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Parameter Uncertainty Analysis for Urban Rainfall Runoff Modelling
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Environment Tsinghua University Beijing 100084 China)

Abstract: An urban watershed in Xiamen was selected to perform the parameter uncertainty analysis for urban stormwater runoff
modeling in terms of identification and sensitivity analysis based on storm water management model ( SWMM) using Monte-Carlo
sampling and regionalized sensitivity analysis( RSA) algorithm. Results show that Dstoredmperv DstorePerv and Curve Number
( CN) are the identifiable parameters with larger K-S values in hydrological and hydraulic module and the rank of K-S values in
hydrological and hydraulic module is Dstoredmperv > CN > DstorePerv > N-Perv > conductivity > Con-Mann > N-dmperv. With regards
to water quality module the parameters in exponent washoff model including Coefficient and Exponent and the Max. Buildup parameter
of saturation buildup model in three land cover types are the identifiable parameters with the larger K-S values. In comparison the K-
S value of rate constant in three landuse/cover types is smaller than that of Max. Buildup Coefficient and Exponent.

Key words: parameter identifiability; storm water management model( SWMM) ; regionalized sensitivity analysis ( RSA) ; uncertainty

analysis; urban rainfall runoff
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" RSA
2 RSA
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CATR ; RSA
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" RSA
; Sun  ° 37%
RSA
2 3.26 km’
. RSA . 2.13 km’ 0. 65
N km’ 0. 48 km’ 65% ~ 20% ~ 15%
o 35%.
RSA .
18-21 Hach ( SIGMA910)
24
2008 ~2009 3
( stormwater management model SWMM) * 1
1
Table 1 ~ Characteristics of rainfall events monitored in this study
/min /mm /m® /mm*min ~! /d /
2008-05-05 T09:27 ~14:13 286 9.37 77. 62 0.033 11 27
2009-03-13 T18:55 ~20:45 110 12 109. 71 0. 109 3 12
2009-03-27 T19:22 ~20:47 85 2.46 4.78 0. 029 4 12
1.2 3 N
+ GIS SWMM
17 N 2 3
SWMM N
2 SWMM N
Table 2 Major parameters with respect to SWMM hydrology and hydraulic module
1 Area /km? 0.0320 ~0.766 4 GIS
2 Width /m 9.0~76 GIS
3 Slope /% 0.3220~0.9329 GIS
4 Imperv 1% 13 ~98
5 N-dmperv 0. 005 ~0. 05
6 N-Perv 0.05 ~0.50
7 Dstore-dmperv /mm 0~3
8 Dstore-Perv /mm 2.54 ~6
9 Zero-dmperv 1% 5.0~20
10 Curve Number 39 ~98
11 Conductivity /mmeh ! 0 ~60
12 Con-Length /m 12.23 ~48.83 GIS
13 Con-Mann 0.011 ~0.024
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3 SWMM N

Table 3 Major parameters with respect to SWMM water quality ( SS) module

1 BLI Max. Buildup /kgehm 2 0 ~100
2 BI2 Rate Constant /d! 0.2~2
3 BL3 Rate /Sat. Constant 0~20
4 WLI Coefficient 0~0.02
5 WIL2 Exponent 0~2
6 BRd1 Max. Buildup /kgehm > 0 ~100
7 BRd2 Rate Constant /d~! 0.2~2
8 BRd3 Rate /Sat. Constant 0~20
9 WRd1 Coefficient 0~0.02
10 WRd2 Exponent 0-~2
11 BRfl Max. Buildup /kg=hm > 0 ~100
12 BRf2 Rate Constant /d! 0.2~2
13 BRf3 Rate /Sat. Constant 0~20
14 WRI1 Coefficient 0~0.02
15 WRf2 Exponent 0~2
2
SCS
( SS) Kolmogorov-Smimov( K-S)
. K-S 2
1' 3 mn
1.3.1 RSA .
RSA HSY ( Homberge-Spear-Young)
dm n 2 n m
RSA Fll F/H
RSA
25 d
RSA B L@ .
1.3.3
o) RSA
2
( Monte Carlo sampling MCS)
;@ (latin hypercube sampling LHS) .
@ 2 ,® ©® @ MCS
1.3.2
RSA

