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UG 254 R AR RIS, LU T8 S X 4k &% %
P BT AR B T S AL TR, Sk, ARScdE S
FRAUL B RS, 36T SE AR R e v B F1 VFSMOD #57
WAL/ (BEREE)  E3&R (Ziziphus jujube
Mill.) 4718 2 FhEHs CHBKAR (Lotus corniculatus L.),
[ =™ (Triolium repens L.)) FEfZmh kBN £ KZE
(6—9 HED Py# T3 = 5= YRR E . BBl
FRFEHRE 2 FiAE B LI B A S TS 4 S 5
FI 22 L, RIT VESMOD A5 R 7 7R [R] B i A A 8
A KT A R RSE A, DA A v D R el AT A A
B B (10 B AR AR L TN T ) 5

1 MRS

1.1 REHE

AR LG LE B 76 44 #% X P LR AR K 28 B XK
PNV R BEHEAT, U4+ (USDA 73 2Kkx
e B, HEEREN 1.35~1.40 glem®. RIARTD
Xarh 23 D BWM-AERHESRR/IX: 2) it
T/NX o A A A RN XK X5 X RN 1.4 mx
0.8 mx0.8 m, MR /INX K X FE X &4 0.8 mx0.8 mx
0.8 m. Al—uide A ERME, M THImAR. DU
(B 1. T 2010 4F 6 H T4 0 /N X RIEAEIH, JLdHaT
TIEARKTIHRMRE G ER 8 mm i, KR
B AR ER. T 2011 4E 5 H, A4
WRARR/NN EFXEE (0.8 m) fhbakh, #ik 18
AU AL ) = I8 B 1« A2 HARI/NX R 77 (0.6 m)
TR, %08 15 o/m?® (55 B3 SIHUE BOFF . AR SRl N
= AT E KRR, 2 Fh Rk %A B 3 MR/ NX AR A E A .
X TR AR /NX, AAE 0 XSRS R T .
PG, EEKEEE, HdiEiE s R/ X
XA (0.8 m) YU HARRRFTE ZFN X N R
T AR AR B A —

Bl KEEARETEE
Fig.1 Layout of experimental plots

RGP — &4 Bl 0N LRSI 35 77
A, B REEVEEDN 0.3~2.8 mm/min, BEFEE 4 m,
FERNI S ERT 86%, MM EE 22 mm, [iHshEE
17.7 J(m*mm). FFRIREE T 2015 4EiEAT, ARYE I I
MALAERT 7S, ke 6 A AT TR, DFH
Bt MK, ZEFEE T, 6 HhH—8 H Mkt
T, St B, mmA RS E B TR K, 8
H R A G FFEE A SR E N B, ARG R %, @

S5 EBKE 2 FEHSE R R A AR, BERA
Ko FIHASGERMEAKF (6 H 1017 H), il
(7 H21—28 H), 5l (9 H 1—8 H) 3K HIHET A
TREMN, FI/NXHE RN 15°. I, $28/N.
K 2HE 3 I N TR RS, Wk 738 1.0, 1.2
A1 15 mm/min, FERTFIEFIN 60 mine BEKFEM TR
INX SRR S KRB HI(E 0.26~0.29 2 J8], HH R A
HEAE 10 om mE. 5, AT 9 IRAN TN
I (3 MEKBHIX3 AR, BRI 7 MER/DNX (2
FAix3 EE+1 AR DXD . BRI
AR AR A 1 AR, @i & i e
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48 h, FIAFREIENEJe Vs . ARimd 2 MER R
WA BT K AR FERL : AU R A BIIK BRI AR/
Xremm SN ENE: s, RIRER SRR
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1.2 VFSMOD #&%!
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VFSMOD #ERI gh i n s B 2 Fros. A8 il 1 4%
NS, SRR I8 shiFib 3 MBI R
F ISR B IR NGB RS S, R e S
Green-Ampt J7 FE 15 PN A AR B IR NSRS OL. I
TR HORIE A B A 2, b5 B N AR B 42
it CRP BRIk AR I S = s L, it g Bk 7
FERR YA RS BRI R S . 52 R
BRWIE, WEAWESE BN EEER, FH
gty BT N A B A RV (R B RV, B
TEAFRHESE, @ HBEEE (Kentucky agorithm)
AR RN Bt . Jeibisshiisn] LUsid
XTHLTE S BME,  25 RE YR VD UTR UGS A By i A3
WIZBN IR BE o RSB RTBLRL B MY R b AR By
ENB, RIIBH SIS YT Rt i, f
i R EARE AR AR, BYREBEL (K 2,
VFSMOD #58 H G B R AE I A T00 AT 43 - e 38
PER S B S S IE S 5 2 K2R, RBP4
AR R ERR TS IR HEE R S8, R E 570
BERAITE, Ft SR S ET Y A
[HEES- AN
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B2 VFSMOD #A =& H
Fig.2 Schematic diagram of VFSMOD model
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Rt M NG S N B PR s AN A
YR & B VKSE . VKS F A48 ik, HIgRRE
URBUR /M DL LS S B BEAN AR B VK S SP397KF, Tt
SRR 22 M S TR 3 s by, i e sk 6™, prel,
HAAH VFSMOD #8#% 5E i 72 , %52 K FH GMCS(global
multilevel coordinate search) H ik, HIEYIA & /K EH
B N AT SN 345, OS Al SAV I B b K 1A K e 5 4=
AR s R A T A S R R AN (]
Ja 3 OS 1 SAV 2 5, HMGE [F— 54 OS, SAV
7 3K (6—9 H) WA, 9 HH a4 4s
W, EEHTIEAERAN RN X IEEE 3 ), H
M0 & OS, B.OHLEAI B savi,

