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Abstract

It is required to estimate reliable design floods for hydraulic structures in order to respond more effectively to recent climate change.
In this study, differences of design floods that were estimated the flood frequency analysis (FFA) and the design rainfall-runoff analysis
(DRRA) were analyzed. In Korea, due to lack of measured flood data, the DRRA method is used in practice to determine the design
floods. However, assuming the design floods estimated by the FFA as true values, the DRRA method over estimated the design floods
by 79%. Thus, this study proposed a practical method to estimated design flood in ungauaged watersheds through regressive adjustment
of flood quantiles estimated from the DRRA method. To this end, after investigating the differences between design floods acquired
from the FFA and the DRRA method, nonlinear regression analyses were performed to develop the adjustment formulas for 8 large-dam
watersheds. Applying the adjustment formula, the accuracy was improved by 65.0% on average over the DRRA method. In addition,
when considering the watershed size, the adjustment formula increases the accuracy by 2.1%p on average over when not considering
the watershed size.
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Fig. 1. Location of dam watersheds used in this study
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Table 1. Area and observation period of dam watershed used in this

10000

a

o

[=3

=)
1

Stream flow (md/s)
g

-
=1

study
Dam watershed| Area (km?) Observation period (year)
Miryang 103 2001-2015 (15 years)
Boryeong 162 1998-2015 (18 years)
Hoengseong 208 2001-2015 (15 years)
Seomjingang 763 1975-2015 (41 years)
Hapcheon 929 1989-2015 (27 years)
Imha 1368 1992-2015 (24 years)
Soyanggang 2670 1975-2015 (42 years)
Chungju 6661 1986-2015 (30 years)
Miyang Boryeong HOSM  Seomin  Hap . Soyng g

Dam Watershed

Fig. 2. Box plots for annual maximum floods (m?/s)
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Table 2. Results of homogeneity and independency test
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Dam watershed I 95% C.I. of 1, % 5% S.L. for %
Miryang 0.0122 -0.576 <1 £ 0433 0.211 1.18
Boryeong -0.0169 -0.520 < r; £0.402 0.3506 1.78
Hoengseong 0.0117 -0.576 <1 £ 0433 0.3274 1.148
Seomjingang -0.003 -0.331 < £0.281 0.2748 1.18
Hapcheon -0.0088 -0.415 <r, £0.339 0.1807 1.234
Imha -0.0107 -0.443 <r, £0.356 0.2595 1.228
Soyanggang 0.0051 -0.331 <, < 0.281 0.1533 1.261
Chungju 0.0054 -0.392 <r; £0.323 0.244 1.24
ST Egk S RAFR O] HTH] B 24X ADL BAGHE A9,
S I e | bm 2t () 2 B0 R /1R S0 Bl GEV Rl B}
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Infrastructure, and Transport, 2011)E 115t EEEH
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= O

o, Gumbel HGEV £ AH20] 471 ot ds s Agtatey, o
Table 3. Results of K-S test
Dam watershed D D005
Gamma GEV Gumbel Weibull

Miryang 0.2024 0.1694 0.2758 0.1842 0.3512
Boryeong 0.1086 0.094 0.1958 0.1052 0.3206
Hoengseong 0.1524 0.0861 0.2148 0.1304 0.3512
Seomjingang 0.1079 0.0553 0.0767 0.051 0.2124
Hapcheon 0.1146 0.1138 0.2016 0.1423 0.2617
Imha 0.2077 0.1045 0.0921 0.1037 0.2776
Soyanggang 0.0725 0.099 0.2075 0.096 0.2124
Chungju 0.0606 0.0716 0.1856 0.0718 0.2483
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Table 4. Parameters of HEC-HMS estimated by Park (2013)

Dam watershed Tc K CN
Miryang 1.4 1.6 83
Boryeong 2.6 1.2 75
Hoengseong 1.8 3.2 75
Seomjingang 1.8 3.8 82
Hapcheon 1.7 1.6 75
Imha 6.6 33 81
Soyanggang 6.5 1.9 71
Chungju 13.4 7.4 79
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4Hg5te] Table SOl AJAISFAT. B A}, thAd 7o A9t
O 2 AAGS-7E T B 2 A H SEgTFol
Sl o 2 A H S s R o A A EE
Ao R Uetth &, U 592 99.3%, I 792
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792 120.1%, ASHH F99236.9%, 2G4 792
91.5%, 7 792 44.6% Wrh AP = QAL A Ao =
79% Ich AP B = A 0 2 Rt
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Table 5. Comparison of design floods estimated by three methods (m*/s)

