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Abstract

Estimation of design floods is typically required for hydrologic design purpose. Design floods are routinely estimated for water
resources planning, safety and risk of the existing water-related structures. However, the hydrologic data, especially streamflow data for
the design purposes in South Korea are still very limited, and additionally the length of streamflow data is relatively short compared to
the rainfall data. Therefore, this study collected a large number design flood data and watershed characteristics (e.g. area, slope and
altitude) from the national river database. We further explored to formulate a scaling approach for the estimation of design flood, which
is a function of the watershed characteristics. Then, this study adopted a Hierarchical Bayesian model for evaluating both parameters
and their uncertainties in the regionalization approach, which models the hydrologic response of ungauged basins using regression
relationships between watershed structure and model. The proposed modeling framework was validated through ungauged watersheds.
The proposed approach have better performance in terms of correlation coefficient than the existing approach which is solely based on
area as a predictor. Moreover, the proposed approach can provide uncertainty associated with the model parameters to better characterize
design floods at ungauged watersheds.
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Fig. 1. Correlation analysis of specific discharge - area
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Table 1. Estimated a set of parameters of the existing approach for different return periods and watersheds

° 10

o 20

30

° 50

X Parameter X Parameter
Watershed | Return period R Return period R
c m c m
10 18.7136 -0.2292 0.740 80 27.9256 -0.1955 0.660
. 20 21.3733 -0.1951 0.647 100 29.0791 -0.1947 0.664
Han river
30 22.7824 -0.1906 0.628 150 28.6774 -0.1928 0.694
50 25.5468 -0.1948 0.661 200 30.6750 -0.1863 0.659
10 17.7659 -0.2217 0.679 80 25.0423 -0.2215 0.706
20 18.5538 -0.2135 0.710 100 26.1482 -0.2224 0.715
Nakdong river
30 20.4838 -0.2133 0.665 150 27.5672 -0.2037 0.674
50 22.9359 -0.2225 0.691 200 29.2981 -0.2263 0.732
10 16.8895 -0.2196 0.638 80 24.4614 -0.2061 0.663
. 20 19.5077 -0.2221 0.703 100 25.5238 -0.2039 0.654
Yeongsan river
30 19.5121 -0.1954 0.613 150 31.6135 -0.2368 0.715
50 22.0606 -0.2002 0.638 200 29.1514 -0.2090 0.716
10 14.6580 -0.2936 0.656 80 24.4148 -0.2153 0.769
. 20 19.2347 -0.2203 0.793 100 25.5564 -0.2160 0.777
Geum river
30 19.8591 -0.2111 0.753 150 25.8658 -0.2575 0.941
50 22.2466 -0.2149 0.766 200 29.4292 -0.2191 0.792
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FAPYALE B)AIS ol A Bl it A7 1 kS 2
stod FASIAATE. o]l Eq. (12)°fl T3 2] 2 118H-E (excee-
dance probability) 12+ F7Foto] S48 S ARG 5
Shlow, E(t) & Z02HE QIAE A 7)3Ee] polth &
ol A Z-8-_t AR 32 O] Y Ell+= Bayesian ©]- 2] 9]
Eq. (16)7} 2¢o] LFERd 2= 91ti(Gelman ef al., 2003).

p@@:ﬁiwmmwwm@ (16)
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Fig. 2. A map showing Korea peninsula. Shaded area indicates four
major watersheds
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Table 2. Credible interval of model parameters derived from posterior
distributions