AR A AR KOIRAS S8 B HE B SR IR 2 TR
F£ (filter media Manning’s roughness, VN). #Hl 5  k&
¥ (bare surface Manning's roughness, VN2). Hiik 24T
] #E (stem spacing, SS) FHAE Bty & 5 KEfE (strip Manning's
roughness, RNA) %5, i — & xF TR S A BUR, ik
KRR HE A o AR () B ol R A K B 00 gl A KORES
%53 FEARPUE SS AT RNA X 2 &% M, A
ANV AR AR AR /X P, S50 &9 R F 4% E 17 SS Al
RNA {f. SSH Tt

ss= 10 (D
DS

R D AZEFFEE (BRim?), M EKI ISR Z G
Wi, MR/ BN 3 M7 (20 cmx20 cm),
BOP AR Az X DsfE -

RNA Hi R 5.
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1 =
V=———R3.4S (2)
RNA Vs

APV RO AR R N KRR, mis; AFCPE R A L
PR R EREIN & R AKIIF AR, ALBOUKIRIREE, H
BmEAARR ST EAR, my SOUNE, TTEN.

TV FHES B BV IR X FLBRE, f e
PRI, BNRIPIRIESS . VDI X FLIR R R
Ve VD AE A BT R 7 TR T B HEAR X 3 1) 3 A LR
FERUER K 0.43. % G RL T (Malvern Instruments,
Malvern, England) X #p 423 /N X A I EE1S 21 176
W TR AT, A3 R RAE DGR
BIZA TR SR SRR SR, RS R
NVBVDIREE (&R SR AAE K R R & B IR . AN
A A KA AN B R AR B0 SS, RNA AT VKS BUE 1B I I
* 1, BRHANSHE CIBUEIC S W% 2.

F1 TREMMEKATEIETEMESHINEMSE
Tablel Meansand standard deviation of main soil physical
parameters of different grass species at each development period

A e i

TROM e O

i AR SAE g 2R

Grass  Development ~ Sauaedsol g o o Strip
species eriod Wate.r . stem spacing anlng S
p conductivity Jem coefficient

J(cm-h™h I(sm™%)
= M6/ 10H—17 ) 3784013 1204006 045+005
White #1(7 421 H—28 H) 3664018 0374002 075+0.11
dover = (9fF1H-—8M) 316+011 0344003 061+006
i (610 H—17 F) 3174007  134+007 036+012
Birdfoot (7 A 21 H—28 [1) 296+0.09 091+009  0.09+0.02
vefol = 9F1H—8H) 276+006 3074018 0.06+0.03

T FEAHON 3.
Note: Samples numbers: 3.

