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Design Flood Estimation using Historical Rainfall Events and
Storage Function Model in Large River Basins
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Abstract

The design flood estimation in a large river basin has a lot of uncertainties in areal reduction factors, time-spatial rainfall dis-
tribution, and parameters of rainfall-runoff model. The use of historical concurrent rainfall events for estimating design flood
would reduce the uncertainties. This study presents a procedure for estimating design floods using historical rainfall events and
storage function model. The design rainfall and time-spatial distribution were determined through analyzing concurrent rainfall
events, and the design floods were estimated using storage function model with a non-linear hydrology response. To evaluate
the applicability of the procedure of this study, the estimated floods were compared to results of frequency analysis of flood
data. Both floods gave very similar results. It shows the applicability of the procedure presented in this study for estimating

design floods in practices.

Keywords : design rainfall, design flood, time-spatial rainfall distribution, frequency analysis, storag function model
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Fig. 1 Methods for Estimating Design Floods
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Fig. 2 Procedures for Estimating Design Floods
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Table 1. Historical Concurrent Rainfall Events in Chung-Ju Dam Basin

. Concurrent Areal 48hr Max. Annual Maximum
Events Total Bamfall Average Rainfall Concurrent Areal Discharge Remarks
Duration (hr) (mm) Avera(gr::1 mR)amfall (ms)
1988. 07. 20. No. 1 122 222.77 174.35 11,207 Flood watch
1989. 07. 24. No. 2 133 339.85 284.84 8,881
1990. 09. 11. No. 3 98 370.56 329.78 22,164 Flood watch and warning
1991. 07. 20. No. 4 - - - 4,290
1992. 08. 26. No. 5 - - - 2,445
1993. 07. 11. No. 6 91 158.40 131.85 7,928
1994. 06. 30. No. 7 72 187.39 186.61 3,171
1995. 08. 24. No. 8 106 27633 226.56 9,864 Flood watch and warning
1996. 08. 25. No. 9 102 86.81 79.98 -
1997. 07. 02. No.10 - - - 5,059
1998. 08. 08. No.11 118 205.81 132.90 8,016 Flood watch and warning
1999. 08. 02. No.12 101 24236 235.78 10,572 Flood watch and warning
2000. 09. 13. No.13 - - - 5,635
2001. 06. 29. No.14 34 97.36 97.36 6,062
2002. 08. 07. No.15 139 385.49 344.04 14,714 Flood watch and warning
2003. 06. 27. No.16 31 98.29 98.29 2,258
2004. 07. 16. No.17 146 311.69 154.48 5,694 Flood watch
2005. 07. 01. No.18 - - - 5,807
2006. 07. 16. No.19 136 407.89 291.68 22,650 Flood watch and warning
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Fig. 7 Procedure for Determining the Representative Flood
Events
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Fig. 9 Spatial Distribution Rate (K)
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Table 2. Determination of Representative Flood Events