Watershed | Parameter | Mean 2.5% 50% 97.5%

8 -0.2129 | -0.2176 | -0.2129 | -0.2083

o 22.2099 | 18.2000 | 21.9600 | 27.5600

Han o, 22.3430 | 18.2650 | 22.1000 | 27.8700

river 0, -0.6145 | -0.6170 | -0.6145 | -0.6118

0, 0.0008 | 0.0001 0.0008 | 0.0015

0, 1.2122 1.1550 1.2120 1.2690

B8 -0.2314 | -0.2375 | -0.2314 | -0.2254

o 17.7185 | 14.1350 | 17.5050 | 22.8500

Nakdong o, 18.2584 | 14.4350 | 17.9200 | 23.6800

river 0, -0.5968 | -0.6001 | -0.5969 | -0.5934

6, -0.0023 | -0.0031 | -0.0023 | -0.0016

0, 0.8258 | 0.7796 | 0.8263 | 0.8749

8 -0.2270 | -0.2345 | -0.2269 | -0.2195

o 23.9028 | 19.2900 | 23.6200 | 29.9650

Yeongsan o, 25.1599 | 20.2650 | 24.8300 | 32.1250

river 0, -0.6015 | -0.6059 | -0.6014 | -0.5971

0, -0.0015 | -0.0032 | -0.0015 | 0.0001

0, 1.1698 1.0890 1.1700 1.2490

B8 -0.2692 | -0.2764 | -0.2693 | -0.2618

o 20.8768 | 17.0150 | 20.6400 | 26.2300

Geum o, 222374 | 17.7700 | 22.0000 | 27.9300

river 0, -0.6156 | -0.6204 | -0.6156 | -0.6111

6, -0.0031 | -0.0041 | -0.0031 | -0.0021

0, 1.3456 | 1.2220 | 1.3440 | 1.4720
LEA S AR SISk BAe] oLt ol efst 24
2 2 Aol A AlAISh= Bayesian GLM & &85t
WA 5= Ik & AR REEHE HTFEEs ol 92}
2P BREE A 2@ 4 ol £ ATl 55
F Ao A 7= 8t R X e 2%
stlom, i A4S A3 E B aS FaHA, 1
ZAAL B A AR T O] 9b & A ol F Tt Fig. 4= 2 Aol A
A|Fsh= Bayesian GLM 232 -85 U 'H 2ol FH]
o] g4 7] oI5} B kS EAlsloATt Fig 49] 2|45} 2
T8 A, Bl whebd EAG I ] g4 S
Aol Fig. 10] Ao} b Aoz nE o) 9 4
20 2 ZA T 2L 1T 4+ 9tk Fig. 4ol 1A 6.9
O T F95 T A= AIHS Table 30 A

A5 e R G AP AN o714, @, =]
AZ § o) 1155 (m/skm?), A= GAA (Kkm?), s=
FIAA %), T= A7 7Hyear)S UERATE
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Han River

Nakdong River
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Fig. 3. Posterior distributions of model parameters at four major watersheds
, Han River Return Period , Nakdong River Return Period
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Fig. 4. Regionalization results by Bayesian GLM analysis at four major watersheds
Table 3. Regionalized design rainfall equations to estimate specific discharge for the ungauged watersheds
Watershed Equation
Han river Q. e = exp(log(exp(exp(—2(—0.6145— 0.0008log(.5)+1.2122(1 — (1/ 7))))))— 0.2129l0g(4))
Nakdong river Q. e = exp(log(exp(exp(—2(—0.5968 — 0.0023log(.5)+0.8258(1 — (1/ 7))))))— 0.2314log(4))
Yeongsan river Q. pee = exp(log(exp(exp(—2(—0.6015— 0.0015log(.5)+1.1698(1 — (1/ 7))))))— 0.2270log(A))
Geum river Qe = exp(log(exp(exp(—2(—0.6156 — 0.0031log(.5)+1.3456(1 — (1/ 7))))))— 0.2692log(4))
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Fig. 6. A scatter plot of specific discharge for different return periods between data and simulation (Han river watershed)



Table 4. Comparison of model performance between the proposed
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model and existing approach with coefficient of correlation

R R
Return Return
Watershed . Bayesian ; Bayesian
eriod | [j eriod | T
P Linear GLM p Linear GLM
10 0.740 | 0.957 80 | 0.660 | 0.944
Han 20 0.647 | 0.943 100 | 0.664 | 0.943
river 30 0.628 | 0.939 150 | 0.694 | 0.946
50 0.661 0.944 200 | 0.659 | 0.940
10 0.679 | 0.944 80 | 0.706 | 0.948
Nakdong | 20 0.710 | 0.945 100 | 0.715 | 0.949
river 30 0.665 | 0.942 150 | 0.674 | 0.939
50 0.691 | 0.946 200 | 0.732 | 0.952
10 0.638 | 0.941 80 | 0.663 | 0.934
Yeongsan | 20 0.703 | 0.947 100 | 0.654 | 0.932
river 30 0.613 | 0.926 150 | 0.715 | 0.948
50 0.638 | 0.929 200 | 0.716 | 0.943
10 0.656 | 0.961 80 | 0.769 | 0.944
Geum 20 0.793 | 0.953 100 | 0.777 | 0.945
river 30 0.753 | 0.941 150 | 0.941 | 0.985
50 0.766 | 0.944 200 | 0.792 | 0.946
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Fig. 7. Cross-validatory analysis of the proposed approach for four major watersheds
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Table 5. A comparison through statistical assessment between design flood and predicted discharge

Watershed Han river Nakdong river Yeongsan river Geum river
R 0.953 0.955 0.953 0.912
IoA 0.971 0.963 0.971 0.950
RMSE 1.045 0.835 1.045 0.865
Median (Obs.) 21.206 12.765 21.206 13.563
Median (Pre.) 20.830 12.818 20.830 13.301
SD (Obs.) 3.322 2.518 3.322 2.025
SD (Pre.) 3.108 1.986 3.108 2.021
Cv (Obs.) 0.157 0.197 0.157 0.149
Cv (Pre.) 0.149 0.155 0.149 0.152
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