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Review of Urban Nonpoint Source Pollution Models

WANG Long, HUANG Yue-fei, WANG Guang-qgian
(State Key Laboratory of Hydroscience and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: The development history of urban nonpoint source pollution models is reviewed. Features, applicability and limitations of
seven popular urban nonpoint source pollution models ( SWMM, STORM, SLAMM, HSPF, DR3M-QUAL, MOUSE, and
HydroWorks) are discussed. The methodology and research findings of uncertainty in urban nonpoint source pollution modeling are
presented. Analytical probabilistic models for estimation of urban nonpoint sources are also presented. The research achievements of
urban nonpoint source pollution models in China are summarized. The shortcomings and gaps of approaches on urban nonpoint source
pollution models are pointed out. Improvements in modeling of pollutants buildup and washoff, sediments and pollutants transport, and
pollutants biochemical reactions are desired for those seven popular models. Most of the models developed by researchers in China are
empirical models, so that they can only applied for specific small areas and have inadequate accuracy. Future approaches include
improving capability in fate and transport simulation of sediments and pollutants, exploring methodologies of modeling urban nonpoint
source pollution in regions with little data or incomplete information, developing stochastic models for urban nonpoint source pollution
simulation, and applying GIS to facilitate urban nonpoint source pollution simulation.

Key words: urban nonpoint source pollution; buildup; washoff; biochemical reaction; uncertainty; research advance

IE SR/ RER PR =3 N A TN g T | B g AT}
T G W) 7 ek T AR AL 1 IV e iV R AT 23 Y
BT 51 K i KRS G B Bl 90T R R
WA B0 A R AR SRS G 5 A IR T K B
PrArT Tl 10 2 () . 36 [ PR B8 O 47 & (USEPA) 193
At A 1988 AR T 2 W AR U5 LB 19 15 G A T
KA 565 DY R PR 26 R0 I K BRI 1 5 = K A
2R ,1992 AR 73 1) 02 5% = R PR 3R M ORI R O
MHEEEFOAE TRBME KL fERE, b
A ST A TR R 8 PR i R, Tl TR U i 3
RS W R IAL A K B BRI R 2 —.

[ A A0 Ak 22 2 35 0 T 3R RS G g o 2
K 2 AT7 I E R A A BRI 5. ST R
SRS Gl A 4 R A BRI R R A 36 A AR Y
S i (best management practices, BMPs) f)
BER b, 455 I2PR O 2 2% A AR SRS G i A
P it , 00l 2 ot A TS G o Bl AR SRS

e ) A8 R T B0 7 2 v T A A I A YRS
{14 ok 2 A AR B B 47 R /N T 3 A A DR e
TSR T A ARG Gl R AR AT 5T B0 TR B
PR R ST Al SRS B A ST A R — R
P A IR S Y AR T LR AT AN [ B ] 2 ) R
JE TS G W B ADL B A AR AT TS e B, RO A AU
15 e RS, 4 2 I A U 2 3 00 B DI, 45 BRI 4G
Sl T HE A I, B A A P AR A X ST K B B Y
S i 2 o PG AR SR TS YA B E , T PR
5 T HE il A 3 BEARCR

1 WHERRSEERNERE

AT, 3ok AR s PR95 G B 22 Iy 1 22 B A Y AL

W5 B H#1:2009-12-15 ; 81T H #§ :2010-04-01

EETA : B R E SR & R (973) 35 B (2005CB724202) ;
P05 T a3 S g % B 10 H (50823005 )

EER: E (1983 ~) B WM HUF R A, FEN5E Jr A Wk
SRS YL | E-mail ; wanglong08 @ mails. tsinghua. edu. cn



10 4] e A T AR RIS S A B B 5 S R 2533

WAL 5 GIS MG N 3 K J I BL.

