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Parameter Uncertainty Analysis for Urban Rainfall Runoff Modelling

HUANG Jin-liang' , LIN Jie’, DU Peng-fei’

(1. Fujian Provincial Key Laboratory of Coastal Ecology and Environmental Studies, Xiamen University, Xiamen 361005, China;
2. Third Institute of Oceanography, State Oceanic Administration People’s Republic of China, Xiamen 361005, China; 3. School of
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 Dstore-Imperv, Dstore-Perv 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 Dstore-Imperv > CN > Dstore-Perv > N-Perv > conductivity > Con-Mann > N-Imperv. 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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Table 1 ~ Characteristics of rainfall events monitored in this study

Ve F il & 9 L7 Fsf R R fE B B4 TR 8 R T B FE AL
* /min /mm /m’ /mm-min " /d /A
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 BRI S 2RO

AR B S TR AR R A A A O )
G108 17 ALK, I S R A 2 R A SO
SWMM A5 71 7K 3T 7K g FK AR B 56 2 80 B

EHrk A 3 Moy g AR &
FHOCSCHER A A . GIS I & 2 5. A5 SWMM
S B FL OB Y B Oy Tk an SR 2 RN 3R 3
FiR.

F2 SWMM B KK AERTESH K HBEEE BUET %
Table 2 Major parameters with respect to SWMM hydrology and hydraulic module

SRS SRR YIEE X R SHORE %
1 Area LK SIETHI AR km® 0.0320 ~0.766 4 GIS Hudii e
2 Width /K B TT R 1M 18 I 96 BE/m 9.0 ~76 GIS ¥k e
3 Slope KT/ % 0.3220~0.9329 GIS ¥
4 Imperv LK HITAR BRI, % 13 ~98 P AT
5 N-Imperv KBTI BEK X 2 TR R 0. 005 ~0. 05 R s SCHR
6 N-Perv LK BT K X 8 TR 0.05 ~0.50 REHRITEIF, SCEk
7 Dstore-Imperv LK B TEAN K X I K R B/ mm 0~3 IERNES , SCHik
8 Dstore-Perv K BTG5 K X KR B/ mm 2.54 ~6 RS , SCHik
9 Zero-Imperv /K BT TC A HE A 37 K X T o5 o He/ % 5.0 ~20 SCiik
10 Curve Number Hi £ AR 39 ~98 SCHR AR TR T
11 Conductivity LR 25/ mm-h ! 0 ~60 SCHR AR T4
12 Con-Length BHEKE/m 12.23 ~48. 83 GIS % g
13 Con-Mann il 2 TR 0.011 ~0. 024 ROHELF I}, SCiik
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Table 3 Major parameters with respect to SWMM water quality (SS) module
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1 BLI 24, Max. Buildup bR I K] BRTE Qe it kg hm 2 0~100 R, Sk
2 BI2 Rate Constant BB/ 0.2~2 REAS T, SCHR
3 BL3 Rate/Sat. Constant e 0~20 TR T, Sk
4 WL1 Coefficient BIEUDTEN 3 0~0.02 RS T, Sk
5 w12 Exponent b ZRAR T R 4L 0-~2 TR S S EN
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11 BRIl I=4) Max. Buildup i fie K] BRI et/ kg - hm 2 0 ~100 BT T, Sk
12 BRR2 Rate Constant R B/ 0.2~2 RS T, SR
13 BRf3 Rate/Sat. Constant H R 0 ~20 TR I, SRk
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Fig. 1

Posterior probability distribution for parameters with hydrologic and hydraulic module
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Table 5 Regional sensitivity values and their orders for

parameters in hydrological and hydraulic module

S DI ) WA MR H
N-Imperv SEp i 0.05 7
N-Perv B2y 0. 036 4
Dstore-Imperv/mm 1.8 ~2.25 0. 647 1
Dstore-Perv/mm 3.9~5.9 0. 126 3
Con-Mann Y5155 A 0.014 6
Curve Number 39 ~69 0.484 2
Conductivity Y5155 A 0.021 5
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Table 6  Results of preliminary recognition of hydrological and hydraulic parameters

SRS E2ICA SHUBEE FIESHUE SRR T
1 Area 0.032 0 ~0. 766 4 23 8] 3 A FFAIE GIS i
2 Width 9.0~76 23 8] 3 A FFAIE GIS i 2
3 % Slope 0.3220~0.9329 23 ] 43 A AR GIS i 7
4 % Imperv 13 ~98 23 6] 43 AR WAL
5 N-Imperv 0. 005 ~0. 05 0.014 ~0. 05 RSA Fik
6 N-Perv 0.05 ~0. 50 0.05 ~0. 50 RSA Fik
7 Dstore-Imperv 0~3 1.8 ~2.25 RSA 7k
8 Dstore-Pery 2.54~6 3.9~5.9 RSA J7ik
9 % Zero-Imperv 5.0~20 23 (8] 3 A FFAIE SCHR
10 Curve Number 39 ~98 39 ~69 RSA J7ik
11 Conductivity 0 ~60 0 ~60 RSA J7ik
12 Con-Length 12.23 ~48.83 23 [8) 43 A AFAE GIS $iis 2
13 Con-Mann 0.011 ~0. 024 0.011 ~0. 024 RSA Fik
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Fig. 3 Simulation results of total runoff before and after identification of rainfall event 2008-05-05
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Table 7 Comparison of simulated flows before and after parameters identification
[ R T ZH Y252/ % e/ ME ISON[E] ¥IfE brifi2E
s SRR IUA 3.74 77.21 201. 14 113.39 24.78
BAERE/m .
AU S 48.5 82.58 126. 87 90. 43 6. 68
2008-05-05
B2 SRR IUA 3.74 0.00 1.21 0.27 0.25
WA S 48.5 0.00 0. 40 0.05 0.05
P Jr R A 3.74 107.19 280. 98 165.33 36. 51
B E/m . e
W EUE S 48.5 115.50 189. 88 129.98 13.25
2009-03-13
B SRR IUA 3.74 0.00 1.35 0.39 0.30
TR IUE S 48.5 0.00 0.59 0. 09 0.11
e, 3 JEIREUE 3.74 3.15 27.77 11.59 7. 60
BARRE/m . -
WA S 48.5 3.26 7.67 4.86 1.08
2009-03-27 [
i Jii 3.74 0.01 4.65 1.54 1.38
LENY PR e
AL S 48.5 0.01 0.61 0.19 0.12
2.2 F:T RSA 9 SWMM 7K JFidi S 2 5 H 5 Imperv ,Dstore-Perv ,Curve Number X3 NSRS K EBUE

