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Abstract

The lack of sufficient flood data being kept across Korea has made it difficult to assess reliable estimates
of the design flood while relatively sufficient rainfall data are available. In this regard, a rainfall simulation
based derivation technique of flood frequency curve has been proposed in some of studies. The main issues
in deriving the flood frequency curve is to develop the rainfall simulation model that is able to effectively
reproduce extreme rainfall. Also the rainfall-runoff modeling that can convey uncertainties associated with
model parameters needs to be developed. This study proposes a systematic approach to fully consider rainfall-
runoff related uncertainties by coupling a piecewise Kernel-Pareto based multisite daily rainfall generation
model and Bayesian HEC-1 model. The proposed model was applied to generate runoff ensemble at Daechung
Dam watershed, and the flood frequency curve was successfully derived. It was confirmed that the proposed
model is very promising in estimating design floods given a rigorous comparison with existing approaches.

Keywords : rainfall simulation, uncertainty analysis, flood frequency curve, rainfall-runoff simulation
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Table 1. Watershed Characteristics for Rainfall-Runoff Modeling

No. Basin Name Area (km®) Flow Length (km) Slope (m/m)
1 Yongdam Dam Basin 129.04 28.488 0.01921

2 Namdae—-cheon Basin 464.46 58.274 0.02420

3 Youngdong—cheon Basin 704.17 68.551 0.00420

4 Chogang Basin 672.75 72.260 0.00855

5 Bocheong—cheon Basin 557.42 72.060 0.00487

6 Daecheong Dam Upstream Basin 11751 28.667 0.00431

7 Daecheong Dam Basin 668.54 81.654 0.00600

Table 2. A Range of Rainfall-Runoff Parameters Used in this Study

Time of Concentration(hr) Storage Coefficient(hr) CN No.

Minimum | Average | Maximum |Minimum | Average |Maximum |Minimum | Average | Maximum
Yongdam Dam Basin 2.45 3.14 3.92 2.67 3.22 3.92 81.2 88.3 94.5
Namdae-cheon Basin 4.15 5.87 7.34 4.46 6.33 7.60 81.4 86.0 98.4

Youngdong-cheon Basin 4.95 6.89 8.48 5.25 6.57 8.59 80.6 84.1 9.1

Chogang Basin 3.76 5.78 6.93 4.24 5.84 7.65 80.2 84.1 97.3

Bocheong-cheon Basin 4.63 6.13 8.29 4.65 6.81 9.75 81.4 85.6 9.1

Basin Name

Daccheong Dam Upstream | a9 | 510 | 993 | 18 | 300 | 418 | 82 | 894 | 977

Basin

Daecheong Dam Basin 4.28 6.46 10.86 4.89 5.99 7.83 81.4 871.7 97.3

Daecheong f~
Dam(Outlet)i§_
\

Youngdong-cheon

! V3 Namdae-cheon
y

‘Yongdam Dam

15,008 5500 <2000 eters
- —
10.0005.000 0 10,000 Mett
- —

Fig. 2. A Map Showing Daecheong Watershed

el el ol %ngsm ST &, SYR 49— AIrel 14 o
HY % 5 famgol ATl te AS40E B o] A9 2 245 A Aolo) $IVLE TR
A HE v RS E S Fgslekd esk 47 FRETos Asieith BHEC-12d] 4§
o mhebd B Aol oleldt BANS sl § S1% ARIREE 71 HEC-18 245 s oy
34 20039FE] 20106 7FA] 870 Z3--AMdel digk ZH7} F449 w7/ SE 7|22 (Table 1), 2L APIREE F

64 BEKERBEMNE



; upn ,
0 10 20 30 40 50 60 70 80 90
Time(hour)

(c) Rainfall-Runoff Modeling Results (year 2007)

