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Abstract

For the design of infrastructures controlling the flood events at ungauged basins, this study tries to find the regional flood frequencies using
peak flow data generated by the spatial extension of flood records. The Chungju Dam watershed is selected to validate the possibility of
regional flood frequency analysis using the spatially extended flood data. Firstly, based on the index flood method, the flood event data from
the spatial extension method is evaluated for 22 mid/smaller sub-basins at the Chungju Dam watershed. The homogeneity of the Chungju dam
watershed was assessed in terms of the different size of watershed conditions such as accumulated and individual sub-basins. Based on the
result of homogeneity analysis, this watershed is heterogeneous with respect to individual sub-basins because of the heterogeneity of rainfall
distribution. To decide the regional probability distribution, goodness-of fit measure and weighted moving averages method from flood
frequency analysis were adopted. Finally, GEV distribution was selected as a representative distribution and regional quantile were estimated.
This research is one step further method to estimate regional flood frequency for ungauged basins.

Keywords: Regional flood frequency analysis, index-flood methd, L-moments, spatial extension, homogeneity
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Fig. 1. Study area

Table 1. Individual and accumulated size of basins and name
of observation points

. Area(km?) . .

Subbasin Tndenendent | Accumulated Observation point

1 546.0 546.0 -

2 276.2 971.2 -

3 487.2 1458.4 Jeongseon?2 station

4 220.9 220.9 &

5 143.0 1822.3 -

6 233.0 233.0 -

7 238.4 2293.7 -

8 147.1 2440.8 Yeongwol station

9 518.3 518.3 Banglimgyo station

10 364.5 882.8 -

11 33 1492.2 -

12 606.1 606.1 -

13 121.0 1613.2 -

14 156.6 1769.8 -

15 61.7 4272.3 -

16 508.4 4780.7 Yeongchun station

17 246.5 5027.2 -

18 492.0 5519.2 -

19 297.7 5816.9 -

20 539.5 539.5 -

21 291.6 6648.0 Chungju Dam

22 149.0 149.0 -

919} gro] 227 459 0.2 T Thpg o of htod
o AR 0] AL 15 AR
ok AR 40D o A AL §EAR I f

T QL] ¥AE UEH= Eq. (5)°F 2.
S=KQ" ®)

A71A, K2t P90 BAS LRy AR ge] o
7W%0lT) Eq. (5y& ol g5to] Afod §4eF A B
ofst7] SIS K, P, 7) 52 2 Aol A et
A oSS o] gote] AP AR H A 4, F 2
A% 1, St=AAL 5)9e] TAAS DA STt AT AL

o



444 N.W. Kim et al. / Journal of Korea Water Resources Association 49(5) 439-450

-2 Kimetal.(2013)0]] 715 0] 9}, 0] & o] 85t 459
H Fts 22 9 grte] et -8<(Kim et al., 2013;
2014)2 QoFstH, 3.2.24 3 At

SN AGAFoR

ﬂﬁ&ﬂ&%JﬂﬂA

#) 1 S whef he] 2] 4

o] HEAL Bttt EJﬂJE.W%HHH

2010872 ©] BLAPgel 4] o Sht o] 4ke] 2|t 5At
t}. o] = A FZ R 24 9 EAAE

H5}7] tolth. Bl molE 97t 7| EH O R S5

2l

ol
o2
A[m
o

i
>
>
o
1o
X o
o

Hm

9, 41, L2 $9BEA Ho] o §H ek BE 2} 7)%
AL §200) WL/ 202 AGEHE st o8 5
of, EA A A9 H5W A M N BEARE o] &5}
of ROlgH AL Ml 7| F02 Y17 A2 AW B2
F4go] o1 8 H 9L, GU1 A Ho] 29| 7| XA 7
=5 G Y2 Ao ¥lw7| £ 0 o] §Fct o]
Sfeh o 2 AR ALEE PB4 ROl 9151
A0 R Ei v 702 ol §H7]E sHe 2e 2 AL
MR SRTH| A7 57} th2y] o] ek SR 24
o] 1)) dishAE Kimetal. 2015)0] & B FAH 0 2
7145]0] QIet. APE R B ROIE A0S A
B, 5 B9l T A1 EHNA E4SETAL
2 A aksbzs), A7 4ol TR AR K, 2, T,
o A H TAZ TG, G AT 2]
Wl R, WOR 7 E AN FARRAS Aokl
Art. ol 2A 2 R, S FFE 5210 2] £g0e]
QRS A gl 2t 25 0] §4HRRAL A
o 5 A FEEERAE BEE 2] Ay

ol 2Ast 1A 8%
ke, 7t 4G o1e) 717 6
R G ABRE] Asto] A gtk

B0 Fo] gt Yok FAS g 71 EH o

A3 21 o) Ap 57t R 2R 7] 7S A Shof Nash-Sut
cliffe Efficiency (NSE)S H| 5} th(Kim et al., 2014). ©]

Lol el st Ao fEARE Egote] thE A 7Y
of $HFEARE T wof| HAYol= 22 29l
5t7] lgolct. FE1 AHES FA o2 FIHEFA] HAY 5t
= FFHY G2 A Hof| A 9] HH NSEE F€1 zH o]
0.825 S5 of T, 992 -2 747 0.81, 0.88<]
Ze UeR it o= L1 THo 2 Al ¢
1 A7 oA WSt 21e] 3717 St G €2 21 9]

L2} A7) 9t vlzeh Z 25k Qe AL F4H

S

AEBRAIRE 0|23

*OL"TO

.