Time Spatial distribution rate Enlarging| Regional Accept or Reject
Events | distribution factor | deviation
indicator (/) Kpy | Kpy | Kin | Kip | Koy | Kz | Ks | K, (@) ) K | K, | o | S| Selection
No. 1 3.32 0.09 | 0.15 | 0.07 | 0.13 | 0.19 | 0.18 | 0.19 | 0.044 | 2.80 1.25 X | x| x| x X
No. 2 5.03 0.11 | 0.14 | 0.12 { 0.17 | 0.18 | 0.15 | 0.13 | 0.024 1.72 0.58 o|lo| o] o 0
No. 3 10.76 0.19 | 0.19 | 0.18 | 0.16 | 0.10 | 0.08 | 0.10 | 0.044 1.48 1.11 x| x| o] o X
No. 6 3.53 0.1210.15| 0.11 | 0.16 | 0.17 | 0.14 | 0.15 | 0.020 | 3.70 0.54 o|lo| x| o p'e
No. 7 4.84 0.12 { 0.14 |1 0.09 | 0.09 | 0.21 | 0.19 | 0.15 | 0.041 | 2.62 1.07 x| x| x| o X
No. 8 14.04 0.17]0.16 | 0.12 | 0.12 | 0.16 | 0.14 | 0.14 | 0.018 | 2.16 0.47 o|o| o] o 0
No. 9 6.50 0.11 | 0.14 | 0.14 | 0.14 | 0.18 | 0.14 | 0.14 | 0.020 | 6.11 0.40 o|lo| x| o X
No.11 11.08 0231 0.14 | 0.20 | 0.20 | 0.10 | 0.05 | 0.09 | 0.064 | 3.67 1.58 x | x | x| x b'e
No.12 4.59 0.12 { 0.12 | 0.15]0.17 | 0.17 | 0.13 | 0.13 | 0.020 | 2.07 0.50 o|o| o] o 0
No.14 2.92 0.10]0.17 | 0.09 | 0.12 | 0.13 | 0.18 | 0.22 | 0.043 | 5.02 1.21 x | x| x| o p'e
No.15 6.90 0.13 { 0.17 | 0.13 | 0.15 | 0.14 | 0.14 | 0.14 | 0.012 1.42 0.36 o|lo| oo 0
No.16 2.72 0.13]0.16 | 0.16 | 0.17 | 0.12 | 0.12 | 0.15 | 0.019| 4.97 0.45 o|lo| x| o X
No.17 14.77 0.17 { 0.16 | 0.11 | 0.13 | 0.12 | 0.14 | 0.17 | 0.022 | 3.16 0.61 o|lo| x| o X
No.19 7.37 0.16 1 0.13 | 0.20 | 0.15| 0.11 | 0.11 | 0.13 | 0.029 | 1.67 0.80 o|o| o] o 0
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Table 3. Characteristics of Subbasin and Channel

Chung-ju Subbasin Channel
dam basin P1 P2 H1 H2 01 H3 H4 CHI CH2 | CH3 | CH4 | CH5
Area (kmz) 638.5 |1093.3 |1418.5 |1020.5 4963 11729 817.2 - - - - -
Length (km) 433 64.8 95.0 42.8 50.7 21.5 63.5 69.0 66.3 15.8 55.8 54.0
Width (km) - - - - - - - 0.30 0.15 0.25 0.25 0.32
Slope - - - - - - - 0.014 0.016 0.013 0.013 0.012
n (coeft.) - - - - - - - 0.04 0.04 0.04 0.04 0.04
Table 4. Parameters of SFM
Chung-ju dam Subbasin Channel
basin P1 P2 H1 H2 o1 H3 H4 CH1 CH2 CH3 CH4 CHS5
K 35.00 35.00 35.00 35.00 35.00 35.00 35.00 |100.00 {100.00 50.00 |100.00 |[100.00
P 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.60 0.60 0.60 0.60 0.60
T 0.50 0.50 0.50 0.50 0.50 0.50 0.50 1.00 1.00 1.00 1.00 1.00
il 0.58 0.58 0.58 0.58 0.58 0.58 0.58 - - - - -
fsa 1.00 1.00 1.00 1.00 1.00 1.00 1.00 - - - - -
Ry, 90.00 90.00 90.00 90.00 90.00 90.00 90.00 - - - - -
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Table 5. Results for verification

Peak time Peak Discharge Diff Error

Events o/
Obs. SFM Obs. SFM (o) (Eo)
No. 2 1989/7/26 15:00 1989/7/27 14:00 8881.00 10419.87 17.3 0.011
No. 8 1995/8/25 13:00 1995/8/25 19:00 9864.00 10855.45 10.05 0.017
No.12 1999/8/3 11:00 1999/8/3 11:00 10572.00 13449.11 27.21 0.009
No.15 2002/8/7 18:00 2002/8/7 16:00 20437.00 20505.54 0.34 0.002
No.19 2006/7/16 17:00 2006/7/16 20:00 26282.00 22270.58 -15.26 0.004