= [elfe: Ne) o =) 2= = >~
lelglom, 77 afele EA6 thow ALse 4 BHEC-1 71%& 53 molel $#34% 42583
ot 1 Ax, ZF AR 3719 miziRS(SCS e e A o g v Aol dAE ghs BolFaL
CN. No, Clark®] Tc, R), % 21712 wi/IETE Al & om 7]Ed HEC-1 w7l 3243} W<l Nelder
/\ = 2~ S I~ =] = =] o O S =]
A3} @ % Alom, i AGTE SR FEE F dE el ve) 2eld @S ANEASS Hls
o o~ T - =
= 100009 oS stoltt. vizhas FHg e o th o5 SAIAR AxEE FEl AR vlal HEs
[e) : O = I
+ Fig. 33 2Zov, w7 g e—f/E 29 =4 Atk B =olAE EAA W e ® Al (cor-
S Zgkel SE2A L Fig. 49 o] UEeld 4= o relation coefficient, CC), Nash-Sutcliffe Al5~(N-S), &
7)Aol 3 AFSE Y AL 7] Kwon et al. X Al9=(Index of agreement, IoA), H2(bias), A2
(2012)¢] A+ A= g8tk ZHroot mean square error, RMSE)S Alg-alo] 239
Parameter 1 Parameter2 H Parameter 8 Parameter 9 5 Parameter 15 & Parameter 16
5 5 32 g 3.4 g 6.5
é 35_ g — § i - E, 32, * ?‘_ o=
0 5000 10000 0 § 10000 £ 5000 10000 10000 g h 10000 ; 55 5000 10000
Number of generation Number of generation L Number of generation Number of generation Number of generation Number of generation
Parameter 3 Parameter 4 Parameter 10 H Parameter 11 . Parameter 17 . Parameter 18
: s - H = :
: - o | . . L
8 | — e [ - : : |
L . s000 10000 o s000 10000 EY 5000 o0 £% 5000 10000 2 5000 o000 3 5000 10000
Number of generation Number of generation B Number of generation £ Number of generation Number of generation Number of generation
Rutsmeters Rarancterss Parameter 12 H Parameter 13 - Parameter 19 < Parameter 20
. . 100, 7 — E 24 g7 Ea
5o § o — L ?6 ? 3 s
t T— ¢ : e § -
o se0 10000 L) 5000 10000 E:n 5001 10000 5 5000 10000 % 5000 10000 % 25 5000 10000
Number of generation Number of generation B ‘Number of generation - Number of generation Number of generation Number of generation
Parameter 7 Parameter 14 “ Parameter 21
5] 565
H s
§
g —_ 7 S 6
& [ £l s =
S00: 10000, £ 10000 & 10000
Number of generation = Number of generation Number of generation
Fig. 3. Plot of Convergence of 21 Rainfall-runoff Parameters (Kwon et al., 2012)
6000 : : : 7000 . T T T
Uncertainty Bounds(ModelInput) Uncertainty Bounds(Model+Input)
Uncertainty Bounds(Parameter) Uncertainty Bounds(Parameter)
5000 Predicted Discharge 6000 —— Predicted Discharge
=——Observed Discharge ~——Observed Discharge
——Nelder Method s000|- ——Nelder Method
2 4000 Z
-} “E 4000
§ 3000 &
2 Z 3000
2 2
2 2000 a
2000
1000 606
0 L 0
0 10 20 30 40 50 60 70 80 90 100
Time(hour) Tlme(hour)
(a) Rainfall-Runoff Modeling Results (year 2003) (b) Rainfall-Runoff Modeling Results (year 2006)
7000 - - - 7000 : : :
Uncertainty Bounds(ModelInput) Uncertainty Bounds(Model+Input)
Uncertainty Bounds(Parameter) Uncertainty Bounds(Parameter)
6000 Predicted Discharge 4000 Predicted Discharge
~—— Observed Discharge —=—Observed Discharge
so00L ——Nelder Method Sl ——Nelder Method
“E 4000 “E 4000
) &
g 3000 Z 3000
=) A
2000 2000
1000 1000
0

Tlme(hour)

(d) Rainfall-Runoff Modeling Results (year 2009)

Fig. 4. Calibration Results and Their Uncertainties Estimated from Posterior Distirbution
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