20 fit22 60 ~ 70 AEAX, — 2 5 i 5 2R b
FGETH o A B 7 6 S T AR s IS e A 55 - A
FHERAR B 2 [0 9 28 90 5 R 3k e 2 0 450 iy
N BEAE D, BE W ] it AP B30 0 e 1 0 A TR
1o Yt far , BoA — 5 19 2 . H 3k BB 70 e Ll ik
15 Y 13T RS 5 A0 0 3o AR R 25 A3 Al L — 2B
JH 22 B B R PR

20 fit22 70 ~ 80 AFAX, —LbAy 52 ma i Al 5 IR
YR RN W, Hiep XK SWMM STORM , HSPF |
DR3M-QUAL 25 Al J 3 i ) Al i Y5 e s 2. 5
AL S I B oF Sl I R AR AL L 7 e RAR A ] |
B il HEAKAE R P8 10 R0 TS e Wiz glad B A A
JB T2 58 5 L AR 25 5 i AL ] % A5 401 I T o AR
Hh AR ST G T RS S AL B B R BLOR

20 fit22 90 AEAXC LK, BE & THEEHLA GIS £ AR
AR PR K, GIS )™ 32 I T 30 i AR AR5 G B0
BRI 7 30] GIS I J2: Bl T 482 O i AR e U
15 YL A iy 95 A 0 T R M) A e A KR
)BT GIS 53y AF s P75 YL AL (i AR R 5. 2
20 42 90 4E AL J5 #1, BASINS'®' ( better assessment
science integrating point and mnonpoint source ) .
InfoWorks CS'*' 45— 6 A Al 17 U535 e 462 280 37 495 4
T GIS,JE WU R GLF &, R U I iy A S 8L,
I EAT Bt A i) 25 18] A A 3 1t D) RE L S T
GIS Syl s P P B L Y MR 5. 5 GIS BUHS
P o 3l S R TS AR ) 2 B B A
75 (e, A A 250 ) A ) 9000 250 SR A AR K By ekt , %)
B BUASE R B e R 3] 1 B R A HE s A A

2 Wi IERIRETRERTR

2.1 [EAME AR IR QA T A5
2,11 ARl AR SR TS YR A

] AR 56 3k ] 0] 2 R AR U 7 | A A 3k i I
V5 Yo AL AR, JT R HEHH T SWMM | STORM
SLAMM _HSPF . DR3M-QUAL QQS . FHWA MOUSE ,
HydroWorks 253k 17 JE 0 I 75 G B A, H rp 52 i) 45
KB Tz i F A L E R SWMM, STORM
SLAMM , HSPF FI DR3M-QUAL # B DL K [k 1 #)
MOUSE #1 HydroWorks fix %Y.

(1) SWMM #%#!

SWMM ( storm water management model )"’ &
1971 4F USEPA Sy fif e H 4 ™ B 04 3 T I s P75 e
T A %) 308 T 22 R K K T T A A SR T L A Y

2 LI B IR, B A 5 SWMM Version 5.
SWMM = % i 42 i ¢ Bt ( Runoff ) | %y 3% B B
(Transport) 3" FE ki 1A L B (Extran ) £7 il 4b PR AL Bk
(Stroage/Treatment)4 4>+ 55 A5 e F1 T 42 i+ 70 #r
N2 P B — A I 55 A5 He 20 B, T DAASE 4L 58 % 1) Tl
FEmAR A R, K RIEK X R AR, 7K X+ 1
{RFTT B B HEK A b B g O A % 32 A K AR
Ak B AE A . SWMM i] LSS AR {75 48 & (BOD) |
s A i (COD) (R #F L & A& (TN | 6L B
(TP) B[ A8 7 ) (TSS) \ULIEW BT 2855 10 Fif
TGP KA A 2 S5 Qe W, 25 R TS B i it
W (ELR 25 JE 5 e iy 2 1) A9 AR B4 AN AR A
ANB KX, Z2 G0 B2k TR ok 50 95 Bl ek ZORN 1 0 e 4
3 Fhis g RAREAL LUK IR B R G Rt 2R
U e 3 Ay G Wy o ) A2 B, BE R DL e i 22 56
BRI F. AR K X, >R O I IR e R R O7 &
(RUSLE) i+ 58 - 342l , A8 2o #2423t 8 i 20 =X
Green-Ampt A B A5 HURN T L 4 (H 75 3 A58 07 2.
i AAF B AR K SCRG R SR BUR R R
B e HEKE RS AR R A 9 AL DR AT e
Mo AT G B T UG U S RS RE B2 %) BMPs 2L
RIEATBAUPEHr . B R BR S X5 e W 1 A Ak S
7 ) B AULRE 3 AR 22 , % 5 K BT %5 U1 AR 5C 1Y 48 1 e v
18 Bl A RE AT B AL

