Geographical Science Research MR ZZHF 5, 2022, 11(2), 210-219 h'ansixmi
Published Online April 2022 in Hans. http://www.hanspub.org/journal/gser
https://doi.org/10.12677/gser.2022.112022

RAER SR ZEENIBRRBE ST ER

ﬁ‘ﬁﬁl, .ﬁ_z_:ﬁz, E,}.E%SA’ v #1*

URIGER AR S TR, i

A ARAS IR AO A 25 5 IR RS B, b

Se [ M K HUIRERBT TR (M), YT 5
WL R S50 85 5 B IR B, WL i

Weks H . 20224F3H4H; FHBEM: 20224F4H8H: KA HM: 20224F415H

H E

BEE RIRTSHIG B BENR, RV IRYS e IR BT ROAK IR SIG BT R A BRI AER A o SR
BHAR, N TRBEGEREAFTEER Y. SHERTMAL, EEERAFRERERD. NA/
8. BRI FMS . E45AIE, GHER. Wb RERA, RRNERERAEREREESREHAT
AL T IRTS Rt BRI L TAE A, STEMIEARFE., FHE7E. MARSARRE RETERM
Wig. Bl RPEERE LSRN AR IIEVIEER, BRI BB EAMGE R RS JEER
R “38” ARG ER LRI AR

XA
BVEIRG S, JENEER, HREE

Review of Empirical Models in
Agricultural Non-Point Source
Pollution Simulation

Ziyu Zhu!, Hongkun Huang?, Guangming Tian34, Ping Fang!*

'College of Environmental Science and Engineering, Tongji University, Shanghai

*Rural Energy and Environment Agency, Ministry of Agriculture and Rural Affairs, Beijing
3Organic Recycling Research Institute (Suzhou) of China Agricultural University, Suzhou Jiangsu
*College of Environmental & Resource Sciences, Zhejiang University, Hangzhou Zhejiang

Received: Mar. 4th, 2022; accepted: Apr. 8th, 2022; published: Apr. 15‘h, 2022

AR

SCESIA: RAKE, BEM, HOEH], J7EE. AR IHRTS G S AU BT SRR ). R AW, 2022, 11(2):
210-219. DOI: 10.12677/gser.2022.112022


http://www.hanspub.org/journal/gser
https://doi.org/10.12677/gser.2022.112022
https://doi.org/10.12677/gser.2022.112022
http://www.hanspub.org

KEME 55

Abstract

Agricultural non-point source pollution has arisen an increasing concentration in terms of aquatic
pollution management with the enhancement of point source pollution control. Accurate calcula-
tion of pollution loads using models is of great significance to watershed integrated management.
Compared with physical-based models, empirical models feature a low demand of data, simple
application and good adaptability. Several empirical models have been applied in agricultural
non-point source pollution management, e.g., statistical model, export coefficient model (ECM),
rainfall difference method and hydrograph separation method, whose basic principles, calculation
method, application limitations and future prospects are elaborated and discussed in this review.
ECM is the most widely used empirical model now, but it is still limited by data accuracy and esti-
mation scale. The combination of empirical models and “3S” technology is the current research hot
spot.
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AR Tl S R IR, AR A T e TR TR LY, 705 P A X
SRR AT o TS BT R IR B BRI, T FIARR . k) 2 &%
ALY 2 26 2 WM A SRR IR 005 K, Rt FRATE A A LT 25 7 0 E S RPA 1], (5 Ik e Y5
AR SR, MCETAE. B AURL B IS R R, A IHERCR S ) b R HE R
509, 4790F1 67% [2]. AELHFH I AT, ARG He BN . LKD), ik
RERTBVLHERE I RE T2 M, HRIAONRH I LTSS M B @RS R HE, S5
b 1 BRI BT3RS AT RS UOAL S BB RON 52 . (LRI A VR
(TS B OV AR AR @ JESh, BRI, KR AR, K e M TS e %
i

