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Abstract

In hydrologic modeling, prediction uncertainty generally stems from various uncertainty sources
associated with model structure, data, and parameters, etc. This study aims to assess the parameter uncer—
tainty effect on hydrologic prediction results. For this objective, a distributed rainfall-sediment yield-runoff
model, which consists of rainfall-runoff module for simulation of surface and subsurface flows and
sediment yield module based on unit stream power theory, was applied to the mesoscale mountainous area
(Cheoncheon catchment; 289.9 km?). For parameter uncertainty evaluation, the model was calibrated by a
multi-objective optimization algorithm (MOSCEM) with two different objective functions (RMSE and
HMLE) and Pareto optimal solutions of each case were then estimated. In Case I, the rainfall-runoff module
was calibrated to investigate the effect of parameter uncertainty on hydrograph reproduction whereas in
Case II, sediment yield module was calibrated to show the propagation of parameter uncertainty into
sedigraph estimation. Additionally, in Case III, all parameters of both modules were simultaneously
calibrated in order to take account of prediction uncertainty in rainfall-sediment yield-runoff modeling.
The results showed that hydrograph prediction uncertainty of Case I was observed over the low—flow
periods while the sedigraph of high-flow periods was sensitive to uncertainty of the sediment yield module
parameters in Case II. In Case III, prediction uncertainty ranges of both hydrograph and sedigraph were
larger than the other cases. Furthermore, prediction uncertainty in terms of spatial distribution of erosion
and deposition drastically varied with the applied model parameters for all cases.

Keywords : distributed rainfall-sediment yield-runoff model, parameter uncertainty, prediction uncertainty,
multi-objective optimization, MOSCEM, pareto optimal solution
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Fig. 1 Flowchart of the Distributed Rainfall-runoff-sediment Yield Model
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Table 1. Model Parameters and Feasible Parameter Ranges for Uncertainty Assessment
Parameter Description Range of value
d, The depth of the unsaturated soil layer (mm) 50~300
d, The depth of the saturated soil layer (mm) 1~700
k, The hydraulic conductivity of the saturated soil layer (m/s) 0.001~0.1
6 The non-linear exponent constant for the unsaturated soil layer 2~10
dy, The median grain size (mm) 1~10
k, The soil detachability (kg/J) 0.0008 ~0.006
o The detachment or deposition efficiency 0.335~1.0
The total kinetic energy of the net rainfall (J/m?) 1~30
V,S The critical unit stream power (m/s) 0.002~0.100
. i
Acceptable region ° °,
For objective F(8) . 3
le
T s T .
) Lol F(o
2 8, wl 1(6)
e2
Acceptible region ‘ ° o2
jgctive F,(6) & LB
L] . -
A5 B
8, 8, —» F(6) —»
(a) (b) (c)
Fig. 2 Schematic Diagrams of the MOSCEM Algorithm (Vrugt et al., 2003b)
) F,(0)E #Aisksles A4ui¥4-E e, Fig. 2(c)
min{£(0),5,0),- B0}, 0C6 O 01 ael BE ek 34 o249 Pareto 27
AZIA, F(0), i =10 7] T2 HASE 4= B ol sigerh Figs. 2(b) and ()] Z2+e] 52 wi7h
Aol A3 w/hHE o 7Fsm/iaFERLlE o W B0 27|3ES YERIM, Fig. 2(0)¢] HEd
. 5 SEHAI A AT 0o wA IR Sz 2 G A Parto rank 912
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2 Q) RE SRS Haw ot A4 das 0 wEdos Aglend AEen F HARSS w
g Fv e BUbseiy, dutd o sy A7) UWHE‘E—’FEL, Pareto 432 F~HslA Hrk &=
AREE B3RS SN RSk wi TS AT 3k Fig. 2(c)9] As} Be] AAIA A AS w}E} BE o]
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v

Sample s points in ® using prior distribution
Compute the multiobjective vector F at each point

v

Compute fithess for each individual of samole and sort the
S points in order of decreasing fitness. Store them in D

v

Initialize q parallel sequences S starting
At the g points of D with highest fitness.

v
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Evolve each sequence k -4

Sk k=12 .,q ».| SEM dlgorithm
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Fig. 3. Flowchart of the MOSCEM Algorithm (Vrugt et al.,
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Fig. 4. (a) Thiessen Polygons of the Yongdam Dam Basin and (b) Hill-shade Topography of the Study
Site: Cheoncheon Catchment Marked by a Bold Solid Line in Fig. 4(a).
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Table 2. Parameter Uncertainty Range and the Compromise Solution in Case |

Optimal Parameter ;
Parameter Uncertainty Range Comprgmme
RMSE HMLE Solution
d, 54.4 ~ 286.7 (mm) 54.4 253.9 154.3
d, 1 ~74.3 (mm) 56.2 4.2 2.2
k, 0.004 ~ 0.050 (m/s) 0.0065 0.047 0.025
8 2.016 ~9.970 2.050 9.936 4.394
500 1 T
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Fig. 5. Parameter Uncertainty Assessment: (a) Pareto Solution and (b) Normalized Optimal Parameter
Sets of Case |
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Fig. 6. Parameter Uncertainty Assessment: (a) Pareto Solution and (b) Normalized Optimal Parameter
Sets of Case Il

Table 3. Parameter Uncertainty Range and the Compromise Solution in Case Il

Parameter Uncertainty Range RMSEptlmal Parame:;/ILE COSH:) Eg?)ﬁse
ds 9.78~9.99 (mm) 9.980 9.987 9.989
k, 0.0008 ~0.002 (kg/J) 0.0012 0.001 0.001
! 0.335~0.401 0.350 0.348 0.339
KE 1.004~2.598 (J/m”) 1775 1.016 1.817
V.S 0.0976~0.1 (m/s) 0.1 0.0998 0.0998
H43% H51259% 20104F 121 1019
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Table 4. Parameter Uncertainty Range and the Compromise Solution in Case Il

Parameter Uncertainty Range Dshar Bt Comprqmise
RMSE HMLE Solution

d, 15.48 ~350.6 (mm) 39.70 158.30 133.09
d, 1.58~120.99 (mm) 88.64 42.15 57.32
k, 0.0011~0.0988 (m/s) 0.0046 0.0073 0.0123
Jé] 2.045~9.703 6.653 4.749 8.264
ds, 4.659~9.998 (mm) 9.15 9.97 9.43

k, 0.0008 ~0.0038 (kg/]) 0.0009 0.0008 0.0008
« 0.3564~0.9972 0.6127 0.8622 0.7588
KFE 10.015~23.626 (J/m’) 14.282 10.573 16.037
V.S 0.056~0.0995 (m/s) 0.0914 0.0954 0.0969
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