(2) STORM #%d

STORM ( storage, treatment, overflow, runoff
model) "' JE 3 [ Bl 45 T 7 5% P TR K SC R
(HEC) 1973 4FHE H A9 30 7 2 /A2 A AL, T A4
IR X I8 T A% 9 B K JF o . STORM RE AR 8 TSS (UL
JEWIBT . BOD | TN | IE @ B2 #h Al K 7 #F 7 6 Fh 5 ¢
Yy, A28 175 Ye ) 2 18] 09 AR BAE TR AL . R 37 0K
X, STORM 4 it 2 M ok BORTTS e W) o e v — 5 L 4
2 Fb R AL e ] 455 0 R ] — B 418 B DA AL, B
R WA AR5 K X, >R Y A 0 K U5 # (USLE)
THA e ph . AR A BB KSR R A
FI B BUR ) 2R 055 S5, R S A R AR U
T RN U5 Y Wy 07 Ay L R A ) PR A A &4
oy L BT B, AN REAR AU VD i 3 B A TS G W ) I
R Al i A, ANl G % 2 I [) RUBE Y AR A

(3) SLAMM # 5l

SLAMM ( source
model) """k 20 {143 70 4FAR B S [ 4 Piu T
R T T R RS e ) A AR AL B 3
WG Je B AL, SLAMM Al DLAE UL TP TN 3% i S

loading and management



2534 AN 5

B 31 %

(DO) \TSS Je b4 Jm 5575 e ¥ 7815 K X F A i3
JK DX, AR A SR Y e T e O 2 R LA B R R AR
i 5 YW 0 R AR ol X SR P A HiBU A AL A Y
G B ALIERET i | 2R - R I 2R HE
K ZR SRR AR A ) 206 RN R T A L N A K R
T TG YR R T G ) B A S5 SLAMM ALY 2
AT A AL s — 2 AT LAY 22 b 47 o] AR P 2R B R A
i (R 5 i HEK R G F) 5995 e P R R
ZERBOR, T RBALGI AT BEAL BT, AT LR T A
SR AN SE P O3 A R R R BR S AN RE 1E 4T R K
05 e W1 G A T8 P R LT R TR T A fE
AR I R A e e R i A

(4) HSPF ##d

HSPF ( hydrologic simulation program-fortran) "'’
JE 20 fit 22 70 4F AU USEPA HK & 3¢ [ #h it I #& )7
(USGS) #E H iy FH T A6 00 A A 1T i X 7K SCK ot
T R A AR A U TS Y AR L. HSPF AR 4 4 B T
] SWM ( stanford watershed model) \HSP ( hydrologic
program ) . ARM runoff

simulation ( agricultural

management) \NPS ( nonpoint source runoff) & AU |
2 1L R, B E K B WinHSPF Version 12, Jf:
YR — A 7 8 84k A USEPA 1998 4E JF & Y
BASINS 2 4. #5 A1 0] DL L) TSS  BOD | K #F 18
TP il B2 £ A R 8 55 15 e Wy, % 1B 05 e ) Z 1)
AR RH EL A RV A AN 375 7K DX, A5 SR T 24 1 o KX
SRR ool S H O It 1) LGB, AN TR 9 e AT
DUBOA [ #4 He 9. 2 35 7K 1K, 5% FH Meyer 257 41 iy
14 - 1 3 1T B R AR DR AL B R SRl s e W 4R
VD R —EB 4. P R W XS g R AR
A5 ) SR A B AL K SO R A L &
TR o] 22 250 B 32 R 7K ACREAE RNV G ) o il 3R
B 5 B LS M R AR I RS e W) B A AR
2 5 YIS 32 a0 KR 1 5 e DL K2 BMPs 45 45 i ity
Jit B ORISRy BR R AN BE AT A I K IR Y
SRR RIS A R R BB R X
87 FH S BR P K, LA TR A I Ak B R o —