Satm o] AFAS SRS THKIm et al, 2013; 2014).

V0 E SPARE ol8F AGTLNT L 915
I

AE BAHY BAAS B 2ol Basith weky
dhabe ool $IXI3H A4, Y, WH, 9% S90EA

Ay} Zzd 2)H o] Bz ot 3R 9] 1986-2010E
717V skl A g4 Aol tiste] ZH2F Hosking
and Wallis(1997)7} A9Fst 2] g4 wajA] xS 4

Fotedek. o7l IAE SRARE BT AGTFNE
S0l By Boksh] 9o BEtast Saael

L-mementse} B4 Z=Ao2 )W - HESHYL]
A AR AS Ao E A= QR HA®
“doll tigh MRk Ql HE5 AAlstoiof jitt. o] & 19
A -HARE2] L-moments(L-CV, L-skewness, L-kurtosis)
£ o]-&3t EYUXA| AL (discordancy measure) D, HESH
ATt Table 20114 SIS 4= Qli= Hiet o] WAt}
SRz 0] ZF 2 4E D= BEA 7ot SRtz o] nE
Aol A 2o 2|3 4ofl whE HAIRE 133317t
SMY B-HHEH 2R SAAE eI o= 47
HEo] shte] 21do 2 JHAstYe AL Ano oF
4 EdAsk= Aol gle& 9u|Rtth(Hosking and

Wallis, 1997).

Table 2. Summary statistics for observed and simulated flood data
. Observed data Simulated data

i I, l ; , £, D, l, L ; , £, D,
Jeongseon2 | 2605.8 788.0 0.302 0.249 0.106 1.20 2504.5 992.9 0.396 0.251 0.184 0.55
Yeongwol 2783.7 757.1 0.272 0.042 0.097 0.69 3150.1 1278.7 0.406 0.245 0.161 1.03
Banglimgyo | 1191.9 351.9 0.295 0.360 0.115 1.30 1026.4 343.5 0.335 0.318 0.183 1.32
Yeongchun | 6295.5 | 1773.9 0.282 0.084 0.133 0.54 6325.1 | 2223.1 0.352 0.234 0.221 0.93
Chungju Dam| 8951.3 | 2962.7 0.331 0.240 0.218 1.27 8639.9 | 2788.8 0.323 0.232 0.210 1.17
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Aok EARE kS A6 91l Fig 20014 W=}
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7FX|3E 2 Nash-Sutcliffe Efficiency (NSE, Nash and
Sutcliffe, 1970) o™, L-location(l,), L-scale(l,),
L-skewness(t,)ll ©iste] ZH2+ 0.99, 0.88, 0.040.2 EAE]
o). YeHHo R SERYe] BES AW A9, NSEE
05 ololal melslo] WEwslo] itk 2 olulet
THMoriasi et al., 2007). ©HehA], 284 FEEEP 2] o7
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ATt spA|gh 3¥ SHERE Y O] mjrfHS o Ha
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Ols8s HojFA] Foal Qlok 13y, NSEZF 09l 77k
= gto] 9u|= FgEI BEARL] YHiE Bost
T Qltk= Ao R 248 4H(Index flood method)©]l ]
gk A ARl oA of| A FE3Y O] shape parameter(FFH] S
2 L-skewness)= A9 tGf(regional average)S ©]-&
stz sPgateo] 8o 247t gle Ao= metErh

L-moments®] TAHZ] HEO] oJa]] AR Ls|A] 3
T FEREY A%o] 7Msd A o= mesiIt). wetbA,
ZpHlesiAe] de o] 8511 Qli= GEV:E(general
extreme value distributionyS 417 5}9J(NERC, 1975), T
SAtm et Aol diste] Z4H2F 9145 AHdsto] H
I - ZAISHCHFig. 3). F AES] 4= ATt
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=

0.5

0.4

0.3

L-scale_sim

4,000
1,000

L-skewness_sim

0.2

L-location_sim

2,000

0.1

500

0 o L
0 2,000 4000 6000 8000 10,000 0 500

L-location_obs (m¥/s)

1,000

L-scale_obs

0.0
1500 2,000 2,500 3,000 0.0 0.1 0.2 03 0.4 0.5

L-skewness_obs

Fig. 2. Comparison of L-moments between observed and simulated flood data
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Table 3. Summary statistics for accumulated and independent basins

. Accumulated basin Independent basin

Site L ly 13 t3 ty D; b ly t t3 by D;