% 2 VFSMOD #EISHE X FEE
Table2 Parameters meanings and valuesin VFSMOD model

ZH AL YIEE R R Jivgc)
Parameters Unit Description Values
FWIDTH m BT 8 R 0.6
VL m B K 0.8
AV m ey oo 030 T ﬂ;(;;
ol Mo R LR Ak gﬂ;ﬁgﬂ;’%@
OS  wPm?  EHEABBEKE O o
SM m YT K 0
HE cm WO 10
cl g-cm® HNVRVD IR 0.014~0.051
VN som™®  EHHORKR B TR 0.012
VN2 sm Y3 P 2 RE R 0.02
NPART ToEN F 7RI RLAR 5y R ARED 1 (REFRZIO
POR ToEN VYD IAFAIX FLIG 0.434

e HARSH, Ol R RIREEE, R AR
Note: For other parameters such as maximum iterations, the recommended
values were applied.

1.3 REMERISERIEM BT 55
AR AR Z (D). H— ¥ H Rk =
(normalized root mean square error, NRMSE). 44 &%
(Nash coefficient, NE) 145 R 4% i 2 A e vb B LA
R .

D= PsgoxloO% 3

NRMSE:i- (4D
o)

n

D (P -0,
NE =1—i:1— (5)
Z(Om _Oi)z
i=1
it PAI O 4» SN FIE FISZIME ;. Py A1 OF NE i IRI%
FR PRI AN SZIE s n NS PR IREG O NMIIE 1A .
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FIF LSD 4t ab#E A 2 5 B % (o Y1 0.05)
1B B 23 #1  EXCEL (R2013) #1 MATLAB (R2014b)
5E, ERH ORIGIN (R8.0) A58 Hie

2 HBRERH

2.1 NEEME KRR AR R BRI

3K/~ VFSMOD BELALL % 1 B RN A2 28 BB A0 M 22
I AT DU HOE 5 SEME A B 4 K2 BB LT (54
N 51 37D, R R BRI R Z7E £ 10%LA K,
NE % T 0.9, NRMSE ¥ 6.2% (£ 3). A4 KA,
TR RURALRE B TC i B8k (] 3a).

i: BB. BZ. BH Ml A=nrtal. H. J5#: MB. MZ. MH 4318 H
JARRT. . JE: R

Note: BB, BZ and BH are early, middle and late period of white clover,
respectively; MB, MZ and MH are early, middle and late period of birdfoot
trefoil, respectively; Same as below.

B3 RRAERAAARIME
Fig.3 Runoff coefficient and its bias

®3 WARRARKMDERLIR

Table3 Modeling performance of runoff coefficient

and sediment yield
24 H— BRI ZE i R
Parameters NRMSE/% NE
12 Z % Runoff coefficient 6.2 0.93
7 ¥b & Sediment yield 415 0.82
1&1EJ5 7 7b & Modified sediment yield 10.9 0.98

FE: ABIE G BEBR 2 MR A K S 1.2 0 1.5 mm min™ {38 T 107290
HH .

Note: Modified sediment yield is obtained after excluding data of late
development period of birdfoot trefoil at rainfall intensity 1.2 and 1.5 mm min™.

2 PREHAE 3 ANPEM R AT A R EE 9.2%
(A=MAKRT, 1.2 mm/min 98 ~29.6% (/5 ki

ARSI, L5mm/min F58) 208 (& 4). FERsREN,
RO HEAR Y R E W RGN, 2R B TR K LA B I DA T
BRI . HEEEAEKNYT, A=z
MAIEZ/NT HHARALE (P<0.05), RILHHUTFH
PBERNFEE ROR . B A K IREAd, 2 FhEH 2 R0
BEIEL LT
2.2 AEEMEKEEEE =D EEIER

PV ERERE 5 S E b K Hm 2 o A il 5 B
TNo AR EARAL T BAR A AE K S ARV R, R
JE 1.2 F1 1.5 mm/min M58 ~, EIUEIIE 59 23.3 F
5439, SZMMEIE 5K 32.8 f1 9159, AR 2477
15 31 -28.8%F1-40.6% . A5 74 %if 7= b A ROR — %
NRMSE ik 41.5% (£ 3). Mk E AR AEK G 1.2

A1 15 mmymin 58 ) 6 7B REE, P20 il i %
KARIE +15%LA P (48 37 1) 40 3% F%F), NRMSE K
10.9%, NE X 0.98, Hfllgs R afkisly (€ 3), RHH
AN A KB R FCRR T SRR P PR AT