AR TETIRTS e R VBTSSR A LTS e 38, RS 75 WL
R AOHLEI, X T RS Yo TS Y B I A). Bk, WTIR. HERS Ao
PEIRIS R S0, REF SRR IR TR AT, s TR TR L, RIMEEZHES
R ZEA TR IOBOR BT, F A (05 5054 T FUR R 5 LRI, 12 50 7 R B
BLFZ, (B4 SR RO VA IR, (TR AR B, R BEA,
BUBBCRE B, A, ST SR PERORAN, A LAYEROR RO % RO REIFRLF . 6T S,
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2. ERISHRZHEAENEBRBIHR
21 GitiRR

GET R R T e R DA AR, AL A A G T T VR SRR Y . X AR T
AR - e R, BRBRR R, BRI (HRAESERRNL R, GE TR R AR K R A S it M 0 KA
BATSCE, R HARE S O N 3mSR AR R A, —AE M F/ME . R PRIk [5]. geit e
i TR R D B S R T AR R, BRI R BRI T e Y A e R b, 3T

P V0B W e A8 Sk P U S 3RS
RS F AR — M, HLUE RIS R i R SR R MK R

Y, =S, -ER Y, @

K@ Y 0TSRRI ST S HURA EEEREIE | M RIS R ER S5 0 AT R
Yot s SR, R R ST i B i P AR Vb s A s R, SRS IR RS B EE, Y,
ORI T I B A (b b B . XTI R E T AR TS A, Sis M ER AEAE B/ H AL
2P RS [O10 RIS AT 21 AT AN B R R 5~6 STt KIVIE], TS5 ge e - Jeid
REHATH RN, IR B R REEAE 0.9 L b BEIMZHTFT e vb B NS Y fitar (AR S VR LT
HAR R A 1 HLIREERT - AR R P RO, ORI 2E RE 75 B T B A I 18] 25 B2 1A T 5t e 97 i 545
URAN, X FRIKTRH S S RN T RS R R P B, SRR il T A2 B s R

2.2. W ARFRE

2.2.1. BHAtmH R BUEE K i
btthag 70 AR, EANEE AR R BRI S E E IR R IOEHE, B IFN A TS A
T AR5 G A7 g () REL R, B ) 2R H0B 78 (Export Coefficient Model, ECM). H—f&k & ik R N:

L=EA @
i=1
A@)F: L, My atmtis; B, 50 LRIy 2586 A, B i PR A

AR o

it 2R BRI 2 AN () 3t R P S R O3 R SR S e e, PRSI TSR . XA IE A TR
FUSHIRI LA i 4E), BT AR A e, 1 0= T ) S M N [5]. AN [ Ay
FEQMBTE SR, RSO, PRI AR AEE 2 2257, DR T 2R 800 A AR St A D0 EAT DI ST AR B . 1K
0 5 4 L AR O (A R 22 R 1) bR 2RI A SRR, RS TR M, AN
REUEY) . AFEBHET A5 A H B ZRK 2) s OmIF A B2 S T R R R, B
FEERMBUMZELT]; 3) ZIEBCA B BEIK I AT I o 15 Y5 SN/ 2 18] (4 B 2 ANR] 4 234 2
XPARRUNE B BORREN . 75 NGB0 2% 0P R B R X, K% AE R 2%, St RECA Btfie, B
M1 75923 31— %€ PR [8] -

Johnes SE KL & M TSI RN 18, ot 1 7300t R B [9]. S AR SRAED . & & A
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AT KA ER DTS, O R R G R T AR RIS R R RIR .

L:iE{A(hﬂ+P (3-1)
P =caQ (3-2)
E, = D,, xH x365xM xBxR xC (3-3)

K@) B, & i MR 280G AL 5 AR AR A . NGRS 1, B S g
BNE; P, BEWEIA: Q, MERUBHERERLE], AR ARE. En ANHRRKTGRWAT; Do &
NBGS G gt H, WA AL M, J5KAAEEERE s R 5k 2% B, i5/KAL LR
TTRMENERREG Ry WIRE TSI E R C, R A MR I B ) 2 B R EL

o HH A SRR B R A B B oG BE TAR . XTI B AT KR, 3R T — RAE
BAEBER. RN L AL, B0 T, AR EREA . SREAE, WETEAR
GHiE R [ AT R R B LW A A [10] [11] [12]. FE N H RTEBUE AT 1S E 1A 5 — IR
S IR A S G A A S HE S R T

