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Development and Application of Grid-Based Urban Surface Runoff Model
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Abstract

A grid-based urban surface runoff model for simulating the temporal variation and spatial
distribution of overland flow in a drainage area was developed. The process of routing of overland
flow is modeled by the nonlinear storage equation which is composed of the continuity equation and
the Manning's equation. For model operation, the drainage area is divided into grid areas, and
spatially distributed topographical and hydrological information for model inputs is provided. Then
overland flow is routed for each of the discretized cells of the area. In order to test the applicability
of this model, temporal variations and spatial distributions of flow depth and overland flow was
simulated in a fictitious and a real urbanized Kunja drainage area. Results indicate that the model can
simulate reasonably well the urban runoff hydrograph.

keywords : grid-based urban “surface runoff model, overland flow, nonlinear storage equation
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Table 1. Algorithm for grid-based urban surface runoff model

. Dividing drainage area into cells

0O~ O O W=

time step

. Calculation of cell slope on the basis of elevations at the center of each cell

. Calculation of main flow direction on the basis of cell slope

. Inputting hydrological information of manning’s roughness, initial depth, rainfall, etc.

. Assigning location of inlets and inputting hydraulic parameters of inlet

. Calculation of effective rainfall and loss rate

. Calculation of flow depth, runoff at each cell by using nonlinear storage equation

. Runoff routing per cell through water transfer to main directional neighbouring cell at each

9. Obtaining hydrographs of flow depth and runoff at each cell
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"Fig. 1. Grid Structure (grid spacing: 50m)
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Table 2. Comparison of effective rainfall and cumulative surface runoff
cell number ChH Cl1 Ci6 Cc21
number of cumulative cells (EA) 36 24 20 8
cumulative area to cell (m) 50x50x36 50x50%24 50x50%20 50x50x8
cumulative surface runoff (m’) 758.4 506.0 421.8 1689
curnulative surface runoff per area(mm 8.426 8.430 8435 8.443
relative error (%) 0.14 0.07 0.03 0.09
28 BEXERBEHLE
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Fig. 4. Simulated hydrographs for moving storm
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Fig. 5. DEM of Gunja drainage area
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Table 3. model parameters for sensitivity analysis

parameter symbol low level upper level basis value variation
roughness n 0.001 0.070 0.035 +(3.005
initial infiltration capacity Lo 6.4 240 120 +20
terminal infiltration capacity fe 0.1 20 10 +2
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Fig. 15. Spatial distribution of simulated flow depth (elapse time: 5 min.)
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Fig. 17. Spatial distribution of simulated surface runoff (elapse time: 5 min.)
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Fig. 18. Spatial distribution of simulated surface runoff (elapse time: 10 min.)
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Fig. 21. Hydrographs at arbitrary cells (uniform roughness)
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Table 4. Peaks of surface runoff for various rainfall duration time (unit : cms)
Duration Time Huff 1 Huff 2 Huff 3 Huff 4
10 min. 9.94 10.61 10.85 1091
20 min. 14.35 16.37 16.87 16.74
30 min. 16.60 17.47 17.48 18.95
60 min. 12.15 11.88 10.90 13.29
Table 5. Peaks of flow depth for various rainfall duration time (unit : m)
Duration Time Huff 1 Huff 2 Huff 3 Huff 4
10 min. 0.301 0.313 0.317 0.318
20 min. 0.375 0.406 0.413 0.411
30 min. 0.409 0.422 0.421 0.442
60 min. 0.339 0.335 0.318 0.358
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