IKEZRTRGPEA K SOK ISR IMBAIER)  JEREVE BRI S EGE R, K5 de ) R s S s
FEll b AT B R K SOK RS i 2RI Dstore-  IIREIUA B9K SCOK 7 BIRERL, JEAT 3 il 3t 1) 2 70



7 ¥

TR RAF TR R AR R AU A S RO S P 2231

M) Max. Buildup , Rate Constant, Rate/Sat. Constant
Coefficient . Exponent 5 283 15 N2EFTZMIIRT).
2.2.1 KRBTSO U A DXl R RS 3 By
AHFFEHEI 2008-05-05 F1 2009-03-13 B I X
SS KBRS HGHA TR
K FH MCS BfEALRARFI RSA kXt 3 B4 1Y

50 000K R . BB 5 S B AW 25 < 25% 15
B R AT HEZ B SS IIBEHL R FEIZ 51111 373
AT SEE , P32 R 2. 75% .
XFFIK S HSS 19 15 DMK B S WL,
WI2 BRdl \WRdl . WRd2 .BRfl .BRf3 ,WRfl , WRf2
I 9 ANSE N PE R AT, 1 41 ] AR 3% 1 [ AN

N . Pt S o . P 73
15 MSHGHATIRG. ESBORE X RN 53T BRI k(K 6).
C % —— TAZEST  —— i
0.08 1.0 0.00
0.09
0.06 |- 08
Hoe 3 006
% o004 | % % . 0.06
Ho4 5 = =
0.03 0.03
0.02 |- 1o
0 0 0 0
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
BLI_T BRdl_T 0.08 BRfl_T
0.08 . 9 1.0
0.08
710 B A
408
0.06 - 08 0.06 0.06 |- ‘F
3 1 406 3
- 0.6 :
3% 0.04 L B 004 ﬁn_m L g
404 g‘é = 104 5
5
] 2
0.02 o 0.02 0.02 1o
0 0 0 0 0
02 04 06 08 1.0 02 04 06 08 10
BL2.T BRf2_T
0.08 1.0 0.08 0.08 1.0
0.06 - 0.8 0.06 0.06 |- 0.8 »
s :
0.6 —0.6
3 0.04 B® 004 ﬁ 0.04 |- %
K Jo4ER 0.4 3¢
45 :
0.02 - doo 0.02 0.02 | Jo2
0 0 0 0 0
0 2 4 6 8 10 0 3 6 9
0.10 BL3.T L0 0.15 BRd3 T o 0.12 BRf3 T o
0.08 F | M —/ 40.8 {08 — 408
14 0.10 H 0.08 H
0.06 ﬁ/ 0.6 5% 106 3% H0.6 %
3 % B % K X o1 =
T on };‘ 0.4 § ® 404 % * o —04 %«
0.05 H = 0.04 H o1 // B
0.02 9 0.2 {0.2 11 0.2
'_/ -: o
0 0 0 ] 0 ]
0.004 0008 0012 0.005 0.010 0.015 0.004  0.008 0.012
WLI_T WRd1_T WRdI_T
0.08 — 1.0 0.09 / L0 0.09 = 1.0
0.06 |- T /;;ﬁ 198 M p los —_; Jos
H i 0.06 |-
7 063 006 /;ﬂ Loe ’! los ¥
B 0.04 |- // i = 3 B 3 /’ B
- N E 5 d g K e &
o1 0.4 5¢ 0.4 3¢ . - 0.4 =
I 0.03 |- 0.03 |-
0.02 - i
0.2 0.2 0.2
0 0 [ lm 0 0 0
04 08 12 16 2.0 0 04 08 12 16 2.0 0 04 08 12 16 2.0
WL2_C WRdA2_T WRI2_T

Bl 6 SSKEELIHIMERE

Fig. 6 Posterior probability distribution for parameters in water quality module with respect to SS
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Table 8 Results of preliminary recognition of water quality parameter

ST SRS SS FE SHE
1 BLI 1~75
2 BL2 Has ) oy A FeAiE
3 BL3 1.5~10
4 WLL 0.001 ~0.012
5 w2 0.7 ~2
6 BRdl 1 ~70
7 BRd2 B3 () 4 A FRAE
8 BRd3 0.5 ~10
9 WRdl 0.001 ~0. 009
10 WRd2 0.6 ~2
11 BRfl 1~75
12 BRf2 Haza) oy fa FefiE
13 BRf3 2~10
14 WRfL 0.001 ~0. 008
15 WRR2 0.5~1.7
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