DFEASR] L0 F SR e tH AR B 1 E AT B SO LR L. 1) MRAEEF AP ZBSEIG, i E &
BRAETG R 2) I R R A 5 3) TINS5 TR S B4 5 - A A
KM FR; 4) X b 3toR] I SRAL )/ il s I Kol ) & BRANHE[13] [14]

BHEE N [IS]E A K (L /NS FE 1A R SRR TR fan i e . b IFERT 7L XA 15 A
3 e I T T RO B, FE M TIX 15 AKX oAb A PSR R R AR, #E4T 2 e Iml e, 45 R A&
PRI RIRAEH, M, B R BRI . I AR B ORRE AU R
FE IO i R BGRAE AT Ok, RIS N e B IR S A R R &R, R R L RS
H AR FCLLER[16]; AR E % T AR S B A AR e B ™ AR B [17]; BRSO 15K
WP J5 2% BT AN R B HR S R A[18]; TS R A AR X T 5 e S far A BT 2R A B[ 19] s B TR AN &
TORWFRA W TR S R IR T E R SRR [20] [21]; EFR AW 5 S AT 18 Nt
BEAT SEHCRFE M BT, S fL AR, B IRE MR R, R SR IR HEU 2 R A RFAIE[22] -

2.2.2. NSRRI E

X5 YA SR Ao R R B A B AT RS S ASERF 2 AR MO AR A S P o ) — A EE R
Mo xfitk, WEFCHERECT 2RO, USRS IR . 8 LI VR LS AR AT R A Ak FE R R
ERNTES (8

Soranno %5 A\ [23] Tl |1 22 B4 i g i b, Sk R BT T o, AR R

L= fA TP 4)

m n
i it

i=1 p=1

X@F: L, BB m, BHORIREEREH; n, K BR FRE N R ECH s p, 25 % 15240
IR RS (LRI RS 2 H R AE): i, 58 1 25 R I A BiE s R 8 A B8 1 BRI 2R 332
KRRy p LR T, A RE(0<T <1), FoRIERTmARL AL H B 22 T — FAs i Ar S
o]Eati7p

AR GIS T HCRAIT 78 IX 38 73 A T AR — B RRE 5 B8 1 i H VRURH 32 M 7Kk Ak 2 1R) B R 8 o
RAFEY; R Y i g 37 R Y T AR A ) B AR R OG R, SEAT A SERR AR A T e vb B RS AR B i
ST RGO/ R T DL o F B MR AR 38 ARIURE 25 A7 6 B FRY T 2 0, 1 08 DL
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fRASAEAE[24], JE# S5V BERAR O RIFAWBEARAE I, 125 Ui i FE U S i
4% B 45 [25] B0 057 Rz AR T S0 1 i AR BOE B Y (Improved  Export - Coefficient Model,
IECM), AT

L:i{agEi[A(li)]+P} (5-1)
a:Mi/M (5'2)
z:ymﬁ+q)=y@+a¢) (5-3)

XG)H: L, M yafita: B, BREMHREG A LR AR ISR, N 1,
EIFRIERINE; P, BEWHIN: o BERSEIET, E O UFERKE SRIEE S K ENIE: 2,
IR R R A, ORI DT Y5 Y S gy A s e e A R LA s M, SRR & Ry, ARiE
WRIBIR KT o, WIBERTEEG a, b ARFESEL AR R E .