MCS

1.3.4
RSA ADE
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(1) 4 K
X. - X Table 4 Comparison of observed and simulated values
ADE 0 s (1)
%o 3 3..-1 SS/k
3 . SS/kg
XO Xs ADE /m /m’ s
78.49 0.028 6 1.72
2008-05-05 77.62 0.0287 1.568
ADE <20% 1% 1.12 0.25 9.72
ADE <25%. 128.05 0.0526 —
20096343 109.71 0.049 7 —
2 1% 16.7 -5.88 —
5 3 2.83 0.001 0.032
20090327 4.78 0.001 4 0.0344
1 3 1% 40. 84 30.4 6.94
4. 1) —
2.1 RSA SWMM
2008-05-05. 2009-03-13. 2009-03— 7
27 3 Monte-Carlo 50 000 3
RSA SWMM ADE 20%
20 1. 1 1 871 “« »
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Fig. 1

Posterior probability distribution for parameters with hydrologic and hydraulic module
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Curve Number 3
Dstore— DstorePerv ~ Curve Number
Imperv 1.8 ~2.25 DstorePerv
3.9~5.9 Curve Number 39 K-S 7
~69 5 7
5 Dstore—
Imperv. Curve Number.DstorePerv 3 K-
Dstoredmperv. DstorePerv S 3 N-imperv.Con-Mann K-S
Curve Number 3
5 SWMM
Table 5 Regional sensitivity values and their orders for
parameters in hydrological and hydraulic module
18 21 27 ( y  fsa
Dstoredmperv N-dmperv 0.05 7
7 DstorePerv Curve N-pery 0.036 4
Dstoredmperv/mm 1.8~2.25 0. 647 1
Number Dstore-Perv/mm 3.9~5.9 0.126 3
3 K-S Con-Mann 0.014 6
20 Curve Number 39 ~69 0.484 2
Conductivity 0. 021 5
N-dmperv
Dstoredmperv ~ DstorePerv 2.1.2
2 6.
6 3
Table 6 Results of preliminary recognition of hydrological and hydraulic parameters
1 Area 0.0320 ~0.766 4 GIS
2 Width 9.0 ~76 GIS
3 % Slope 0.3220~0.9329 GIS
4 % Imperv 13 ~98
5 N-dmperv 0.005 ~0.05 0.014 ~0.05 RSA
6 N-Perv 0.05 ~0.50 0.05 ~0.50 RSA
7 Dstore-dmpery 0-~3 1.8 ~2.25 RSA
8 Dstore-Perv 2.54 ~6 3.9~5.9 RSA
9 % Zero-Imperv 5.0~20
10 Curve Number 39 ~98 39 ~69 RSA
11 Conductivity 0 ~60 0 ~60 RSA
12 Con-Length 12.23 ~48.83 GIS
13 Con-Mann 0.011 ~0.024 0.011 ~0.024 RSA
6 3 2
2.1.3
Curve Number Conductivity 3
Curve Number
Curve Number MCS 50 000
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Table 7 Comparison of simulated flows before and after parameters identification
1%

. 3.74 77.21 201. 14 113.39 24.78
" 48.5 82.58 126. 87 90. 43 6. 68

2008-05-05
3.74 0.00 1.21 0.27 0.25
48.5 0.00 0.40 0.05 0.05
. 3.74 107. 19 280. 98 165.33 36.51
" 48.5 115.50 189. 88 129.98 13.25

2009-03-13
3.74 0.00 1.35 0.39 0.30
48.5 0.00 0.59 0.09 0.11
. 3.74 3.15 27.77 11.59 7.60
" 48.5 3.26 7.67 4.86 1.08

2009-03-27
3.74 0.01 4.65 1.54 1.38
48.5 0.01 0.61 0.19 0.12

2.2 RSA SWMM Imperv . DstorePerv . Curve Number

Dstore—



2231

. SS

2.75%.

SS 15

<25%

1373

WLI.

WL2.BRd1.WRdl. WRd2.BRfl.BRf3,WRfl.WRf2

Max. Buildup. Rate Constant. Rate/Sat. Constant. 50 000
Coefficient~Exponent 5
2.2.1 “ 7
2008-05-05  2009-03-13
SS
MCS RSA 3 9
15 (
C O Hik —— 17ABMN  —— RGaH
0.08 1.0
0.09 — 1.0
0.06 | 10 B .--"Irr.J {os
dogw 006f
Zoof = -4 os &
S N : B
MR sl 04 5
0.02 |-
—0.2 ” 0.2
L'd
0 0 0 0
0 20 40 60 80 100 0 20 40 60 80 100
BLI_T BRdl_T

0.08

0.06 - 1
% 0.04 |- '
= - 0.
0.02 - |
0

02 04
BL2T
0.08

0.6 08 1.0

0.06 |- 1
0.6 %
§U.U4
= 045
0.02 H )
0
0 2 4 6 &8 10

BL3.T
0.10 — = 1.
0.08 F [ P —/ Ho.

