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Parameter Identification and Validation of SWMM in Simulation of Impervious

Urban Land Surface Runoff

DONG Xin, DU Peng-fei, LI Zhi-yi, WANG Hao-chang
(Department of Environmental Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The purpose of this paper is the application of storm water management model (SWMM) in simulating runoff hydrology and water
quality. The study chose a roof as the typical impervious urban land surface, and monitored several rainfall-runoff events for parameter
identification. We identified and validated hydrological and water quality parameters, using Monte Carlo sampling method and HSY algorithm,
which are based on uncertainty analysis. Results show that impervious urban land surface runoff model includes 6 critical parameters, which are
depression storage(S-imperv) , Manning’s n (N-imperv) , maximum buildup possible (max buildup) , buildup rate constant (rate constant),
washoff coefficient (coefficient), and washoff exponent (exponent). Identification of S-imperv and N-imperv could use least square error as
objectives, while others could use errors of event pollution load and peak concentration of pollutant as objectives. The identification results of
the 6 parameters are N-imperv 0.012-0.025,S-imperv 0-0.7 ,max buildup 15-30, rate constant 0.2-0.8, coefficient 0.01-0.05, and exponent
1.0-1.2. Regional sensitivities of these parameters in non-ascending order are coefficient, S-imperv, N-imperv, max buildup, exponent, and
rate constant. Identified parameters are able to be validated by SWMM model. However, current model structures still have some difficulties in
lating runoff pollutant concentration curves caused by some special rain patterns.
Key words: urban runoff; storm water management model (SWMM) ; parameter identification; uncertainty analysis
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algorithm, GA)'™' | # 2 M % & 4 (antificial neural
networks, ANN)"' GETFHRE RS (knowledge based
systems, KBS)'"' % R T EFE R K H T &, 3
75 B BF 5T X 2 47 B L 20 42 80 4 X, Spear
%" Monte Carlo M S RBE S NG S RKHE
BRI R B E S (regonalized sensitivity
analysis,RSA) ,Beven' V{2 1| T £ MR £ 4
RASE W BAE FHH" (equifinality) . B I, LAFE
YUIRIE B ML B2 O B O B A R 9 R 1 A BT S
ABRRH SR AR, X 26 J5 s 18 7 i K AR
WBERMFEHMAF AN ER" . B, &
HERTRRER P A — A" B &KL
BEMAGEETHA.

20 142 80 R, KE¥ EEILR HM M
BREMTHT THT R RSN EUFR, BB 5
RERBTHIUHEY N2 RETHER" EIL
BER,BHERERYHARBERIRT I EHRE.
MEFEL L SWMM % 2 R, ¥ BR Jb 5 7 2 &Y/
K, BEBGTEARR SRR R RER T /MK HKRK
BRFFEN R ERE 2RI HERETR
B 2 RAE R L TR R T5 R T AT 18
B EHSGNE,ZAGHENHEESERERALA
SREFR ERNANEET2ER, ERILE
BRI FAT S BOR A F1 5 TE /Y BF 5K BUR 17 8 LR IE .
FHAULHERMBTRRNBEERER
SWMM 3 &, RIB R R AT R BT H L Gl
R RSB P 20 1 A0 XK SR S O R R B A AR
MBHABTESEREERBRHRE KL
RUHN ARRRETSF.

1 REgy

1.1 ERIEAFHE

SWMM 2 20 fit42 70 4 £ B # R 7 (USEPA)
FEMEREREEEY. BHH#EHH SWMM 5.0
IR 4~ i K 3 (hydrology )+ 7K 77 ( hydraulics) 1 7K f&
(quality)3 MERAR . —MBEMTH KRS
PO ERI RS R RBT K TR K 2 55
WRBMBEE XK FHRENKREILAKEBETT, K
EBKFESFBUANBEKEMAEZEKX . AEK
Kot AEMNBRE R INRWRAEER, RHEW
BEA=R, BEVNRE W LT ; &KX T H
BEREX BEABRK ELHLES, EEAH—
HX 2% 5 (Saint-Venant) TEM A BARBRERE
W.FKREEBEERER, 2 MECELEARE

HE FATEAT AXERAY BAEESIE TR
BEHTSAHREUER PR KFEERS,
FE T2 U0 P 595 Y M1k B B F B B (buildup ) K #
Bl (washoff)2 NI GEHE MM THKE ZBR
BERHEFARERRE RREH K/, b il
SZRAXRFARYEHBCEI R 2.

