl
A& A=Eekl SE-ES 7783 vF oAk Kim et al.
(20140 ofsf v|o| At 7HgEaF HE- 0] 83t 7| S HSto] &
S O] |37t o] Folfink At At A S7ts)
AWt 21 57 He) W g/ o] H-SlshA] ko, 7] 2of Hlsf A th
Ao g Z7He] J =7t nulsHA vrekd v glek
7120 AAES Tk AL 300 AT RS
HIERO 2 AP SRE7 - e = A7) disof] 792 ¥
= A REYSHR] ook ©lo] ok E379-0) HEAd
AASTF EEA o e A= Adtid o=
olok. AAST=Y B APYs] 216l
3 71RZ ©]-8-5F3iTk Efron (1979)0] T=Q1%H 7
HAET 71H 5 SR A2 AEETE
7o) e 24 A =E BUre
. REAER] 7|2 shLko] AR HlolE
AT 745-0) s A= et A Al S

2 W} il

[*]
-

o
N
N

¢

e
H
ofll
lo o>

= flo
fd
ar)
S

u

[m <t

m >

r>ﬂ~ 4z ot
[>
im

o}ﬁlll%
N

3

rlr
oL
oE
S !
il

E

£ rlo

VS

2
o
o

o 1

)

Hr o
i
filo
o

ol

i

ox

~
oX, 0193
o

B Q7L0] AT = Fig. 13 2t} 344 ek 2ha i 7]

92 « Journal of the Korean Society of Agricultural Engineers, 58(2), 2016, 3

AR AT B ARE SRS v 34
AFRRCPAS, 8.5 ALke] 8 olgste] 158 Arg 4
skl 418 A 4o AR} )2 J4 A2 S o]
§5to] HEAEY /]S o §5t0] REAEY EE A
st BRSO HE SUS AMSAT AN
HEC-HMS ] SCS SHl= & 4 85te] AAF4 e
st B2 Hlskc.

¥
[o

2
oX

B Aare] qiakA| s 33 fole) i AgA = 41
th 8 AeA = SHEE FTA AU £

oHg 8 AgeA] o]tk H W 2228.73 km’, FEATFL
683 29 m’ o]}, ARl G AA] el o] 454
QAR Bt ol 2T Aol A AXITH S o8-8kt (KRC,
2010). $5F A7) folo) AuEEats S5 BEaolo)

1ofl Ve 1T

Historical precipitation Future precipitation

(Observed data) (RCP 4.5/8.5 scenario)
l |
i
Calculation of maximum precipitation by durations

1

Resampling 120times of

30yearseach (Bootstrap method) resampling
1

Estimation of probable rainfall
and confidence interval of probable rainfall
(GEV distribution / Probability weighted moment method)

]

Calculation of design flood
with HEC-HMS
(SCS method)

!

| Estimation of uncertainty of design flood |

Fig. 1 Flow chart of this study

Table 1 Basin characteristics of Yongdang reservoir (KRC, 2010)

Basin area (ha) 2,873
Effective storage capacity (10° m®) 6,832.06
Watershed length (km) 6.42
Stream gradient (%) 19
Time of concentration (hr) 1.22
Impervious (%) 277
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Table 2 Probable rainfall of 200—year frequency with standard error for different duration (mm)
Scenario Period 180 min 360 min 540 min 720 min
historical 1995 181.5+10.6 240.4%7 2 295,9+7.9 353.719.8
(5.8 %) (3.0 %) (2.7 %) (2.8 %)
20255 327.4%15 1 604,71t28.8 679.8129 5 730.2135.8
(4.6 %) (4.8 %) (4.3 %) (4.9 %)
321,56+11.5 509.3+29.3 61,9127 1 83351577
RCP 45 20508 (36 %) (5.8 %) (4.4 %) (6.9 %)
20858 290.91+8.6 581.9+17.9 700.7£23.2 915.24+34.3
(3.0 %) (3.1 %) (3.3 %) (3.7 %)
20255 296,5%12.1 3907215 45201232 49051250
(4.1 %) (5.5 %) (5.1 %) (5.1 %)
41341144 796.31£33.2 947 6129.5 1,083.7+27.7
RCP 8.5 20508 (35 %) (42 %) (3.1 %) (2.6 %)
20855 3197199 502.6+19.6 606.6124.9 632.71£26.6
(3.1 %) (3.9 %) (4.1 %) (4.2 %)
Scenario Period 900 min 1080 min 1260 min 1440 min
historical 19955 373.219.4 386.2t11.2 4128192 433.0+9,9
(2.5 %) (2.9 %) (2.2 %) (2.3 %)
20255 790,5+41.8 856.4+44.5 932.3154.0 975.41+52 2
(5.3 %) (5.2 %) (5.8 %) (5.4 %)
932.9161 1 1,004.2161,2 1,063.4165.8 1,101,8%66.1
RCP 4.5 2055s (6.5 %) (6.1 %) (6.2 %) (6 %)
20855 1,049,7+43.7 1,193,745 1 1,201,152 4 1,371.8+60.3
(4.2 %) (3.8 %) (4.1 %) (4.4 %)
20255 51741197 577.9120.1 61491256 639.51+26.6
(3.8 %) (3.5 %) (4.2 %) (4.2 %)
1,146,427 5 1,124,7128.2 1,121.2+22 9 1,099,1+£25.7
RCP 8.3 20558 (2.4 %) (25 %) (2.0 %) (23 %)
20855 666.6+29.7 696.8126.6 705.0129.2 713.5128.8
(4.5 %) (3.8 %) (4.1 %) (4.0 %)
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Fig. 4 Probable rainfall of 200 year frequency
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Fig. 5 Standard error of probable rainfall of 200 year frequency

Table 3 Peak flow and the range of peak flow considered uncertainty of 200 year frequency (ms/s)

Duration (min)
Scenario
180 360 540 720 900 1,080 1,440
Historical 622144 51718 456%13 424413 36210 31419 268+7
(7.1 %) (3.5 %) (2.9 %) (3.1 %) (2.8 %) (2.9 %) (2.6 %)
20255 1,230163 1,402169 1,102£50 904+45 790+42 718+38 61834
(5.1 %) (4.9 %) (4.5 %) (5.0 %) (5.3 %) (5.3 %) (5.5 %)
RCP 20555 1,206148 1,172+71 989+46 1,035173 936162 844152 699142
45 (4.0 %) (6.1 %) (4.7 %) (7.1 %) (6.6 %) (6.2 %) (6.0 %)
20855 1,078+36 1,347143 1,137£39 1,1391+44 1,055+44 1,006138 872+39
(3.3 %) (3.2 %) (3.4 %) (3.9 %) (4.2 %) (3.8 %) (4.5 %)
20255 1,102+51 884152 720139 599+32 511+20 480t17 402+18
(4.6 %) (5.9 %) (5.4 %) (5.3 %) (3.9 %) (3.5 %) (4.5 %)
RCP 20555 1,589159 1,864174 1,548146 1,352+38 1,154129 947122 69717
8.5 (37 %) (4.0 %) (3.0 %) (2.8 %) (2.5 %) (2.3 %) (2.4 %)
20855 1,198+37 1,156t44 980+40 780=£31 664128 581123 449+17
(3.1 %) (3.8 %) (4.1 %) (4.0 %) (4.2 %) (4.0 %) (3.8 %)
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Fig. 6 Peak flow with range considered uncertainty (m’/s)
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Fig. 7 Scatter plot of peak flow and the range of peak flow considered uncertainty
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Fig. 8 Box plot of duration and the range of peak flow considered uncertainty
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