B A A M 20134F 10 4 524 % H 10
Chinese Journal of Applied Ecology, Oct. 2013,24(10) . 3012-3018

ek R SRR R ARG

X E

4

REH F B B #F WAEZ £ #H KREFN XA

(LR TR ER, Bl 310058)

W E RABATRRGEEAIHRRBATENANEEZLR BE A ENRREAAREL
WHARENE LT REAREZEMHR, RAFTENEERRMTERAE, M H 7T LA, TFH0
KT e, T YRR AR G R R RE. RO S B Az A
RBAREEA A HRENFTLEATNEARTT RALE, T EAH T LA MHEA
(GWLF 5 PLOAD) % 4y KR K AL A (QUAI2E 5 WASP) | DL K & /&7 4 717 5 AR AR
Hy 45 A % B H AL (HSPF .SWAT ,AGNPS , AnnAGNPS SWMM) , Z &/ F 4 A th My JF 7 5
FEAE AT A A ST PT RLF B R IR M. b 4, 3 i K R A (CE-QUAL-W2  EFDC o
AQUATOX) 5 4 Ak # # # (GLEAMS #1 MIKE SHE) #47 7 M E W A 2. &5, B 24
MRS T IE RS ANEAK ST AN EO N, RN T RRAAFIETEERNREHES SN
XKEIR O ME O AFE FLEEA AT AR

XEHS 1001-9332(2013)10-3012-07 HEHES X52 XEFRIRAE A

Watershed water environment pollution models and their applications: A review. ZHU Yao,
LIANG Zhi-wei, LI Wei, YANG Yi, YANG Mu-yi, MAO Wei, XU Han-li, WU Wei-xiang ( Col-
lege of Environmental and Resource Sciences, Zhejiang University, Hangzhou 310058, China ).
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Abstract ; Watershed water environment pollution model is the important tool for studying watershed
environmental problems. Through the quantitative description of the complicated pollution processes
of whole watershed system and its parts, the model can identify the main sources and migration
pathways of pollutants, estimate the pollutant loadings, and evaluate their impacts on water environ-
ment , providing a basis for watershed planning and management. This paper reviewed the watershed
water environment models widely applied at home and abroad, with the focuses on the models of
pollutants loading ( GWLF and PLOAD ), water quality of received water bodies ( QUAL2E and
WASP) , and the watershed models integrated pollutant loadings and water quality ( HSPF, SWAT,
AGNPS, AnnAGNPS, and SWMM) , and introduced the structures, principles, and main charac-
teristics as well as the limitations in practical applications of these models. The other models of wa-
ter quality (CE-QUAL-W2, EFDC, and AQUATOX) and watershed models ( GLEAMS and MIKE
SHE) were also briefly introduced. Through the case analysis on the applications of single model
and integrated models, the development trend and application prospect of the watershed water envi-
ronment pollution models were discussed.
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FUAG, RS T E G Jm sk B SRR BEin Qe 2R R U582 TR R T-BL iz H]
TR IS R M RBOK I FCEA AR ORI RIA R AR B N RS Qe R T R G T
PR, P TE RV BB SRR KR E B IR BUHAT B T B AR B = WK BRI T Y
) SRy 2 AR, TR R A DR K B e AL Y A T L D S R e A R

B 75 R B A I 25 23 A UL, R LA DR 3 BHURIAE B

s T B AR 45 % 4 T 42 0 H (2013XZZX004) EB). VUK PR S AT ) SCRE. Tl AL, mT LR

* W INME# . E-mail: zhiweiliang@ 163. com NN v NS =
;;)133;—16 Llﬁ[f[%]‘,2013-07—2‘2’) ﬁ;iz.g ‘ j\jﬁ??%?ﬁ*ﬂii&ﬁgiiﬁgjﬁiiB/‘J‘{ggéﬁlﬁxrj_iégm