(5) DR3M-QUAL #%4

DR3M-QUAL ( distributed routing rainfall-runoff
model) "7 S USGS 1982 4 4fi H A A LU #1340 X e
AR P K B K B ) 5 T BEARE 2 9 20 A A AR
BEALR T A P B R — RS, 2 HiITBE K
F T 22 1) 09 1 SR 3, >R o sl gl 0 530 Ml T A8 O, A
NI ] 2P K Sy Tmin, 38 & T/ 3T X8R /Y
DR3M-QUAL #] DAL TN TP | TSS Fl 4 J& 4 i i5 g

Yy, A2 TS e ) 2Z 18] 0 AH BAE . FE R 3 K X, AR
USR8 R B R AR oh R 2 B AR TS . TR
B IX R RUSLE 315 + e f= b BL8 AR 2
K KOG AT R BRI i RS
A LA H A TR A I A R R 37 TS e B R A
Ry BR 2 AN BEA AU {75 4 ) =2 18] (9 AH B AR HT, 0 3%
FAE 3 o (e Vi sl By 22

(6) MOUSE 57l

MOUSE ( model for urban sewers) """ J& J} 3 7k
F12E ST BT (DHI) 1984 4F4E HY A F T L4800 i A2 O
AT KL A I TT 2 R AR A AR A 1994 4F 4 T Y5 Gk
YR IR e i) MOUSETRAP™ % 5. MOUSETRAP ¢
SRR VD RO A 28 BORL S TS e Wy iz 8, DL g
TE A K BT AR A ok R AN A ) 1Y R i o FE. MOUSE
Bl DO BOD ,COD | %5 fif A8 24 I Mt A 0 L VD iR
FE 3 Rl LA KT E O 4 R S K B S A TR
KX R SR AL ok BORTHE Bk B 2 RIS e ) R
TR, 35 G e il 368 3 0 e 5 | B 114 4 L 5
FTRALL. T /K DX, AR 2 1 4 b 2 56 SO AL o 452 28 46
L E R OB A b iz 2. AR A AE B AL FE K
SRR A R AR ) R R YR i sh 2
A= Wy W ik R AUL S 5055, AT LA 4 P AT A b 1Y
5 YL B A o3 A R R BROZ AR Y 5 2%, SRR E
B, FER A R A R R A

(7) HydroWorks F& %l

HydroWorkle] &=L [E Wallingford Z42}2\ 7] 1997
AETTF R A B AT AASE U036 T R 7K K Bt K 75 G B A Y
JK LK 5T A% Y. HydroWorks #1849 A Wallingford %
PR A HEK 28 AL AR TnfoWorks €S Hp 4 3%
BRA B — AT K K BT A, AN i ST A
R REAY SR ] 3 A 2R R AR UL W A 0 2o A, OF kAT
TEU T, SR H 58 42 R i 19 25 4k g Jr R A 4DLA8 18 It
#f. HydroWorks fEfE4l TSS .BOD ,COD 4% 7% . TKN |
TP DL 4 B P A SCi5 4. fEA 3K X, 15 e )
UG RY S 2 M ek B, il 452 50 2 9 8 A 2R AR V0 o
T RREL. 7R K X, RN R A 3 SRR+ IR
R VD IR, R AL i AE B AR K SO G R A
FH BB ) 28 K LA R A T A R RS S5 S 4, ]
DL S S A A A 85 % B . e R ) PR R
EIE S YWz sh S FEOK PR, A 5 TR B
BRRY LA AT 2% , 203 BB, At HOate R B 3, A
BRIATENE" .

PLE 7 A5 F 3T 3R 500075 G B A0 Ry
FHAE R R PRV G25 T A & 1 ff .



10 4] e A T AR RIS S A B B 5 S R 2535

F1 TAERBETERBESEER S EREMERE

Table 1  Features, applicability and limitations of seven popular urban nonpoint source pollution models
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