AR SR G B R T B K A AR R TS G A (MR o BRI K R SR SO s, T BATH
RN SR R T o RIACAERAR R R AL A XA SR, SLABHIE FE 1 5] N SR ok RECR U,
RN R AL, JHRE SR s — RGBS . B E26]MTF R, AREKELET, BN
RBAFAE R 725, b RS Z8U I NI 2% 50 6 R 5 398 0 B 8, 3K T e 2 R Ay R A4 7 o e T = 4
M N 1 BRI . A TSI AR R IR K &5 NI R AT 35 M DG [27] [28]: AR R 440 |
MR HEACIR L ZE T BE R AT, (TSR I Ge Tt o A AR 7R RS X NI R A R 5 . 23
SR[29]SEHM B T B B ALARM A5 K I 24, 5 NI R HTIE, W& BREOCR T,
FEE—%Bh e, BEE RN, N REoE TR, XTEREUE b B SR . U [27]
IR AR TR I, N R GHE . W2, BRIR. IR E T W% B AR H T AR S R 3K 48
MK (p <0.01),

2.2.3. EIFSHIM RBRE

i R B T S HORIE E, IR O BRI R HE T RS A P . 7R T OROR R TR I A, T
TRT5 G2 B BAG 23 (AR S (0 22 Rl R KM [30]. BbAh, [—HORtt 245 R R . ORI A oo A 1
A ER R W Z R T S5 H[31]. Kk, B8 385 R £ 8 (Dynamic Export Coefficient
Model, DECM), LATRMTE GP7E AR IREE T (i 2548 J 4 [32] . HAKW T

L:iD(pCpi)[Bi(‘]i)] (6-1)
B, (J;) = f (land use, soil, slope, pcp) (6-2)

(@) L, i55WasE: Dipepy), 2B i NSRBI RH /L, BERTAFMBENE, pep, WA
RSN By, A8 0 ANHIES SR R OTTH A, HREE MR WE. ANDL EE IR R AR T
oA 3, B0 AN SERITTE RN, AEERER . R ZGALAE.

B ot bR FH S Y AR SO N PR TR e R AR R, A Gt RO R e T S R AT o B R
2 J2 R RS e (an ) TR I 5%, SR 5 8 R I TR] P9 7E 5088 5 ) b R P 2 TR RS B %A1 T TR0 T 1T
7, FHsz b, XEE— R AT RASREIR Bk £ . Worrall £1 Burt [33]7F Johnes 25 A fFERE =, R T
B B A sha s 25O R, KA

L=>A-E-L,+X A N,-e+R )
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X L BAKRE; Ay RAVEREMES | FERRIHEE No, BFFPESE 1 FERRAR; oo BRX
B R, VIREERRIAKARISRG By S0 MYSHEER AR5 L S RS R AR .
BB R AR E IRV R kA, BN

L:ZAi'Ei'|i+ZAj'No'e%j+R—|pZAk-e”‘k (8)

K@) P: Ao H kK FERENFEIRIEA; 1, XAFEMAERAE: o AHLRRRPERE L.

Worrall 55 N AT 7t 58 A 5 S - R P T AR X3 PR T 5 e 0t W E AR A VE B S e AT BB )
RJZ 25 om HIRAAS - FNRIKERR, WEZFENZED TR 28R AR BRI & 5 R A 25
ARG IS BRI R A

23 BMEBEEZESREREEEE

T 3 VAT K SC KT A R AT DA S B T il i, X AR T RS G TR — AN B
MR BT 9T SR F B T = 22 (VA AR i & 22 (EVE (XRR /K L4 #13%,  hydrograph separation: method) X [ 5
15T (G F[5]

R Ry B 22 AEVE AT AN TR IR B R — AR RS G far 22 S Al ST VR DUk . 207V T DU R B 1)
HhRARITT G G A TR VRSN 2) ANHEA G PR BANG Je i ilE A 0L R, RS e fi
Ff AR ARE , 7R BRI ) RUBE P9 (B AR ) P £ 3) TS G g Bk B I ZetE sk 8, HLGRK
WA= A AR, TVRTS Gt R . AR [34]:

L=Ly+L,=f(P)+C (9-1)
La—Lg=f(Py)-f(P)=f(P,—P) (9-2)
K@ L, FRETIETG G0, Lopsr BTG QBT Losy BTG AT P, FEOKER: C, BTG4

il AL

NARE SO RBP4 T WS e g O 228, RITHNJRYS S Uikt 248,
A DR YRR B IR R . R ARSI e i 7 ARG OR AR, BTN 2 — IR (B4F)
TS G AT REAT R 5o

