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Fig. 1 Framework of an interval mixed integer/stochastic

robust optimization model (IMISRO)
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Tab. 1 « Flood water level and related economic parameters of natural riparian ecosystem
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Tab. 2 Restoration schemes of ecological resilience in riparian zone and its related costs
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Tab. 3 Flood peak water level and its probability distribution
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Tab. 4 Binary variable solution of the IMISRO model
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KREKF % TR kgl K2 KB K2

JEH AR 5 1 Yoy e Yoy - 0 0
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2 EARHETRE 1 H#REITSEMENE

Fig. 2 Design elevation increment of flood control embankment

|
in area 1 under different flood peak water level
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Fig. 3 Design elevation increment of flood control embankment

n area 2 under different flood peak water level
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XS b T X B 507 AR I it PR R i X R A
TE T2 11 18 bt . B8 A k7K Ay R 1 2 B 0 R
FEXTEE /D BT LA 24 b X 3% {4 1) 7 10k e T A 2 DK
TR st 7K (R4 0 BT o A TR UK 23 AR 5 0 L 45 IX
3 IRAH . F Ik 3 RHE T A AT A, PR AR
UK AR AR A A I R s R X IR T B Y
PEAEBE T A 13,9 m, 78 FhoK P ry kg 7K 467 TR T
AL 14. 8,15. 8 Jm, 1 AE MK AV Ay o A 8 R %
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Tab. 5 Optimal solution of continuous variables obtained by IMISRO model

K ALK 2/ % [X I8 Wi~ /m Ty.ope - /m Sij o= /m Wisop ™+ Tijrope t +Sijop ) /m

FEH AR 5 1 11. 8 0 0 11.8

[ 208 5 2 [13.0,13.8] 0 0 [13.0,13. 8]
EIRCL0S 5 3 13.9 0 0 13.9

1% 10 1 11.8 0 0 11.8

1% 10 2 [13.0,13. 8] 0 0 [13.0,13.8]
1% 10 3 13.9 0 0 13.9
g 15 1 11.8 0 0 11.8
HIg 15 2 [13.0,13. 8] 0 0 [13.0,13. 8]
g 15 3 13.9 0 0 13.9

ER 40 1 11.8 0 0 11.8

e 10 2 [13.0,13. 8] 0 0 [13.0,13.8]
CA 40 3 13.9 0 [0.9.1.9] [14.8,15. 8]
i 15 1 11.8 [2.8.3.5] 0 [14.6,15.3]
s 15 2 [13.0,13. 8] 0 0 [13.0,13.8]
s 15 3 13.9 0 0 13.9

& 10 1 11.8 [3.5.4.0] 0 [15.3,15. 8]
=2 10 2 [13.0,13.8] 0 0 [13.0,13.8]
=] 10 3 13.9 0 [0.9,1.1] [14.8,15.0]
|1 5 1 11. 8 [2.8,3.5] 0 [14.6,15.3]
R4 5 2 [13.0,13.8] [3.0,4.0] 0 [16.0,17. 8]
deHw 5 3 13.9 0 0.2 14.1
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Tab. 6 Penalty cost in the second stage under different weights
KB S5 0=0

TESRA Y
AR/ T

0=0.5 o=0. 8 o=1.0

[13.6.26.5] [12.2,23.5] [11.1,21. 1] [9.3.18.9]

Bl 4 FIE 5 3 HilREs THEA RN ST 15
AR SRR AR FERA » DAL il 22 10 22 1k a5
AL LA B U OBE 3 . T 5
(2R GERAS B B R AR S B R A e 191
s 3 p=0 I RGUNA N[ 480. 9,643. 71J1 0, 11 24
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ROAG oty o AH B XU 2 BB R 1 R
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Fig. 4 System cost of upper bound sub-model

under different risk coefficients

5 TRFEEELRAARKESH THRSERA
Fig. 5 System cost of lower bound sub-model

under different risk coefficients
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Elevation optimization model of flood control levee
based on ecological resilience of riparian zone under climate change
ZHANG Xiangjie'? , QIAO Changkai'?* , WAN Hang'?,CAI Yanpeng'*, TAN Qian'"*