1~
0.06 ;’/ i

% 7

: ]

T .04 ;c
0.02 '

Iy
o
0
0.004 0.008 0.012
WL1 T
0.08 — 1.0
1T -
006 L ;ﬁ 0.8
A
) % 0.6
§ 0.04 |- LA ﬂ"
i 0.4
I
0.02 |-
0.2
0 0
0 04 08 12 16 20
WL2 C

0.005 0.010 0.015
WRd1 T
0.09 1.0
B / J0.8
0.06 |-
o A {06 g
B { [0, &
0.03 | R
{02
0 0
0 04 08 12 16 20
WRd2_ T
6 SS

6) .
0.09 - 1.0
{08
0.06 | = "
—40.6 =
% i _ =
1 104 E
0.03 - " B
{02
0 0
0 20 40 60 80 100
BRfl T
0.08 = 1.0
0.06 1 ; . H0.8
" o o6
2 0.04 |- )
=B B
4104 3%
|1
02 b
0.0 1oa
0 0
0.2 04 06 08 1.0
BR2 T
0.08 1.0
0.06 |- 108
#
; 106 =
%004 | §
h 0.4 3¢
0.02 Jo2
0
0.12
0.08
%
=
0.04
0
0.004 0008 0.012
WRdA1 T
0.09 = 1.0
11 A E/g 0.8
0.06 |-
. Fq Ho6 &
% b £
g L] B
Ft - 0.4 B
0.03 [
0.2
0 0
0 04 08 12 16 20
WRR2 T

Fig. 6 Posterior probability distribution for parameters in water quality module with respect to SS



2232

33

6

SS WLIL.WIL2, K-S 15

BRd1.WRd1. WRd2.BRfl.BRf3.WRf1.WR2 9

6

SS

WL1. WL2. BRd1. WRdl. WRd2. Coefficient K-S

15
Rate Constant K-S
Buildup. Coefficient ~ Exponent

BRfl.BRf3.WR{l.WRf2 9

2

Max. Buildup

Bl ims!

0.05

0.04 -

0.03

0.02

SR me !

0.01

0.004 0
0.003 5
0.0030
00025
0.0020
00015
0.0010
0.000 5

0

K-S

2

Max.

K-S

SS  Max. Buildup

6
3 SS
SS
2
27 7 SS
Fig. 7 Regional sensitivity values of SS parameters
2.2.2
WL1
8.
8 N-dmperv.
Desdmperv. Des—Perv RSA
SWMM 2
SS
- 10:58 11:13 11:28 11:43 11:58 12:13 12:28 12:43 12:58 13:13 13:28 13:43 13:58 14:13 3
UI_IHUUI_IUI_H_IH% T |_||—||—| |_| O = T U T T 1oa
4 0.4
106
600 - - HERSSORAME) 408
~ —— RSSO KA (a) 2008-05-05 ||
]
= & 4SS 412
2400 | T 114 £
imn T 4 1.6
@A — Bl 118 =
i 420 %
200 422
424
26
2.8
NPT LY i Yreri-iaiul 30
10:58 11:13 11:28 11:43 11:58 12:13 12:28 12:43 12:58 13:13 13:228 13:43 13:58 1413
19:22 19:27 19:3219:37 19:42 19:47 19:52 19:57 20:02 20:07 20:12 20:17 20:22 20:27 20:32 20:37 20:42 20:47
100 = T 1] [ T T T 1 T 17 o7 T 7"
3 ]
(b) 2009-0327 04

19:22 19:27 19:32 19:37 19:42 19:47 19:52 19:57 20:02 20:07 20:12 20:17 20:22 20:27 20:32 20:37 20:42 20:47
H f] (o'clock)

8 2 SS

Fig. 8 Simulation of SS for two rainfall events




2233

2.2.3

1.5%
7.6%
10.

30

SS

MCS 50 000

COD
8. 1% SS 2.75%

0 - z seitfie il
0 5000 10 000

e b

15000 20000
2501 4 i B B SRR R

Fig. 9 Comparison of 2008-05-05 SS simulation results before and after identification

8 SWMM
Table 8 Results of preliminary recognition of water quality parameter
SS
1 BLI1 1~75
2 BL2
3 BL3 1.5~10
4 WL1 0.001 ~0.012
5 W12 0.7~2
6 BRd1 1 ~70
7 BRd2
8 BRd3 0.5~10
9 WRdl 0. 001 ~0. 009
10 WRd2 0.6~2
11 BRf1 1~75
12 BRf2
13 BRf3 2~10
14 WRIf1 0. 001 ~0. 008
15 WRf2 0.5~1.7
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