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Optimization method for sponge city construction based on capacity trading and multi-scale mesh division
LIU Ankang XU Qing ZHU Wenjin ZHANG Yang KUANG Lijie HUANG Delong XIE Qinghai YAN Jiakun
( School of Civil and Ocean Engineering Jiangsu Ocean University Lianyungang 222005 Jiangsu China)

Abstract  Objective To address the issues of high construction costs and low resource allocation efficiency in the application of
Low Impact Development ( LID) facilities in sponge city construction ~ Methods an optimization strategy based on capacity
trading and multi-scale mesh division is proposed. The study area was divided into meshes at scales of 100m 200m 500m and

1 000 m. The Sequential Least Squares Quadratic Programming ( SLSQP) optimization algorithm and capacity trading mechanism
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were integrated to simulate the runoff “transfer” potential between different units and allocate LID facilities as required.

Results The result showed that as the trading scale increased the runoff reduction effect gradually strengthened. Compared to
the 100 m trading scale when the runoff coefficient control target was met the required LID facility construction areas for the 200
m 500m and 1000 m trading scales were reduced by 28. 48 hm®> 87.33 hm® and 138. 16 hm’ respectively. When the runoff
control rate was set as a constraint the required LID facility construction areas for the 200 m 500 m and 1 000 m trading scales
were reduced by 24. 74 hm> 117.32 hm® and 192. 18 hm®> respectively. Conclusion Comprehensive analysis shows that as
the trading scale increases the required construction area for LID facilities gradually decreases. However when the trading scale
becomes excessively large the rate of benefit improvement begins to level off. The 500 m trading scale is considered the optimal
scale for the study area as it effectively integrates runoff reduction potential across regions reduces construction costs and
avoids the diminishing returns associated with excessive large scales. In practical applications the trading scales should be
flexibly selected based on the topography climate and functional needs of the specific area to achieve optimal resource allocation
and runoff reduction effects. The proposed approach provides a refined and highly coordinated pathway for sponge city
construction.

Keywords: mesh division; sponge capacity trading, spatial scale; sponge city; green infrastructure; runoff reduction
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Table 1  Comparison of advantages and disadvantages of different division methods for catchment area
1.
2.
3.
Thiess 1. I
11essen 2. 2.
1. 1.
2. 2.
1.
1.
) 2.
2 4
Table 2 Empirical values of urban composite runoff coefficients Table 4 Model parameters
1%
( Ndmperv) 0.010 0. 025
>70 0.6~0.8
( N-Perv) 0.25 0.25
50~70 0.5~0.7
D-mperv 2. 2.
30~50 0.4~0.6 ( Ddmperv) /mm 5 5
<30 0.3~0.5 ( D-Perv) /mm 7.0 7.0
Jmm * h™! 90 90
3 /mm * h™! 4 4
Table 3 Runoff coefficients under different return periods /b 4.0 1.7
/d 7 7
2a 3a Sa 10 a
( Roughness) 0.012 0.012
CT-00 0.735 0.755 0.775 0.798
CT-200 0.714 0.733 0.753 0.776 1.2.4
CT-500 0. 668 0. 686 0.706 0.730 o
CT-1 000 0.612 0. 629 0. 650 0.674 ps 0.49
LID °
4 °
4
Fig. 4 Conceptual model of capacity trading
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Table 5 Area of each runoff coefficient range under
different trading scales hm’
CT-00 CT-200 CT-500 | CT-1000
0~0.490( ) 70. 36 52.47 24.99 0. 00
0.491~0. 600( ) 74. 14 63.85 97.16  |300.55
0. 601 ~0. 700( ) 140. 90 240. 26 790. 76 967. 46
0.701~0. 800( ) 590.76 877.35 355.10 0. 00
0. 801 ~0. 900( ) 391. 85 34.08 0. 00 0. 00
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Fig. 5 Distribution of runoff coefficients in the study area
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6 10° m*

Table 6  Surplus volumes under different construction proportions 10° m’
0 3% 6% 9% 12% 15% 18% 21% 24% 27%
CT-100 98 -9.73 -7.52 -5.37 -3.28 -1.23 0.76 2.71 4. 60 6.43 8.22
CT-200 25 -8.59 -6.31 -4.09 -1.93 0.17 2.21 4.18 6.07 7.91 9.67
CT-500 4 -6.18 -3.71 -1.31 0.98 3.22 5.39 7.49 9.50 11.45 13.33
CT-1000 1 -3.23 -0.79 1.58 3.89 6.13 8.30 10. 41 12.39 14. 36 16. 21

8
Fig. 8 Surplus variations in typical areas
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Fig. 10 Required construction proportions at different trading scales
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Fig. 11  lterative optimization analysis of runoff control rates and total construction areas at different trading scales
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7 %
Table 7 Runoff control rates under different return periods %
2a 3a Sa 10 a
CT-00 70. 04 66. 60 63.02 59.17
CT-=200 69. 59 66. 83 63.83 60. 41
CT-500 69.95 67.65 65. 05 62. 04
CT-1000 69.97 68. 01 65. 80 63.21
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