B4 RREEAEAKNPRALFAEILER
Fig.4 Simulated runoff coefficient at each development
period of different grass species

B 5 irF FaERARIME A A AR IR £
Fig.5 Comparison of measured and simulated sediment
yield and its bias

S RUBR T 2 R 3 R P v e AR K ARk
6 Fivn. BEAE NI, A2/ X b sy k.
H =B A K s A E AR, SR T AR K ET .
PL 1.2 mm/min R385, = AR EE AT S R B
AN 123, 83, 949, HMKMRAE KRS H
—HAEEAEIE, 3 AW MY RENEER (P>0.05).
ARRAK G- ERE P H S, BREST
A=A (P<0.05). KGR 1.5 mm/min W5E T,
KRR A EE = b Sk B i KB 915 9. AT UL, 2 PRECHT
[ =Y 2 il AR K AR A A — B

B 6 REEAEA KT BAIMLER
Fig.6 Simulated sediment yield at each devel opment
period of different grass species
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TE [ T 5 5 A 1 R 46 A 7K RS IR 2 AH T 11 T
T, A=A R BRI R EUN T A AR AR B (B 4,
R A = LI ECR, B S SR .
13 VKS. OS fl SAV S5 HEtE R 2 # il fe e S8 #
ERMFEEFRERN. A=MIRAKZ, RASMIREE
e, AR R AR FLER B R N, Holtham %5022
Wi A= AR, MARRMELS IR, B = AR
13 VKS. OS#l SAV ¥ KT HKIR (K 1AFE 2, H
FIT TN BEAEKE HIRE(, B Sk R % g
i EILRE NS (R Do mREER YRmm A
WX, BTN, ARV AE S TR, Bk
BRI E A W UTRE, S TIRFLM, 5l /e8hig
PAN SR T M. Hu 2000 5 103 - g Ji h [X 4 - 358
PR S KR AE H 4 ROBE 33 08N 7745 B R ABLE [
Deletic £ FIHLFIAR TRAVA Hi7 2 5 SREUA: B
TR 5K R B AR K AR E B, R I AN S K
REEMEBL N AFIFH VFSMOD R Z g i 55 T
TIEMMGKE, BREMULSGRE. F b, HEYENE
5 I e o R A K A AR AR 2 B T R SR R 451604, (B
H AT A H VFSMOD # A 47 A B Wi H A, i — A2
ZEMATE . 1 Munoz-Carpena el i A= By 55 B
i, oK AR KR E 8 0.6 mm/h,  Yang P78
= RV b e SR S = 70 R w1 S ) @
B K FR RNV B YW T BUE 43 ) [ S 8 mmvh,
0.463 F1 8.99 cm. DL Fft 5t ZUBE AN [] A By A AR K
N R R S, R g SR AT SR A7 B e
2o ZAE T B A 5 VAR RIS 2 1) A A B
AlREfR /N, TCVEBRIELE AN A K R SR15 0 ek it
Wb EE, B, ER R ERIR PR
3.2 HETGHERLTE

REAS 21 2 35 44 1) 0y — FROME W 78 25 1 DL, R
1M VFSMOD HE R & By P AN AR IRl By xof
T3 T VD R R SR BIAE X6 T SR K R R VD i A AT
PHESVE I, VFSMOD B AL ™ SEAILA T E kAR 9 H ik
P (B 5, HalREER TR : HIkR 9 H3EAK;
FREE, WA RERE, ERERRER TR,
M7 HIK—9 B¥], B BARE R ZEF-F I EE M 0.91 cm
EFE] 3.07 cm, B E T RECOKAEHE TR (R D,
A SE 19 A B KRR R AT Ok 2355 - 49 A 507 5
IR XU Vb SRR A - b7 2R A N e Vb A B A
H & RA IR, F2EJ Y, VFSMOD FEAY Hhsiay iy
AR A IR MR E N CAEE . BT e
W H G TR AR S B A ™ EARA T kR AL E
PRV W E YR B VFSMOD HE AR A L b iy
ST VD L IR RO, AR R H 8 Fiukik
gerh, RERURDLR 22 ik —26.4%. Yt BN ] VFSMOD
TR MU 5 A OIR I A 22 B AR AT ) P Vb B
MERA R H B R AR i, N8 A SE PR

RILE VFSMOD #ERUE s R A5, S BB = S A
B b B2 i % 2 i A O ) - 35 AR kA A
(MUSLE) % 75 | & &AM DIREME, JRHX
ARV RIE S VFSMOD A5 1 T 527 I v 4 H =
A, T AR ARV AR, X — e R R
1IET VFSMOD #i i 2 . ABF IR EW, fEHEAK
ROV ZE R E BT, HEREE AT IE.