Design floods Design floods
Return Using Return Using
Watershed period FFA DRRA adjustment | Watershed period FFA DRRA adjustment
(year) method method formula (year) method method formula
(Eq. (4) (Eq. (4))
30 186.6 376.7 257.2 30 1246.1 2683.3 1708.0
50 195.1 389.2 265.6 50 1350.9 2927.6 1900.1
. 80 201.8 411.1 280.4 80 1443.9 3256.4 2191.7
Miryang Hapcheon
100 204.7 405.2 276.4 100 1486.9 3271.1 2205.8
150 209.4 412.1 281.0 150 1563.6 3460.6 2397.5
200 2124 416 283.6 200 1616.7 3589.2 2539.3
30 383.5 591.1 397.9 30 2008.7 2689.5 2290.6
50 425.7 657.7 440.0 50 2209.7 2973.9 2469.5
80 464.7 720.5 479.2 80 2389.8 3347.4 2712.4
Boryeong Imha
100 483.3 747.4 495.8 100 2473.8 3383.9 2736.6
150 517.3 813.3 536.2 150 2624.2 3616.9 2893.3
200 541.5 838.5 551.6 200 2729.3 3778.2 3003.8
30 607.9 1318.5 836.0 30 3570.4 6227.1 4890.4
50 674.4 1540.3 966.1 50 3780.4 6963.3 5531.7
80 735.2 1747 1089.0 80 3953.1 7574.6 6087.8
Hoengseong Soyanggang
100 763.8 1834.2 1141.7 100 4028.9 7778.8 6278.0
150 815.7 2033.1 1264.5 150 4157.3 8323.9 6795.8
200 852.4 2181.6 1359.3 200 4241.8 8711.5 7172.1
30 1714.9 2512.8 1583.6 30 10755.5 14047.2 12483.2
50 1939.1 2826.1 1818.1 50 11644.7 16082.7 14150.3
B 80 21543 32225 2159.5 . 80 12418.4 17924.3 15264.1
Seomjingang Chungju
100 2259.7 3292.3 2226.3 100 12772.0 18654.1 15585.9
150 2456.9 3571.7 2519.4 150 13393.2 20338.9 16063.8
200 2601.4 3772 2760.3 200 13818.1 21680.1 16194.0
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Table 6. Regression equations of flood quantiles from flood frequency analysis and design rainfall-runoff analysis method

Name Equation Parameters R?
Rational model y= % a=63.82,b=0.4996, c = -4.668E-05, d = 1.715E-09 0.9873
1+cr+dx

Reciprocal quadratic-YD y=z/(a+bx+c?) a=1.896, b=-8.113E-05, ¢ = 3.051E-09 0.9872

Weibull model y=a—be" e a=1.962E+04, b = 1.943E+04, ¢ = 1.420E-06, d = 1.375 0.9864

Hoerl y=ab"z° a=8.028,b=0.999, c=1.262 0.9861

Logistic power y=a/ 1+ (z/b)°) a=4.198E+04, b = 3.610E+04, ¢ =-1.240 0.9860

Vapor pressure model y= T Fenle) a=-0.261, b="-3.399E+02, c = 9.911E-01 0.9852

Heat capacity y=a+bo+c/a? a=-2.013E+02, b =7.048E-01, c = 1.449E+07 0.9851

Shifred power y=alz—0b)° a=6.014E-01, b= 1.685E+02,c=1.016 0.9850

Exponential plus linear y=a+tbr’ +cz =-2.473E+02, b =3.297E+02, ¢ = 7.091E-01, r = 9.986E-01 0.9850

Bleasdale-YD y=xz(a+bx)” e a=28.046, b =-1.294E+01, ¢ =-6.638E-01 0.9850
W48 75 A, Choi etal. (2015)2 A 2o 5-¢-A Table 6914 xi= A& TA 24 oz A7 H
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Table 7. RMSE and Skill Scores of application of adjustment formula
Watershed left out
RMSE/SS - — -
Miryang | Boryeong [Hoengseong|Seomjingang| Hapcheon Imha Soyanggang| Chungju
RMSE of DRRA method 200.1 260.7 1054.6 1020.1 1756.4 901.7 3690.2 5852.3
RMSE 101.9 30.7 3352 318.0 559.5 509.0 2082.9 548.0
Rational model

Skill Score 49.1 88.2 68.2 68.8 68.1 43.5 43.6 90.6
Using adjustment | RMSE 72.4 14.4 379.4 101.8 723.1 279.2 2235.1 2518.5
formula (Eq. (4)) | Skill Score 63.8 94.5 64.0 90.0 58.8 69.0 39.4 57.0

urum RS %rﬂ o= QME A 7N, Al
1 4*

37}11 e OE*JX HHETTHEq Q)= ol
2| HAEAS 7= A 24 JJ'Q:HEHM S 483t
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