VR RS [7TE TR AU A 1991~1999 sk Faf /K B AL S Sl a6 MK R 2 (E st AT 1
ST ANTIO o BF 9SS 2 SR B A U B A K B 2, AT RO & (R? = 0.731),
I A A T SR A RO TS B, 5 IR AT

Tt 2 A I S A SR B O A B o TR AR IR 5 e ) R, Rl s e £ 20N
MR G PRI, 3l BERHRAIRE KSR S et B K 25, RT3 AU SR s e gy . A s

F[35]:
YcQ
L=K- 21 .Q (10-1)
30
i=1
L=L,+L, =L, +12L, (10-2)

ROy L, EFEAA Co 20 KIFEBEIREZ: Qi 2 1 IR iR Q, » /KM Bor it
B K, (A BN AR ARG Ly, ISR Ly SE RS L BiKIA 556
i o
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AR R ZEER, IR SRR R R 72 0 TAE, DRI B e B T RS Gy 57 IR Al 4
R BRI EEANSE, FEINEASE. BE, MO T HRE, E0vEE: BUEBE,
WIETHENBR, AHE HYSEP. #7iEik. BRI 5507k AR, @R TRUKRR, HREFERE A
KA B FER E [ AL 2R 1) 22 57 [36] [37]

AR RS TR TR R E R R 5 kAT T 0 B b . WL AR 1951~2000 4F F-H4ER K &R
FUKSCEDRY, b B, B B2 AT B AR AU S DU s T AR A EE . X TR B TR A
FH R KB R AU NG ) 51 RS 1 E s 505 e 0 A th AR AR TS G n R i . i A A,
PR ZE TS A AR SR U oK . X2 BROATE R AL X, W2 N, TR,
REERRAD, EZRW, WERRNARE T AIES5HEB]s Fit, fREEEEEES T 4R 3
LI (AR A A B [35] -

3. HitERE
3.1. &g

AL T TLA AN TS R SR TEHLIROR, REEATR AR, H507%, BRI
TSR T RUARI i€ . SEbH U LT 50075 SR A K SORHIE(EE (R IR R KR, 2l
PSR, PR ISIRA A SRR EAOMA, (RN SR T IR R AL, LB T NE R
o 0t R BOBRE SR B RS ST, KA R PR IS TEATREAIM . 3
T LI R R (042 T S A ) R I . R IOV RTINSt
SR R R BRI ST o W R/ 2 P RSB XK SR A3 8 M0 45143
B, TSR TS R SR 0073, B TR AR AR, PTLAZESE AR A2 o LA
b REER, RTTIR R ST W L 5. AR ik, PR SRR 22 1.

Table 1. An overview of calculation methods, applications and limitations of empirical models in Agricultural non-point
source pollution simulation

1 BRRIERSREEFRNIEEENTHESE. NRBERMREIE

FEHL AR R R RES IVAEE B 32 FH BRE il RPN
TSR e ER TSGR EER 2T RmE KRB X T

iR PEESHMIS il BRIRFERTTS WKTEH . &b &/ [5]
R, EEILIEATE At PO 32 A PR e [X I ™ A

T TR (VG , 58
WRIEA LRI UL, AR
AR BTSN SRV R s U
S
HHEARFEGENE EHTASEEFEE. £ BB SA T HREN
FEmEZEEE MR EEIF SAFREMNREERN  EZEATLURM, ERbrisf [11] [34]
FESLIR A TTE piTkE AR B Ao 150

LR TS
M2 15 e B

i R BN AR S 44 K5
BRI T R BOER, FEKR [5][11] [32]
RS S

ot AR R

EHTACHEEEE A AEH TR, 25

R ZEE B ks %éé?%?l;gﬁﬁiﬂﬁ &Hﬁfﬂf?ﬁdiﬁﬁ%ﬂﬁ%ﬂﬁiﬂﬂ 7

ISR Suo)

PO IS A A S AR LB R e F [ AS 2 7 B . AIHLERBRUM b, EJR PR, Pk
Hi R B, R R ARG, (HAESKbris I A MR . g mt, JE0L
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