10 4 OPRSE. PiIBUKIAEETE YR K HN oY 2538 3013

IR K AR DL A B2 R, A K S 5 28 97 i A
AL R FRSL . BN AN A A TR
JETK ORI s 575 YA () 2 1 e A5 RN SR B2 1y
ZRARDE AR AR A £ | A AR R, ]
DA ISR « B — SR AR 30 1y B i 78 41 3 14 AN [
Sr MRk (S g ) R () HLEALA] 1
B3 93— 2SR AR 25 1] 2 BIORE B8 8 B R /N A
I7] 43 A 5 SR 3 A O 20 2R S0 3 o it 4K
BTG YA T R 50 S AR 5% B 1) AR 55
XERIANR, K o3 s Ye I 2 407K (AR It
RERIANZE G I R = RIS, TR 21 1 4% Jp A
LR DB R 5 5 K S TS Qe A%l 7,
i BAR R S0 70 M B2 AR AE S PR i AR R Y
PLHARBRYE , R TR R fa 5 M A5

1 SRAETRE

1.1 GWLF ( Generalized Watershed Loading Func-
tions )

GWLF 5 B ph 52 47 35 JE W N 37K 22 (1) Haith
il Shoemaker'® 3 [i] FF & Y 2 43 A 20 2 22 56 20
PR R iy R I - DS 3 2 N0 7= W S (VS R S A I
[7] M A IS 7 A A2 dt B | T 4 ol i R RS
EFRER AT AL A A — A B — T,
FEAXS PRI T 25 (6] 5] 73, AU BT AT - 3t ) P 3 X
(¥ 67 i &5t HEA T BT SR GWLF BERUR I SCs i £k
i REXT R AR W AT TR, A R USLE
Ty BRI A KA i AR = A . X T G
T, GWLF FE BLKS iE A KA 575 e W42 25
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R RS FIURL S TS e 5 T R k.

GWLF HR GRS 1| H b PR A5 B R G H AR (GIS)
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1.2 PLOAD

PLOAD HE#LE 1 3¢ [E CH2M HILL 7K %88 T 72
INHITT R LT GIS B it s s 57 G B far A AL
SEEAEAE RO b AT AR AR A A e
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2.1 QUAI2E

QUAIL2E & Tufts K4 + AR T# R A EPA /K
FEBARI LG (CWOQM) IR L = SR &,
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2.2 WASP (The Water Quality Analysis Simulation
Program)
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Bk QUAL2E Al WASP W Fh 3= 22 () H FH 7K i 45
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R AIK B ) 248 CE-QUAL-W2 , F T4 0 — 4
6] SF-3817K 2 g 2 FOK BT, 38 FH I K RN F 45
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3.1  HSPF ( Hydrological Simulation Program-For-
tran )

HSPF # A2 i 52 R PR B 37 3 (EPA) JF A /Y
oA AOK SO | T8O BEE B A H AR FIA
TR B 7K SOK BT A8 1Y 1% S A4, HSPEF A A
P AR AT (SWM) A FERN I &% JR Ik, BEAS
B TIR A K K e A, AR U L3Rk R
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3.2 SWAT(Soil and Water Assessment Tool )

SWAT H AU S i 5 FE AR #E (USDA ) Al A
FETIT A BRSO BERE R | B BR A 1 LA FI 2R
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PyERAL A AR S B T R Ao P K
25 AR S SRR () S, SWAT #5578 447 BERR 22 1) B 7K
DT AR B AL, K70 oy AU, PR AN [ A 1
Mo A I J7 ORI L SRR A it e — 25 4] o
JKICHE N B 90 HRUs. #5887 441> HRU bl a7 iz
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3.3 AGNPS

AGNPS 5 #1 J2 iy 36 [ £l F8 4 l BF 58 Jmy 5 W]
JE IR TG YW i Sy S TR H B i dek 43 A =X
BREHY ORANRE PR 38 i A A 5 Y B fr , T LA AT
DU R AT XS FNAR 5%/ %80 5 53 7. AGNPS $i FE A
F& SRR SAL, K SC RIRATE SR P T (EZ R
TR R ) T8 AL, LR 5
ST, 3 Al b DX B4 7K S5 ) R L2 R S Sy
HEFTHES , [R]EE X B YR 2 W AR U RUAR i 7 Vb aod R
FIBEAU . AGNPS A5 758 F 14 9 38 R K/ UL
INEE] R 25 20000 hm? |, AL 0. 4 ~ 26 hm? By 5L
TCHEAT IR 53 %, I LA R BEAS IS AT 5 i 4 1)
K ) 220 A0 B HE S R T