AR [ = AR VD AR T A KOR Ab 2
(B 6), FIAF R AE B Jeybid 8RR AR E B B 22
Fo X—R5UEN R —8, 40 Lambrechts £
X EE = BN S BRI 2 AR BRI B e
ZrnE, HMAKETEMEIAFLLES . XU
BB PR BN W AR By BB R R R . Al
T KRR A 38 A K S AR R E B R A IR R B U
FPUERTA=SEAER —. HMERES: B
Jdo, A=A RE TR, EMFEER, W mARE
MR, A=mAKPEH (7 A NEA—9 A LA 2
FEFR8 (A1 PR B R R B, e 2 o REH IR (R D,
HE5HRAESGFEREZS, AR RS T,
JeVP VTR AN . Lambrechts 2614t Y 52 51| B S 541 = H- 55
(B By ZEAT S 38 (B PR DA R TR 2 TR AR R
5, IR 2 MEA T EARNZEERF . L
W T I ZE R, KR A ER I AR I R
KT H=MAAE (B 4. fERTED MR, 2R
B KSSERYDHRHE LT, X2 2 MAeRER T E
ZRE A —HEE . UERIH VFSMOD FE R A [ B
ARV RS B R IR, ZAEWRCE HIRE T
IR RIRASI Y, 2200 - SR SR 22 S oxh AE B H A
R, REACRMEZ BIH L. LRI RS A0
AR R AR A R, kA VFSMOD
R ARRHAS [R) BPf A A i R BT =YD ARAE R, B pE
SR ER I R 7 S S LB AR AARAE, AR R AL AR R
P,

VFSMOD #BE# e, 5 223 BT
3 em M, AEHF TR S R A R IR, R HERE
ENAERRER . HtmRmX T R2H0K, SEELE
SR, MMERMCEA) X EBREEALF, RN
Z R PR A R FFIE B AR Ko ORI I AR KRS 2
VFSMOD #534 HE Af AADL I [ 7 0 = VD B RT3, AR
T AR RIS SR O RIE . BREE R 9 Hil5:
GERIS, AREFE T VESMOD X A BEAR AR AR 22 48
£ 10%LAN, SR 2 2 B 7E 15%LLIN, 4
5 AR 7T 45 SR 2, 51 B 2% R AR [ B o A A K 3
AR, VFSMOD 548l s L3 i =i = v s s 1 L B
A RUF1E M.
3.3 BHH—LHMEMIEE

MRS T S RIS E R R E 4, fEREHL, Y,
Tl (X3 SEAFRF A E R AR LB F R,
AR TR RSN F B, R/ IAA R, FikE
BAEPEH R EWEIT T A ORI T IR VD R Ok
R, WAL R Byt L AR A T AR A SR A
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WBE . b, WK B, SRR 20
LS ORI RV RA RO, R A BT,
(R0 JUE Tt ¥ VFSMOD HUH T FLi
TR, AR B S SR % 4
SRR U1 2 B

4 £

ASCIE S ST AL, BEAT T A ] N =
TR A B 5 9 F thA)—9 H RS i v sh A
fiE. S5RRE, BEAAH HIRE, 2 Fiik i A HAR IR R
g Iy, A R A T D R S
Tt JERFRRRE, KR By A B T YD B e R AR
B, BESEIAE BT [ e AR Ry A B AR A N SR A A K
AR, R RO vb &35 02 /N H BR A Fab 2
(6 A R &SN (P<0.05).