1.2 BRGES

MREBEABERELEY A TEAILCKEK
BiAGRE— HERE A EEE BERUEK
BB OET, HEREE TR LIESAY
AREHE. A ER R FEEERC KEERM
WREBWAK SR, 8 E 1B A K LA AE 4 5 %
BRIy RGEERE AE R, NSk TR
HEBOTRERINSHE.BEKTSRZEEEZ
WEROAHENS EHEEYF AL IRRIC
KB T B KRELIKEZILCKETT
(subcatchments) .t B 5T (outfalls ) . F§ & # JT (rain
gages) KR KB T LB AAEKE, HLBHFE
MHE.

1.3 2H&RE

BRBEASAI X FIARHEHRSH. W
RELKBTEHR SEESF ATERI;E 2LRLR
WENPHSE WERFBRE BATEIRAH
3RSPRFERINN WELYRAEHE IR
WEMSBHTRY, REENANXENE.

SBEEHRTHEESH AEWNRRETHRE
MSEMEE ZRES BWIERESHETZWM
B BERAZRBEERLEATZEARERER
BHIE.

KK A BEHERT SHRFEAR XKL R
B, HPHEEESRERREICKETH L W
B AEKEREE FRIAKIKIBHARE
7K X 4 451 38 % B (S-imperv) I K X & T R HU(N-
imperv) . 2% ¥ X 3CHK, BF 5T H A7 1% S-imperv B 5
BXEH0~3 mm"™ , N-imperv B X [6] 25 0.005 ~
0.05™".

LA TOC R BRG] SWMM B PR K RSB 5. &
BRGNS HEEZRABRSEANBIBRSH.
SWIMH RENEEYRERRAFTBAFERER
(power function) , 78 3 B ¥} 2, (exponential function)
Fu 4t #4132 19 J7 72 (saturation function)3 F .3 #f E
BERU—EMEREREERKERE, WK
BEEREEBERAERYERTEB. TBBRSH IR
KAl B B B (max buildup) F1 B B % B (rate
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constant) . max buildup 25% 1 ~ 100 kg/hmz;ﬁiﬁ‘?’digé
M2 ~47d FXBI R KEH 9%, M rate constant
MREEEN0.1~2,

SWMM R {1 15 e 4 oh ) 75 BB A LL 6142 o
2% (rating curve washoff ). 3% XK F #J (event mean
concentration) F1 18 %X 88 £ #F Kl 7 2 ( exponential
washoff)3 # . L FI R MM A T EMFR T I HEY
BT 2R R R AR W, 8BRS R
Jr 18 R — [ A % 18 E Yo ) R M RE T A2 T B X
PR AR T B, MO A B b v R 5 AR g IR
REEBEX. R T EE KK S8R £
(coefﬁcient)*ﬂWE’J%&(exponent) HRESEWE
EEN, 58WEMN ¢, KFBREWL, FEEZELR
MER B LRYHE N, X E exponent RETEE AN
0.9~1.5.HTHRIEARKT RBME, M C ¢4 <1,
K ¢ —BAKTF 100, BT LM BL coefficient B {H 1
E¥0~02.

2 HWRAE

2.1 BERHTE—HSY B&

Homberge-Spear-Young(HSY ) 8 3" XU % #f 5 X
BRUESNTE AT EETIREREITEE,
%2 % 5> J 17 X (behavior-giving, B) 53EFT K (non-
behavior-giving, NB)2 . X # ik SR T &
REFIKREAFZGHFA NTE—CRELR
IR T AL T i 9 2 BOR B A B R #E R B . HSY B3k
RETIRERESHANERRE, EEMREX
LRV SRR AT o, XS HSY B ER
¥ RS, R0 At A4 7+ B 8 7 i T3 XURS: .
A5 HSY BRA AT RIRREE 7, LHKS
HEE EER,

HYRENFESROT -OBESHRES
FE 2 GO S E R s T OL XU R R
BHENERELRETH FEUERUSHT
BERMATER 2 HEH; QXS B RE % [ i
FTREPLRE AR S BT RGRAL; OB B
MEREBBOHTIAE, A A E T O 2 MR
AFROEEOMOEIRBERKENTER
BEIIE HUEFERIENSEARSHEMR
HEE— R, TIRRE T SEEANES.
2.2 REFESEHRER

