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A Study for an Automatic Calibration of Urban Runoff Model by the SCE-UA
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Abstract

SWMM (Storm Water Management Model) has been widely used in the world as a typical model for
flood runoff analysis of urban areas. However, the calibration of the model is difficult, which is an obstacle
to easy application. The purpose of the study is to develop an automatic calibration module of the SWMM
linked with SCE-UA (Shuffled Complex Evolution-University of Arizona) algorithm. Generally, various
objective functions may produce different optimization results for an optimization problem. Thus, five
single objective functions were applied and the most appropriate one was selected. In addition to the
objective function, another objective function was used to reduce peak flow error in flood simulation. They
form a multiple objective function, and the optimization problem was solved by determination of Pareto
optima. The automatic calibration module was applied to the flood simulation on the catchment of the Guro
1 detention reservoir and pump station. The automatic calibration results by the multiple objective function
were more excellent than the results by the single objective function for model assessment criteria including
error of peak flow and ratio of volume between observed and calculated flow. Also, the verification results
of the model calibrated by the multiple objective function were reliable. The program could be used in

various flood runoff analysis in urban areas.
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Fig. 1. The Schematic Diagram for a Connection between the SWMM and the SCE-UA

#5454 H19% 20124F 1]



3} 284, Duan et al. (1994)2] 9+ Ax= Fast
A1l A= 270, AgA W] He] 7= 2n+l
AABIATE o714 ne FAH U dizE S A4
JA 318t dargse] A 21249
[e)

Fig. 1& g 4 ik

22 SHEre 741 REo YIKE
22.1 B SNl FHI 2¥o| WIIK|E

255} Al BAgel ket 1 A3} golaal 1}
1 =

Bhe 5= Gtk ol 7ekete] AW ATEeIA wAus
A FAol HEF BAPFES AAste] A gakel,
Anke Wasge. AN AEF BAPRE Sefe

and Boughton (1982), 7441 5 (2004), ©1Z5Hl 5 (2004)
o A ARE-gk ThAl 71| o]t} (Table 1).

AT o] 9 2ol whet ALk Ak AHAS
AE3] feiA= 37 A 327F dasith o) fl8
Toll A= NSE (Nash-Sutcliffe Efficiency), *+#x2}2]
H| 8- (percent bias; PBIAS), 2x]& 34 & (propor-
tional error of estimate; PEE), A& W] (ratio of volume;
ROV), B A H24}2] Al# (root mean square error;
RMSE), A%< xfol& AES T (Table 2).

Table 1 and 2914 q,°® 8} q," = #= 2 =o9
g AALD, N AAL 72 M, dpean ™ fr
o] FFkE 9wt

18

Table 1. Objective Functions Used in the Study

Objective Equation of Objective
Function Type Function
] N a obs _ q sim
Type-1 Min Y] ‘tiw
t=1 G
N .
TyD672 Min E ‘qt obs __ q 51m|
t=1
Type-3
N 2
Type—4 Min E ( q, obs _ q mn)
t=1
3 bs Sim )2
Type_5 . t; (qt —q; )
Min N

Table 2. Criteria for Model Assessment

L. . Optimal
Criteria Equation
. Value
N
obs __ sim) 2
Nash-Sutcliffe 2 @®=a
Eff. . 1 - N— 1
1c1ency Z ( qtnbs_ e obs)Z
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N X .
Z (qtob57 qtblm)
Percent Bias | —————x 100 (%) 0
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Proportional N —
Error of \/ M [ 4 — ) 0
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———
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Table 3. Dimensions of Pondage in the Guro 1 Detention Reservoir and Pump Station

Criteria Elevation (El. m) Surface Area (m?) Storage Capacity (m®)
Low Water Level 6.05 - 0
High Water Level 8.50 13,261 29,100

& Low water level (Ho)

H,—H
V= (A1+A2)><('422)

(a) End Area Formula

High water level (H1)

14,000

4 A=1,129.387755 h + 3661.204082

2)
]
£
g

|

12,000 —

Water surface area (m

11,000 —

10,000 T T

I I
7 75

Stage (El. m)