AGNPS A5 2 PR R ABE A | I 6 %o 3 42k P
SRS YA T SR U, N TE O S B A
M RE A, DA S A AR ol 1) B 28 0 A R S
I ABFSE. R, 28 AR 3B F AR SRR R S 40l
WE SR I 4 T % A U455 ARl ——AnnAGNPS 152 Y
( Annualized Agricultural Non-point Source Pollution
Model) . 5 AGNPS #ERIAH Lt , AnnAGNPS MR 45 it
K SCRRIE (I | A MR i S R0 4 ) e I 42
IKDRR R IR AR B 432, IF AR M %45 43 25, LA
H S At 3 R4S — A~ B B P 4 K DA e Bt 42
T VD TRy B 25 45 it A5 5, v H IR R
PR ARG G K TR .

3.4 SWMM(Storm Water Management Model)

JE I BRI OR 47 2B T A 1 2 T Ut KR B R
SWMM J&: kT 7K 8l g 2 i B T A= AR AUSE A ]
ARSI 56 5 1) 385 7 2 W A2 A0 /K o NS Y W52 gl ik
. SWMM Al A A B s A 37 Fi 14 g 1 AR
B W FE /b BRASEHRN 32 9 7K AR B A% 2 AR B 1
A X SO AR AT AT 5 s X I R AT G
(A BlK SO e, B 2EA0 45 AR W B | K 7%
K DR | b AR U LR K PR A AE
Hb,SWMM A] DL 5345 42 3 AH 5C 19 75 Byt p, ]
PAREFIRL R i B3 7K Bt AT AR A0« AN [] £ 3 A1) 2K
TR RAT BTG Y s e B M= AR I R ]
P2 B35 Yy i 3 BMPs (e 245 B ) 5 | 1)
i) 6747 A8 AL A5 SWMM AT H] 5 e 22w itk
RN, b BT SR RE. 7ER AT S22 4R
TET 2% PR 3 T I, 5 8 R 2 D, AR A A%
TR H L5, 1B, Al A5 b i e 52 2%
35T AL % R TR AR L ). SWMIML A5 782 4K T i a4t
GEIRACHTFE BA BT B EZ A R S8 BERAR
i, A it — 2 8 Mt
3.5 HAbRREEE AR

GLEAMS ( Groundwater Loading Effects of Agri-
cultural Management Systems ) J& F 32 [E] £\l #8 4% k.
WFFEEWT ) T e ) HE T 3 22 o W < 7 Y 22 36 TR A6
B, AT AU KA IR TS 3 R iR XA 2 Y
AT MIKE SHE #8582 ph 122 7k 07 20T 5%
B¢ ( DHI) 7£ SHE FAili [ & JR Ak il i — 4~ 28 51
EME B 58 4y B o3 A 2R SO BT DL 22 1 B
15 AORMEKAEER L BT A B K SGS R R K
KAk KB E R