HSY RERB ARV RFER LM . RRH
HURETERAAAKRBERRAMREREE, B
BN BT K& Monte Carlo 7% . — 8 7 3k iR It

ZRYREERMEFEIEH EHE, T Monte Carlo J7
BEHME A S  Monte Carllo FETEH S B HE
ERENRENMEER, BREEITEIUEG0E
MAMBERHES, KHFEMLRERARAKMKS]
1. ABFF K Monte Carlo HEESKER N KT
¥4 T BE LR A BT S B0 S

A KK A B HAIR B R A B/ Rk
EMES TR NEFTRE, ZBREERERT
FHEXLHBRMK. B mBm AR (DR

i(um,z - Uyyi)’
7 = = _ (1)
Zuob-.iz
itEPyZ j‘]a*ﬁ‘&ﬁ;um,,jﬂ%i /I\me’ﬂﬂﬁ;u.i..,iﬁ
i MEHME.

5 3 vk BE BOAHEL 32 B0 75 e ) R AR vl 3ot 72 A0
KK S BERSR AR . BT SWMM #9175 3
YRR R R R AEN AR, AR
AT EE ST KBRS RSP A PR, 15,
KK AERS B AR HE XK RS
&g FBCK . B, K L P a2 R R &R /D = 5
BHTEKNHNGA —CEE. ETARREER
Rz FR Bt LA XS 15 3 02 767 S5 95 e W (B VR B O LI O &
BEINRE, B0 B4 o BOEE N 5 IR T5 B 5 BT LR
EAMM 5ERYEEREEMRE AP.

2.3 SRTRMNESKBRRBE ST

HSY 85 £ B8 8 S HrT AR 79 3 2 Fi X 35
REENTERGERESBORIINBR KESHH
ARFETTLLHRERDH B (cumulative
distribution function, CDF) 5% 1 22 %5 I 5 % ( probability
density function, PDF) Sk R~ . E LB % E B 1
REEBHE,WSET AR BKESS S
HNSHTRNERS EEZRSHRET S5 A
FARES-K, WS HTR SRS,

HSY BEMLLEL HETASHEETHER
2AMAZEANRTERERBGL ISR E DM
R X 8 R B E . 2+ K-S (kolmogorov-smimov ) K 1
BRI HNBRAEEEERITE 24
WES,R—FERTTZAMOER TR % 2
MAHZEKKSEBBR, ZSHWXBRHE
WREE.

dy,. =sup | F,(x) - F,(x) | (2)
AXH,d, 2N M HHEE; m, n HHEEM;
F,,F, WA AR
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KX KN S8R T

%% 2006-07-12 F 2006-08-08 X 2 3% M /i i 2
T IC T 7 S B M B AT K UK I B EIR
. F R HSY ZE % #1 Monte Carlo R FEF XK XK
HHE R N-imperv Fl S-imperv 2 5 5 BUE T

31

0.20 1.0
0.18 |-
0.16 - 7 408
0.14 | T
0.12 - Ho6 %
¥ onl / %
0.08 H0.4 B%
0.06 | |/
0.04 |- Jo2
0.02 |-
1 1 1 Ll 1 — o
0.005 0,010 0.015 0.020 0.025 0.030 0.035 0.040 0.0450.050

257 RZHK (N-imperv)

PIBEHL K #E 10 0003K, B 2 ZFETIRIET R Z < 0.1
F A, B 1291 A GEEER 12.9% .10 F
AEXSEBAHERETE RN ZRMELT
BE £ (B 1).N-imperv #1 S-imperv R # 2 % F 15
ERMBHAESHA, TRFELR. HP,
N-imperviE 0.012 ~ 0.025 B K S E B & , S-imperv
FEO0~0.7 BB MAERE.

0.250 1.0
0225 |
0.200 + 708
0175 |
0.150 |- ™1 106 4
® o125 | / ®
" &
0100 | /] 0.4 8
0.075 - i
0.050 Ho2
0.025 |-
0 L L 1 0
0 05 10 15 20 25 30
ISR R (S-imperv)