VFSMOD #538 %6f A [7] Az By J AR A B J 1 3 T35 1
BTSRRI R, (H™E AR T H AR K G (9 A
A B E, REETERRE S RAE IR
12k HAMTE LR AR P Vb E TR . G Y
PR ZERFIEE . SRR 2 TR 3 24, VFSMOD
FRFRY 220 0 S ) B b B A K B R AR R 3 TR R D 2 Bl
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VFSM OD-based runoff and sediment yield ssimulation
on loess slope with vegetation filter strips

Pan Daili*, Zhao Xining*, Gao Xiaodong®, Song Yagian®, Wu Pute™*
(2. Institute of Soil and Water Conservation, Northwest A & F University, Yangling 712100, China;
2.College of Water Resources and Architectural Engineering, Northwest A & F University, Yangling 712100, China)

Abstract: The vegetation filter strip is an effective land management practice to reduce the runoff and sediment yield in the
sloping orchards in Loess Plateau, China. In the present paper, the feasibility of using vegetative filter strip model (VFSMOD)
as a tool to predict the runoff coefficient and sediment yield of vegetative filter strip was evaluated. The experiment was
carried out in Yangling, Shannxi. The loess soil was silt loam with bulk density of 1.35-1.40 g/cm®. Two kinds of plots
included jujube-grass plots (each was 1.4 min length, 0.8 m in width and 0.8 m in height) and jujube plots (each was 0.8 min
length, width and height). In 2011, a jujube (Ziziphus jujube Mill.) tree was planted in the center at 0.8 m away from the upper
boundary of the plots and grass was planted at the seeding rate of 15 g/m?in the center at 0.6 m away from the lower boundary
of the plots. Grass species were white clover (Triolium repens L.) and birdfoot trefoil (Lotus corniculatus L.) conjoined to
source areas. Each type of vegetative filter strip treatments had 3 replications. Simulated rainfalls were applied in 3
development periods (early, middle and late period) of the grass. In each period, 3 rainfal events with different intensities (1.0,
1.2 and 1.5 mm/min) and identical rainfall duration of 60 minutes were designed. The initial soil water content was 0.26-0.29
for all the rainfalls. Grass was cut to 10 cm in height before rainfall. Runoff from each plot was collected for runoff coefficient
(the ratio of runoff to rainfall) calculation and sediment yield measurement. Meanwhile, the VFSMOD model was used to
simulate the runoff coefficient and sediment yield. The results showed that the bias of runoff coefficient ssmulation was
between -10% and 10%. The Nash coefficient (NE) was higher than 0.9 and the normalized root mean square (NRMSE) was
6.2%. It indicated that the simulation was reliable for runoff. For the sediment yield, the model had the NRMSE of 41.5%. The
bias analysis showed that the large error occurred to the birdfoot trefail at the rainfal intensity of 1.2 and 1.5 mm/min. The
VFSMOD model underestimated the sediment yield of birdfoot trefoil filter strip in late September by 28.8% at 1.2 mm/min rainfall
intensity and 40.6% at 1.5 mm/min rainfall intensity. The large bias might be attributed to the poor growth status of birdfoot
trefoil vegetation filter strip in late September (the stem spacing of 3.07 cm) and poor coverage on the ground. Soil erosion
occurred inside the vegetation filter strip in this condition, which was contradicted with the assumption of VFSMOD on soil
erosion inside the vegetation filter strip. In the practice, the poor growth status at the storm season should be avoided since it
would lead to great sediment yield. Removing these values of birdfoot trefoil, the model had a better simulation with NRMSE
of 10.9% and NE of 0.98. Thus, the VFSMOD could well simulate the runoff and sediment yield of soil in the white clover
filter strips and the filter strips of birdfoot trefoil at the early and middle development periods. The simulated results showed
that the runoff coefficient increased during the development periods of the 2 grass species. The runoff coefficient was
9.2%-29.6%. The runoff coefficient increased with increasing the rainfall intensity, indicating the large rainfall may lead to big
runoff. At the same rainfall intensity and development period, the white clover had the lower runoff coefficient (P<0.05) than
the birdfoot trefail. It suggested that the former grass had the better runoff reduction effect after rainfall. The sediment yield of
the 2 species was different. At the early period, both were similar in sediment yield. At the late period, the sediment yield of
birdfoot trefoil was significantly higher than the white clover (P<0.05). Since the plot with the white clover filter strip had the
small runoff and sediment yield in September when rainfall occurs frequently in the loess plateau. Thus, it rather than the
birdfoot trefoil was probably suitable to use for filter strip in the loess plateau especialy in September.
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