4 REIH

4.1 AAUph SN H]

IR AR [ A DR TR ORI I e
L EARRN 2 198 . Chikondi %535 ] GWLF
FEFIRE A 55 Malawi #7380 AY Linthipe 1] 527K X )
S RRL SRS B A, 45 SRR GWLE AL fE
AR Gy Ak SRR VD LA K5 e O (R AT 35 T 46 Lee
S50 52 RIS 57 N 38 [ B) B J2 5 ( Chesapeake )
T I HE L S Choptank Uit 38 1485 33 7 far | TIE 52
GWLF J&— N E % 43 F B Ak BAR T | 78 SR B Rk
IS BLR, NP OAE AR RO BN B AE 10% ~
50%. Ning 27" Sy PP A 5 4t B 36 3 &, 12 A
QUAIL2E B 5% Kao-Ping Wi Ik it 4= {75 A L I8
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Bz NG shRE A, W BF S T G 60 g U B 2237 [ 4R
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T AR SRS Y A A AT K SCRLAEL | R R AR
Vi AN 3 42 1rh B 1 3AL. Polyakov 25 X} AnnAGNPS
B HEAT I8 PR ST, B FLR T 48 km® (K I
SARAEL 2 I AR | AR LA S K BRI
kA 2500037 B AnnAGNPS #E47 Hh [E g 7 11 X h
25 KR W —— U VT Al A s 55 e 7 A
AR L e A AR A B RS . Lee 457 R H
SWMM AR BIIPAL AN B 2 1 IFAl 35 4E TMDL (& K H
T ) TR 3T BMPs B A4 3 19 3K SR
TAT VR 0T . A A SR T M X - el A P AR Ak 1 5 R
(IR A Y5 Y2 £ 7, Shon 250 3z FH SWMM 5 A
) Busan 17 (19 E 55 0575 Y2 £ far A8 4k, I 5 FTAWFSE
PEXT b DA 2 H T (5 1
4.2 AV AR BN

T4 PR 78 LG AN R A I 35 B 1 LA B

S, KBTS o LRI U A5 1, F5c K PR
RAFLAEA P RIS R AR ST oK,
AR T R A5 YL B Yuan 250 4
AnnAGNPS F1¥] 52 4 28 28 &R 40 4 JL B A REMM
(Riparian Ecosystem Management Model ) A 3% [ 1
T ST R 2% ovp R G TG Y S IR L. Zha S5
Sy T P TAT 4 2K B K 5, BF T AR A R X B P
SRR BTS2, #5-5  FH AnnAGNPS Al CE-
QUAL-W2 57 % P4 P LY VA VR 52 X ) 25 1 2 307 7
TR 11X %85 V8 7 Le e 1) 7K B 2 AT E RS2 e, I Liu
25 14 42 1037 ] HSPF R EFDC AR IR % 1K 5
W] 1R 7K 1 K BB, Ekdal 251205 SWAT FiI
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SWAT A5 RIABADL A4 378 380370 et R AR o 860 Ao i HH 1N
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415 JE T SWAT Fll WASP 857 T 7K 7K 3 P4 45
A PEIBIR SWAT AR IR 5 Ye g5 3R 0
85% LA_L B EE (TN FILERE (TP) 3K A Tk TS
Yy i WASP BEPUK K R B, 2 /075 I8 35%
[ TN A1 TP 7 AT LA S sk /D /K R4 R a 1Rk
JE. F &N F & T L R AR TR B R
(SWAT) KA 253l ) A A (EFDC ) F] i A Al
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1875 IR B DU FT 0

5 REBUKMRESREDLRESR

NI K PR 5 75 YA A [l N A ) S5 B 1o R
KA, LR ILA 7 75 EIRARF AT . 1) & &5 et
PR R JEHE K SCHNTS Ye W) 8 A5 56 AL HLEE Al 5
B AL SE 5 T K BT REY T DL B AR AR A
SRS Hh RASTIRY Ay (1 FH 0 Bl A S AL R . E
A2 25 ArcView 5{ ArcGIS F 6 £ 5, F
FHAF- £ %5 25 a1 1 A7 it AL BRAE 7, BRI BE B 3
SREBUSHU XIS S A e s A | g
LR RT3 S5 B R AT A 40L e T B AL R
SR, SRR RIS IR, SWAT A8 O 4k R &
I TR R R G G IE Y SWATCUP™ ) #04 , Bah
TR A TR 3 M | AR AR A (] L PRI U, 3 D)
E—25 K RN 5E 35 45 PSR | DL s B 7 FHA50%.
2) ANHEMEAT. BAR B ST RLUASH 22 1k A i
8, HAR A TR Gk, 0 3 FH A BRI A R 1
DR T P AR A R i A B 2 M A, S R 22 1Y
KANFIM A | ok TR0 R 1 o i 37 ]+ 20 A 7 . 3)
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