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Abstract

A robust parameter set (ROPS) selection framework for an unsteady flow model was developed by combining Pareto optimums
obtained by outcomes of model calibration using multi-site observations with the minimax regret approach (MRA). The multi-site
calibration problem which is a multi-objective problem was solved by using an aggregation approach which aggregates the weighted
criteria related to different sites into one measure, and then performs a large number of individual optimization runs with different weight
combinations to obtain Pareto solutions. Roughness parameter structure which can describe the variation of Manning’s »n with
discharges and sub-reaches was proposed and the related coefficients were optimized as model parameters. By applying the MRA which
is a decision criterion, the Pareto solutions were ranked based on the obtained regrets related to each Pareto solution, and the top-rated
one due to the lowest aggregated regrets of both calibration and validation was determined as the only ROPS. It was found that the
determination of variable roughness and the corresponding standardized RMSEs at the two gauging stations varies considerably
depending on the combinations of weights on the two sites. This method can provide the robust parameter set for the multi-site
calibration problems in hydrologic and hydraulic models.
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Fig. 1. Study area: Han River

| Sub-reach 1 | Sub-reach 2 |

Wangsuk Stream
(13.2 km)

Tan Stream
Paldang Br.
(244 km) 0.5 on)
Jungrang Stream l

(28.4 km)

Anyang Stream Lhe Paldang Dam
(46.0 km) Jamsil Submerged
Weir (22.6 km)
Singok Submerged 1
Weir (54.2 km) Banpo Br.
(32.5 km)
Hangang Br.
oo haengupr. (&1 kM [ | Gauging Station
Junryu (525 km) = Fluvial-type flow

(69.4 km) " Weir-type flow

Fig. 2. Schematic representation of the modeled river reach
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Table 1. Descriptions of two flood events used in this study

Flood Period Peak time Peak runoff
Event (mm/dd/yyyy (mm/dd/yyyy (m’s)
hh:mm) hh:mm)
07/24/2008 10:00 07/25/2008
1 to 00:10 16,146
07/27/2008 04:00 ’
07/12/2004 10:00 07/13/2008
2 to 10:00 9,909
07/15/2004 00:00 ’

Thalweg elevation (El. m)

0 10000 20000 30000 40000 50000 60000
Distance from Paldang Dam (m)

Fig. 3. Thalweg elevation for the study river
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Input data {discharge,
water levels,...)

Weight combinations

Objective function

| Unsteady flow model |

Optimization algorithm

Calibration using objective functions with 11
weight combinations on Event 1 {2008/7/24)
2 7

Minirmize 5(n) = Z Z (welerf - )Y

k=1g=]1

Best robust parameter set selection for
performance measure (RM3IE) using
minimax regret approach

Event 1: 2008/7/24

Event 2: 2004/7/12

Fig. 4. Flowchart for the proposed methodology
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and Kanudia, 1999; Chung and Kim, 2014).
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Table 2. Estimated parameters using different combinations of weights
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Combinations of weights
No. By @ B
v, @
1 0.0 1.0 0.0551 -0.0842 0.1187 -0.1858
2 0.1 0.9 0.0518 -0.0772 0.1089 -0.1761
3 0.2 0.8 0.0523 -0.0775 0.0930 -0.1587
4 0.3 0.7 0.0507 -0.0745 0.0666 -0.1224
5 0.4 0.6 0.0516 -0.0752 0.0451 -0.0792
6 0.5 0.5 0.0493 -0.0699 0.0330 -0.0448
7 0.6 0.4 0.0565 -0.0846 0.0286 -0.0293
8 0.7 0.3 0.0998 -0.1463 0.0221 -0.0008
9 0.8 0.2 0.1065 -0.1530 0.0213 0.0029
10 0.9 0.1 0.1250 -0.1703 0.0176 0.0238
11 1.0 0.0 0.1366 -0.1796 0.0170 0.0276




L. Li et al. / Journal of Korea Water Resources Association 50(3) 191-200 197

[

F----r

O O OoObservations

w,=0.0, w;=1.0
wi=0.1, w;=0.9
wi=0.2, w;=0.8
wi=0.3, w;=0.7
wi=0.4, w;=0.6
Wi=0.5, w;=0.5
Wi=0.6, w;=0.4
wi=0.7, ;=03

— — — w=08,w,=0.2
— — w=09, w,=0.1

wi=1.0, w;=0.0

o
=)
N |
=)
w
=

40 50
Time (hour)

(a) Paldang Bridge

— wy=1.0, w;=0.0
O O OoObservations

=
\ ,,,,, =%,
i '
N | Y R
| T
| |
\ i f
0 10 20 30 40 50 60
Time (hour)

(b) Banpo Bridge

Fig. 6. Calibrated hydrographs (lines) using 11 optimized parameter sets

0.24

022 ----

,,,,,,,,,,,,,,,,,,,,,,,,

020 -~ Gi-----

048 - ---d---ooloooolooo

,,,,,,

,,,,,,,,,,,

o

=

o
|

RMSE for Banpo Br.

044 — ----

] h i
) | |
' ! !
' | |
) ! !
T T 1
0.10 0.12 0.14 0.16 0.18 0.20 0.22
RMSE for Paldang Br.

(a) Scatter plot between two RMSEs

1.2
< Paldang Br.
- -[zJ- - Banpo Br.
1.0 -
-
,
w 0.8 —
7]
g 2
B 06| TR ¢
3 /
c /2
)
@ 0.4
& 4 " %
0.2~ R TN 7"
N & & AN 4N P
Toe R R b/, N
0.0 T T T T \ ? \ T \
1 2 3 4 5 6 7 8 9 10 11
Pareto set

(b) Standardized RMSEs along the 11 parameter sets

Fig. 7. RMSEs for two sites with 11 parameter sets

Table 3. Robust ranking based on the minimax regret approach

(MRA) for the calibration

Combinations of weights Calibration
w; W,y Regret Rank
0.4 0.6 0.086 1
0.2 0.8 0.153 2
0.5 0.5 0.204 3
0.6 0.4 0.289 4
0.1 0.9 0.304 5
0.3 0.7 0.318 6
0.0 1.0 0.359 7
0.7 0.3 0.517 8
0.8 0.2 0.591 9
0.9 0.1 0.957 10
1.0 0.0 1.000 11
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Table 4. Robust ranking based on the MRA for the validation
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Table 5. Robust ranking based on the aggregated regrets obtained from the calibration and validation

Combinations of weights Calibration Validation Aggregated )
w, W, Regret Rank Regret Rank regret Final rank
0.4 0.6 0.086 1 0.894 5 0.490 1
0.2 0.8 0.153 2 0.893 4 0.523 2
0.6 0.4 0.289 4 0.812 2 0.551 3
0.5 0.5 0.204 3 0.928 6 0.566 4
0.1 0.9 0.304 5 0.960 8 0.632 5
0.0 1.0 0.359 7 0.932 7 0.646 6
0.3 0.7 0.318 6 1.000 10 0.659 7
0.7 0.3 0.517 8 0.812 1 0.664 8
0.8 0.2 0.591 9 0.875 3 0.733 9
0.9 0.1 0.957 10 0.981 9 0.969 10
1.0 0.0 1.000 11 1.000 11 1.000 11
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