1 876.9 382.1 0.436 0.300 0.184 0.90 876.9 382.1 0.436 0.300 0.184 0.85

2 1395.4 602.8 0.432 0.287 0.164 0.86 482.0 213.6 0.443 0.285 0.158 0.83

3 2127.2 856.4 0.403 0.264 0.185 0.19 886.5 329.9 0.372 0.271 0.279 1.40

4 377.2 148.5 0.394 0.184 0.090 1.47 377.2 148.5 0.394 0.184 0.090 0.51

5 2505.2 | 1014.9 0.405 0.243 0.169 0.31 249.6 69.2 0.277 0.089 0.128 1.27

6 445.6 153.8 0.345 0.128 0.032 2.67 445.6 153.8 0.345 0.128 0.032 0.60

7 2996.7 | 1220.4 0.407 0.251 0.164 0.30 422.0 108.1 0.256 0.087 0.070 0.57

8 3150.1 | 1278.7 0.406 0.245 0.161 0.32 282.4 103.4 0.366 0.141 0.060 0.64

9 1026.4 343.5 0.335 0.318 0.183 2.11 1026.4 343.5 0.335 0.318 0.183 2.16

10 1622.3 492.1 0.303 0.230 0.098 0.89 716.5 228.8 0.319 0.180 0.009 1.24

11 2485.8 852.6 0.343 0.273 0.119 1.02 6.9 2.0 0.297 0.181 0.217 0.93

12 1254.6 | 404.4 0.322 0.217 0.094 0.50 1254.6 | 4044 0.322 0.217 0.094 0.48

13 2687.6 874.8 0.326 0.253 0.135 0.56 231.2 53.5 0.231 0.166 0.197 1.11

14 2891.0 921.5 0.319 0.241 0.129 0.50 267.1 61.3 0.229 0.148 0.151 0.73

15 5665.9 | 2004.4 0.354 0.248 0.228 0.70 104.0 27.8 0.267 0.219 0.145 0.94

16 6325.1 | 2223.1 0.352 0.234 0.221 0.76 947.6 356.5 0.376 0.135 0.073 0.98

17 6560.6 | 22859 0.348 0.227 0.223 0.95 422.5 103.9 0.246 0.156 0.119 0.46

18 7169.8 | 24554 0.343 0.216 0.210 0.91 876.8 229.2 0.261 0.091 0.007 0.72

19 7524.2 | 2518.7 0.335 0.213 0.207 0.98 513.2 106.2 0.207 0.068 0.084 1.02

20 1221.1 368.5 0.302 0.175 0.041 1.32 1221.1 368.5 0.302 0.175 0.041 0.68

21 8639.9 | 2788.8 0.323 0.232 0.210 0.90 546.8 213.3 0.390 0.161 -0.004 1.30

22 272.4 136.8 0.502 0.356 0.284 291 272.4 136.8 0.502 0.356 0.284 2.57
A7l FhTpe] FASPIWL olste] T BAXEES shtel 9oz AVgetde B9, AR
A0l T ARE FHoto, 2G4 458 o7 H EAAsk= AHe] /Al Do AP AT A
= SIRF BIAS BUIelelt olE flof ¥#5AES & N>159 A9, Di<3E UJ%—GHOF THhe AEEHA, BT
Aw ARl AAFLREAAL 93 BAH SHAA 30]8ke] e aau}. ol BE AgSo] shte] Ao

AT E o
oz wot

rﬂ
g

421 SANo| 22|20l Ay
o 7)o A= BY 2] A E(discordancy measure, D,)E ©]
L35+ A7 o] FTAAT} o] - A 2 T (heterogeneity measure,

HYE o1 99 S84l thstel AL, 714
o8 4594 o4E FAROR ek el 7t
i3t A 2}t

dotel  ohges)
L-moments®t D, #t& AAISIA tH(Table 3). HA, 227

259 %@*é% H3Itk= A oy
gtk T8, D,-,%IOl THEE Q] ool x|t
A6 T 79 E 228 4G4 7#21* 291, 2572
Aoz oAt o= Ueikith 29 549 -,
g 7]**ﬂ—ii7<1% o] ATt FFH HFF AFL
2 T2 §9500 vlote] o] ddid oz Bl wfiE
olt}.

= AR 299 AL QAR EAA EAA]

7]-_”—_!3

oF FAA oA ZdiE= FAA SIS Hlast] 4
T 4 Aok $AH EAXE L-moments= o237t 54

of A3t FAFFo|th(Hosking and Wallis, 1997).
Hosking and Wallis (1997)= AH&-%¥ L-Moments®]| w2}
olAPHE HE H/(L-CV), Hy(L-CV, L-skewness), H,
(L-CV, Lkurtosis)®] Al 7}2] P2 AAstgoH, H< 1
o FEAY, 1 = H< 209 oJAAYY 7FsAol U=
9, H> 209 o|Ax o x FREATI A A5
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SAAY= H,, H,, H, 55 1°]519] gho=m FEA9Y

ok

2 Y 4 gk 59, w2 P AL R
YA A NEREE 71 FEAGY FERCH
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Table 4. Heterogeneity measure for accumulated and
independent basins
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Table 5. Goodness-of-fit measure for accumulated and
independent basins
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