(b) Stage-Area Curve

6 6.5

Fig. 4. A Estimation of Stage—Area Curve by the End Area Formula

Table 4. Major Parameters of Subcatchments and Channels

Subcatchment Channel
Name Area | Slope | Impervious |Characteristic Name Channel Width | Height | Length Slope
(ha) | (%) | Area (%) | Width (m) Type m | m | m b
BO1 0.66 0.86 74.78 270.53 C01 Closed 45 1.2 29.92 | 0.0027
Rectangular
""" (Omitted) +++++ (Omitted)
B | 0.16 | 0.10 71.30 16.03 cgo | Closed 5.4 15 | 12471 | 0.0038
Rectangular
B81 0.33 0.36 73.03 129.68 C81 Circular 0.8 (Diameter) 31.21 | 0.0035
""" (Omitted) «++++ (Omitted)
B147 0.09 1.04 70.43 10.46 C147 Closed 21.6 2.4 172.88 0
Rectangular
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Type-4olA A7/ FE5204 ] 718 #Zgkoll ZA} 2 Flof| 713l Ao® AdEn gty or mEE
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Table 5. Assessment Results for the Models Calibrated by the Single Objective Functions
o Objective PBIAS RMSE Error of Peak
Clessiiiesii Function Type 1D (%) PEE ROV (m?/s) Flow (m®/s)
Before Automatic - 0779 | -9404 | 3287 1.095 1.667 2,603
Calibration
Type-1 0.895 9.678 2.941 0.903 1.147 0.273
Type-2 0.903 9.522 2.997 0.905 1.104 0.583
After Automatic Type-3 0873 | 8472 | 2863 0915 1.266 0.342
Calibration
Type—4 0.896 2.205 3.501 0.978 1.147 0.220
Type-5 0.906 9.465 3.091 0.905 1.089 0.405
Shade: The Best Objective Function by the Criteria
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Fig. 5. Estimation of Pareto Optimum for the Multiple Objective Function
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Table 6. Assessment Results for the Pareto Optimum Determined by the Muliiple Objective Function
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Objective Function Value
gee T T o [ | || e | v |
Py (Va® = Vo™ | lap® = au™| | (f1F £2)
@ 4.7610 0.187 4.9480 0.895 2.128 3.048 0.979 1.150
@ 4.7645 0.054 4.8185 0.893 1.551 3.056 0.984 1.159
©) 4.7654 0.021 4.7864 0.893 1.436 3.057 0.986 1.161
@ 4.7703 0.002 4.7723 0.893 1.436 3.056 0.986 1.159
® 4.7739 0.001 4.7749 0.894 1.548 3.052 0.985 1.157
® 4.7743 0 4.7743 0.894 1.615 3.051 0.984 1.156
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Table 7. Parameters Estimated by Pareto Optimum

Pareto Optimum Initial | Lower | Upper
Parameters Reference
D ® ® @ ® ® Value | Bound | Bound
Percent of Impervious Area (%) | 0.986 | 0.989 | 0.988 | 0.990 | 0.989 | 0.989 1.0 0.8 1.2
Characteristic Width of th Arbitrary
aracteristic 1 O e
Overtand Flow Path () 0.921 | 0935 | 1.048 | 0.992 | 0.952 | 0.965 | 1.0 08 12
Manning’s n of Impervious Area | 0.013 | 0.014 | 0.013 | 0.014 | 0.013 | 0013 | 0012 | 0010 | 0014 | Crawlord and
Linsley (1966);
Manning’s 1 of Pervious Area | 0207 | 0313 | 0325 | 0313 | 0208 [ 0304 | 020 | 015 | 04 | Freman (1986)
James et al. (2005)
Depth of Depression Storage on- |, 50q | 5 ga4 | 1839 | 2,101 | 1.998 | 2016 | 2.0 16 38
Impervious Area (mm)
Deoth of D — James et al. (2005)
CPEh O WICDTEsSIon StOrage On | 510 | 4554 | 4953 | 4502 | 4.654 | 4610 | 4.0 38 6.4
Pervious Area (mm)
Percent of the Tmpervious Area | ,q o | o0 ag | 91 35 | 96,06 | 2758 | 2627 | 20 10 30 Arbit
with no Depression Storage (%) ’ ’ 9 ’ ' ' rbitrary
Suction Head (mm) 8855 | 77.75 | 81.03 | 7485 | 75.37 | 7596 | 80 | 60.96 | 109.98
Soil Saturated Hydraulic Rawls et al. (1983);
Conduetivity (rmm/hr) 20.22 | 2054 | 2886 | 2065 | 2039 | 2041 | 20 | 1092 | 2097 | TPTC S
Initial Moisture Deficit of Soil | 0.367 | 0.369 | 0.356 | 0.372 | 0.365 | 0.363 | 0.20 0 0.39
Manning’s Roughness Coefficient | 0.015 | 0.015 | 0.015 | 0.015 | 0.015 | 0.015 | 0.015 | 0.012 | 0.023 Chow (1959)

Table 8. A Comparison of Results between the Single and Multiple Objective Functions

.. . PBIAS RMSE Error of Peak
Objective Function NSE (%) PEE ROV (m*/s) Flow (m®/s)
Single Objective Function | ) o0 2.205 3501 0.978 1.147 0.22
(Type-4)
Multiple Objective Function
(Pareto Optimum @) 0.893 1.436 3.056 0.986 1.159 0.002
Improvement Rate (%) -0.3 349 12.7 0.8 -1.0 99.1
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