No.15 : Flood event for calibration

E%ﬂ RS ol8ste] tE 5] AdS Hrtst
7] $3l4] No.2, No.8, No.12, No.199] ZFAPgol] sk

AZSAY= Fig. 133} Table 59} 2t}

7] TN Fadt e ASXe AR f=
Uﬁé AZ2] Fg-2xto|t}. Bl HHAMHZE X > £ —(2000)14]
+ Eq. 8 o] fEF=rAel tigk eapl&o] 0.039]
35 S8R slal Ut ol ARl dial HitA o
2 17%% AFE 5183k Aotk & fEFe] HFAE
B7ket7) S18td Eq. (9)9F B2 AFREFAE Ak
ot ol AS5H ARE HAFEe vlEEN QA AXshH
HFFe] SAHAE 20%EaL AAEIAH

12 (20-0.()

03X g, ) ®

- Ll ©)
cp

©
T
>

A7|A, Ege =33 At
Al AT, 0,5 ASHTRE, B 4%‘“*0?}
Q= ARPETelt). AAE tsEgwtol sl 8¢
7SS o8- Xivr?J““Eﬁé% B s 4t
Al o o]F A=x9} vlwgt A= Table 590 AA|FH
Aot BE i3ESarol] sl *‘5x19} == et
Hl%O] 0.03 °3IIS & & Ao}, No.12 TAPSe] 4
$ HFAEE 2P} 2721% YeRNaL Q7] wjitol] A
Q%T%% FA317] 21 tiaEgarol A AlL|AFT

#2048 E3IBIE - 20094 SH

4.3 A&l %—1‘-%#2! =Nz

AGEFS 93] Y8l Fig. 69 22 A= 4
N EH:JL_Lr:rL-'] A BT} SIsHA WAt 71 8
o 3] ASHS AT E7HA vldst] o
sth AYEFFE olES AFITEH sl &
g5l ddshe %%ﬁ%%*d—% 2HsaL ol
Aol A HFErEke] AR APt Fig. 145 F
Fo] ZIEAHNA 1008 W= AZF-2F 488 mmY 7
 ZF giEEe A AlERt Ef’ﬂ e AYEe
Sgardoln 8% AlESrHS Table 67 2t}

el HiEsTE 44 AEH%T 32,800 m*/s]H]
AZ FEAEY] HEEdo] ot %%i%hc GEVE-¥9]

l

33,670 mY/s2EX] OF 2.6%] Azl Balsle] B Ao ¥
TF FAAG] AE HofFal ok 3 dibFos

A2 B v o s NEAge] Bivs)y Azl
AR Pel| ofgt TR e NmolA T AYE
Aok, Ty 2 A BW‘* A-E 2E AR
Eyol o3t FAT= SR 9 T s
s L o] AZZTEF TN ARFFEE A

NS WEEFE o183l A 100d HE S5
FAE AT o] 79-0] AlF 7,l—ri°ﬂ w2t o=A A
Aok 7 A AFE 3RS No. 19 579 54
3] A|FEE) BAYES Uﬂ‘iiﬂr o] FF= 20061
BE o9jolell oaf HAYSH T Table 19] B Ao

-277 -



== faintall J

- ~5FM
g -
=1 £
= E
o 21000 | LU |
g k=
] ]
£ -
[=Qry

7000 | 100

DischargalCMS]
g
Raintall[mm]

Tirne [hour ]

Table 6. Comparison of Estimated Design Floods

Storage Function | Flood Frequency Analysis
Method Model of Historical Discharge
100 yr No. 2 : 19,800 Gamma? : 28110
Design No. 8 : 27,580 GEV : 33670
Flood No.15 : 20,400 Gumbel : 27130
(m’/s) No.19 : 32,800 LN2P : 33180
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