1 AXKkHSBTIARE
Fig.1 Identifiability of hydrological parameters

3.2 KESHIRF
. KESHIRFRTEAK K S SRR B IE
B BT KUK A ERPERF M
N-impervfll S-imperv 2 2 (/5 18 BU{E 75 BI/E o
HMEBRER BB RN RR MR EREN#EESE
K XK HEAE, 35 max buildup. rate constant,
coefficient .exponent 4 ¥ B9 S BT B 40 LUR A .
EHE 2006-07-12 M EBICR R B RYEKE
#h 2% S PR 45 SR AT K RS BAIR B . R HSY
%8 3 7 Monte Carlo SR HE 77 35 X9 K B &Y iy 5 S RE AL
KH10000K, KA AM < 0.3,AP < 0.3 B #HZ 4R
WGBS T59OA, EAEN 7.59% ERTERZESH
BAFEBMETERYNANRBBEL»AELERS
(B 2).max buildup.rate constant, coefficient . exponent
MEEFENERHEWRESHA, TRIER
3% .HH, max buildup 7E 10~ 30 H A WA ERE,

rate constant 7€ 0.2 ~ 0.8 H H A SA R B & , coefficient
7 0.01 ~0.05 &ﬂ%ﬁ%%%,emanent 7 1.0 ~
1.2 HRHIR R B .
3.3 KERBESH

MERHTK-SKHE BBEERME 1B 35
~,HETTUERFHITSHNRBRAHE . SHX
REEH BB RN coeficient , S-imperv,
N-imperv.max buildup ., exponent . rate constant. 7K 3C 7K
NBEH 2B R BREESEE, RAEER
EERGRYCETAMFERT, 7 LR R
PRRMERNEALIE RRRUERPNR
rate constant, XS R AR B P EH L BB LY ER
BN EINER, H TARRERNSERE, BRER
MO THRESRE, FAHFRSHIRY . BHX
B, KXKASEHRNBMRFTRKESE.

ESHT RS KRR EESTHERM L,

X1 TTBHMKSHRRER
Table 1 K-S distance of behavior parameters

KK A KR
FEKRBTRE FEKRYIRIREFE BATHEREUE REFH Ll IES: I B
0.3590 0.669 8 0.3287 0.1325 0.774 8 0.2611
HERSHERFERTITE 2. FIA 52 HCR RS B 57 40 R 2 73 2 K i
3.4 SERIE ZERHFTSEREIE. KKK IS N-imperv H
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2 KRBHAZME
Fig.2 Identifiability of water quality parameters

10 S-imperv FIBRE X Bl EE X5 821 X8, R K
osh Fi Monte Carlo J7 #: K #L % £ 10 000K, & 51| # #
] 2006-06-28 1 2006-08-01 (EFE M EMILA IR . LR
Eosr FH,RBB/D TR T B R 5 50 &
% o0sl fhi %, 2006-06-28 72 I i 2% ) B KR 2 X 0.1824,
2006-08-01 12 Il M 28 19 & KR £ 4 0.0637, B H 7]
02r H M H LUE i RAE 3 — & U B 5 507 B 0 o B 0 R )
TV — BRMBEHRHTEN, SR WA 4 FiR E R
: ERE 3, PEELWNELRENRHERK.
3 SEMXERNA S5KIKNSENBRIE T EEU,FHSSEER
Fig.3 Regional sensitivity of parameters B RERAERIERTKRSHEMEIE.
%2 ANSHMRHLR
Table 2 Results of parameter identification
B BRAEK BHEL REE@ RHER
N-im, X KB8TZ 0.005~0.05 0.012~0.025
AXANEH S—im::vv Kzigmg;;zgﬁ 0~3 _ 0~0.7
mex buildup B A REVE 1~ 100 15~30
KESE ion AoRn e 00100
exponent Lk cE 0.5~2 1.0~1.2

KAXKNBEMARSHEWBREXFABAE  HERIAHXME, R Monte Carlo R Fe 7 B FEHL R



1500 73 #

B 9%

# 10000 7K, 43 B HE ) 2006-06-28 . 2006-08-01 , 2006-
08-08 % 3 KFEM B E 2 M+ TOC KR E X HE
BRZKERAFSTMERAFTHRE AM U
B 0y 2% 55 S ) ot 2% vk FE W% (B 9 R 22 AP . 2006-
06-28 R M KM BE KIRE RN MaxAM =0.3336, %
KA A7 #E R 2 STDEV = 0.074 0; MaxAP = 0.234 9,
WEE ok BE B A B %) 4R 2 B K 8 MaxDist = 77
min .2006-08-01 K& K% 2 K MaxAM = 0.268 6, %
WHEEHIAFHER Z STDEV = 0.086 2; MaxAP = 0.491 2,
W08 7k BE 1 R4 B 20 4R 25 B K 1B 4 MaxDist = 7 min.
2006-08-08 KR KR N MaxAM = 0.3676, £ WK