(1. Guangdong Provincial Key Laboratory of Water Quality Improvement and Ecological Restoration for Watersheds ,
Institute o f Environmental and Ecological Engineering ,Guangdong University of Technology Guangzhou 510006, China;
2. Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou) ,Guangzhou 511458 ,China)
Abstract: The construction of reinforced concrete levees damaged the resilience of the riparian zone to resist flood. It was also
unable to cope with extreme flood disasters that exceeded the planned flood control standards under climate change conditions.
Therefore, the traditional flood control strategy by increasing the elevation of concrete flood-control levee was not the most ef-

fective way to solve the problem of urban flood control safety. It was urgent to establish an elevation optimization model of flood
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control levee considering ecological resilience of riparian zone, so as to provide decision support for the formulation of urban
levee safety optimization scheme in the context of climate change.

Aiming at the uncertainty in the elevation optimization model of flood control levee, an interval mixed-integer stochastic ro-
bust optimization model was established. The model could not only regulate the ecological resilience of riparian zone to resist
flood, but also deal with the uncertainty of parameters in the optimal design of levee elevation. These uncertain parameters in-
cluded the flood peak level in the form of the probability distribution function and the economic cost in the form of interval val-
ue. Besides, considering the dynamic change of riparian ecosystem resilience to flood due to the impact of climate change, binary
variables were introduced into the model to indicate whether the restoration and reconstruction of the ecological riparian zone
were necessary. Moreover, decision-makers could also make a quantitative trade-off between system stability and economy by
setting different risk parameters.

The developed model was applied to three planned areas located on both sides of the urban river. Under the condition of the
different flood peak levels and riparian ecological resilience, the optimal design elevation of the flood control levee was obtained.
The result showed that when the value of the risk parameter was 0. 5, the system cost was [ 4. 872,6. 552 million yuan, Before
ecological reconstruction, the designed elevations of the flood control levees in the three areas were11.8,[13.0,13.8],13.9
meters., respectively. It could be seen that the impact of uncertain factors caused by climate change.on.the second region was
more obvious. Affected by extreme flood disasters, ecological reconstruction was needed in thefirst area to increase the resilience
of the riparian zone against floods when the flood level ranges from medium-high to very-high. Correspondingly, the levee needed
to be raised [ 2. 8,3.5],[3.5,4.0] ,and [ 2. 8,3. 5] meters respectively. The situation.in. the second area seemed to be different.
It only carried out ecological reconstruction at very-high flood level,and after the reconstruction, the flood-control levee in this
area increased [ 3. 0,4. 0] meters. In addition, when the flood level was mediumshigh, and very-high, the flood overflowed the
levee and submerged the third area. Furthermore, when the value of the risk parameter increased from 0 to 1, the system cost in-
creased from [ 4. 809,6. 437 ] million yuan to [ 4. 926,6. 656 ] million yuan. Atthe same time, the stability of the model result
was improved.

It could be seen from the results that when the overall flood control capacity of the region was not enough to resist the in-
trusion of the extreme flood, the model would prioritize thé allocation of excessive flood to subareas where the cost of flood dam-
age was lower. Also,it must be recognized that there was a trade-off between system stability and economy. Therefore, in practi-
cal application, decision-makers should comprehensively. consider the extreme flood risk caused by climate change and the sys-
tem’s resilience to resist extreme floods. Based/onsthis, appropriate risk parameter values should be selected to control the pro-
portionality of the optimization results, so.as t6 obtain a better decision-making scheme. The results of the case showed that the
model could provide decision-makers with 4. reasonable flood control optimization strategy that considered the ecological resili-
ence of riparian zones,and could provide a reference for the study of urban levee safety strategy under climate change.

Key words: ecological resilience; riparian zone; flood levee; uncertainty;op timization model
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The shape of the bed surface and the ripple scale affect the energy dissipation and flow state of the wave bottom boundary
layer, and the ripple scale had a significant effect on the roughness of the bed surface. However, there were some differences in
the calculation methods of the ripple height and the ripple length. The new formula for calculating the shape of the ripple was
more accurate and could better reflect the influence of the ripple scale on the friction coefficient of wave bottom. The new formu-
la is more general in expression form and easy to be applied in engineering. This paper provides an effective basis for analyzing
the shape resistance of bed surface under wave action and also provides a reference for further studying the total resistance of
bed surface and sediment transport.

Key words: sand ripple moving; wave; mobility number; effective roughness; wave friction
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