25

—— B RR M
L~ kPBRRNR

— N
n o

R LR/
=

0.5

0 20 40 60 80 100 120
I fa)/min

—— BBtk

06 1 —— LMBHGE

05T

S 04

0.7

B o3l
& 02}
0.1

&} 8} /min

47 MR 2 STDEV = 0.153 0;MaxAP = 0.576 8, I§ {H

VK L PR Y B %04 22 B K MaxDist = 6 min. #4175

RABHRE AM EVRBEREZRTE S 9, &

LR MER/N B E P, BN S LGE
%3 ERENHARKGENSRTEELRE

Table 3 Simulation error of identified parameters and its medium number

H#/E-A-H
%

B 2006-06-28 2006-07-12 2006-08-01 2006-08-08
AR E 0.1824 — 0.0637 —
N-imperv = 0.018
S iopery 20,35 0.1772  0.0957  0.0548  0.1527

10
—— BB R
08 —— LRk
a 06
]
o o4t
el
02}
o 1 L "
0 20 40 60 80 100
it f8)/min

040 S )

0.35 } —— EMER S
- 030f
a o0ast
ﬂ i
X020
£ 015
® 410}

0.05[

0 L !

0 ‘ 20 40 60 80 100 120 140
B} {8)/min

M4 KXKkHPREMER
Fig.4 Hydrological simulation of runoff
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Fig.5 Validation of water quality parameters

BUE B2 50 B 69 o 1 50 5% B UE 4 K AR 5
GR#FGEYN, A TEAULEREGRSHHERANANS
EWENOEREXNHSM, Bt P EBBN MM
P BEEA B KYUHE, R 4 5.

T B X 15 B 0 5 W o B B R A3 RO 3

BHMERT, 2 L TOC ¥ BRI & 55 W dh
KHBARE NERRE N ERYEEHKZ K
IR B2 i o 2% B 400 SR A 40 el 2 AR
PR NERYOREEURA S EEN RS
R 5 SME L R B9 75 e Yy U B O 1 — M i BT
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Table 4 Maximum error of identified parameter simulation & error of medium number simulation
2006-06-28 2006-07-12 2006-08-01 2006-08-08
BB - ®2 - -
AM AP Dist AM AP aM AP Dist aAM AP Dist
FRAEE 03336 0.2349 77 - - 0.2686  0.4912 7 0.3676 0.5768 6
i 0.0860 0.1175 77 0.1100 0.2196 0.0724 0.0578 6 0.2038  0.1081 5

FERAI , S B 10 2006-06-28 % — 46 T B 45 0K B9
FE TS5 UK 1 L3 3 7 4 . 2006-06-28 F& 7 471 5 0 Al
NS /MREFERMEERS B SRR E
EEPENHER. EHRTRERERDFHE
WERYEE SR BEERE f TR EENE
RO GERYREFELHEZEN O X—~ERERTH
R L BT % IR 2 1 TUERAR /N (B 7E 75 e Y R o
L R ZE R REMB K. —FE, BRKXK
BB R o E 1 th 2 7 7K R R 1L oP B % R
K;B—FHE, bl F SWMM E R F g5 1 ER b
RIS R A B R, KRS R
EWSTEK RGP EI. BT LAY, BT R —
HHENSRNERNERGAREMS, AANER
T RE—EEER.

4 i

(1) BL I 2 F A 80 ¥ 2 A 89 HSY B & A
Monte Carlo R J7 # #£47 7K 30K 71 B89 iR H 7T A
AR/ SR 246 0 B iR s 8, KRS B iR A
A LA K 15 B 07 5 075 L Yy e (oK BE A O B AT BB
AR E R, T AEKBRETSER
H1,4 R4 N-imperv 0.012 ~ 0.025, S-imperv 0 ~ 0.7,
max buildup 15 ~ 30, rate constant 0.2 ~ 0.8, coefficient
0.01~0.05, exponent 1.0 ~ 1.2. 2R X R W E
K E /NHERF A coefficient , S-imperv . N-imperv , max
buildup .exponent , rate constant. 7K 3 7K J1 £ £ B9 iR 71
BRFTKESH.

QAR RMNIBEM Y MR RS R
BMBEH#ITSEBIE, KXK IS BHELER
5ZMBE 8T, S BB EE XM EMBRBGER
K BR AR MERGERA RASOK 3 BER LB
FEBRERR R AR HERK.

G)YF RS 95 B3 — 26 50 Br 0 7 of 22 3
IR, RAEEN - LR BERERERT§
Yk Bt R E—E AR
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