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Simulation of the effects of level bench terraces on water erosion reduction in the

Loess Plateau based on the WEPP model

REN Kemeng'*, WEI Wei>* | ZHAO Xining*, FENG Tianjiao’, CHEN Die’

1 Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education, Northwest A&F University , Yangling
712100, China

2 State Key Laboratory of Urban and Regional Ecology ,Research Center for Eco-environmental Sciences ,Chinese Academy of Sciences , Bejjing 100085, China

3 Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China

4 Institute of Soil and Water Conservation, Chinese Academy of Sciences & Ministry of Water Resources, Yangling 712100, China

5 School of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: The Loess Plateau is the most heavily eroded area in China. It is thus significant to conduct reasonable micro-
landform re-establishment measures that can prevent and control soil and water loss. In this study, the WEPP model was
used to simulate the rainfall-erosion process at a hillslope scale. The major purpose was to analyze the characteristics of soil

erosion on different slopes and the effect of water loss reduction on two and three stages of level terraces (field widths of 1
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m, 1.5 m, and 2 m). The following results were captured. First, runoff and sediment yield increased with increasing
gradients and precipitation intensities, whereas runoff remained stable and sediment yield increased slowly with increasing
gradients before reaching a critical slope gradient (20°). Second, when the field widths increased, the regulation rates of
runoff increased from 6.5% to 61.2% and from 10.1% to 69.7% , under medium (1.0 mm/min) and strong (1.5 mm/min)
rainfall intensity, respectively. Level terraces with two stages and field width greater than 1.5 m captured less sediment than
the slopes. The regulation rates of sediment yield of the two- and three-stage level terraces increased from 1.1% to 68.8%
and from 1.4% to 82.3%, respectively. Third, in order to maximize the efficiency of sediment reduction, the table width of
level benches should be appropriately designed. When suffering from small (0.5 mm/min) , medium (1.0 mm/min) , and
strong (1.5 mm/min) rainfall, three-stage level terraces with field widths of 1.0 m (1.5 m two-stage level terrace) , 1.5 m,
and 2.0 m can play prominent roles in water erosion control. By using the WEPP model, the results of this study can provide

technical support for quantifying the efficiencies of engineering measures on soil conservation.

Key Words: WEPP model; slope gradient; level terrace; runoff; sediment yield; field width
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1.1 AR5 HESL

WFFE XA T H k48 58 P8 T e k7 488 (35°43'—35°46/ N, 104°27'—104°31'E) | B fX 16.1 km?, #E4K
1800—2200 m, %X J& T MAY Fy 2T 555 4 Fr bl DX/, kb > 5 R Bl =04 DX, F I <A 858 (1958
HE—2016 4F) AR TSR 6.8 °C ,FHTCRE 152 d, 3 H BRE% 2052 h, 4FE4FE/K i 386.3 mm, [N 32
e 7—9 A0y, HZRMW A8 K% 80 1649.0 mm , = F-IAXHBIE 72% , K 4r 5 B, % X 4 5
—, D A o E M R A AR IR AR AT A AR T /NX AT K 10 m, BB 26°, 3 )
VilREE , TR (1.22+0.04) o/cm’ , AEHE 5 N 50% , - BAHG N IR LY EE ( Peganum harmala) 2% HLEES
( Cymbaria dahurica) B /RZEMIEELL ( Heteropappus ) AP HE (Stipa bungeana) ,
1.2 BdRPEdT

WEPP BAEAL 5 K A e S 8 2 10 1 38R DAY 20 i i M X B 25 RO 22, WEPP 45
RUBATRTEE 4 A S, 3 9 A5 ST HIE SCAF | 38 SO R A B it S A

SAESCHIE T 2015—2016 4F S 3 [ 313X 11 (HOBO, USA) ML ¥ A1 [ 33 % 4l ( Vantage Pro2,
Davis, USA) B S , A H WEPP #5080 2 48 B2 (it 57 B 1 W o S0 A it ( BPCDG ) 2B iU SO, 7E
T BT B PR R B R AR 2K (single storm ) , T SHAR I 2 - 5 I B8 R WO RFAE 22 18 R /N3 (0.5 mm/min ) | A
AR (1.0 mm/min) KFI3R (1.5 mm/min) , FERI A 1 b,

eSO A A B) IR e A R ko | -SRI B RS U] ) A RUK 4% 5 R B I 3R 4
B D) TR EUE N IE ™ IR R e R A S

&1 WEPP BB i+
Table 1  Soil properties in WEPP model

- g i g 4 - FHES 72 e o
LR RoHL A Wik BT A i o PRk HEAR
Soil depth/cm Sand content/% Clay content/ % Organic content/ % . enang Rock content/%

capacity/ ( mmol/kg)
0—10 24.0 9.7 2.0 9.9 0.0
10—20 19.7 9.7 1.6 6.8 0.0
20—40 17.4 10.0 1.4 6.7 0.0

H I SCAE ARG IR0 /N X SE BRI AR, 158 B U AR /N X B 26° 35K 10 m; KB AR i /N X 3t 260,
Yt 10 m, KBy ST FEE 1.3 m, FEEEN S0 i B A R HIE 444 R BRI 10 m, 3B 43001 5°
10°,15°,20° ,25° 30° [P35 1T 5 JE T A [l K B & 10 T8 5, &2 o 35 K T3R8 B | 150 B AS [R) 7K1 B A DL
%% 20

F2  KEMMERIT

Table 2 Specification of Level terrace design

FEsh 2 SR TSI 8 B LR 35 o S8 3 B
Sample plot types Slope length/m Riser slope/® Field width/m Riser height/m Riser width/m
Z BBy 10 45 1.0 2.5 25
Two-stage level terrace 1.5 2.1 2.1

2.0 1.8 1.8
=HKFBr 10 45 1.0 1.6 1.6
Three-stage level terrace 1.5 1.2 1.2

2.0 0.8 0.8
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Table 3  Biological characteristics parameters of Caraganamicrophylla

2 Fi Kl
Parameters Caragana microphylla  Sources

PR AL Biomass energy ratio/ (kg/MJ) 5 I o [R] SAL
1THE Plant space in—row/cm 250 T B

HEY K A2 Optimal temperature for plant growth/ (°C) 20 AP A At [24)
FEPIE 1 F A KBS R Maximum temperature that the growth of a perennial crop/ (C) 46 2 42 124

JH R %L Radiation extinction coefficient 0.47 Xl 21250

FEHL Stem diameter/cm 1.2 B £

#E 5 Canopy height/cm 100 FE W A

F R H B Maximum leaf area index L5 SRS
kA6 EL Harvest index/% 75 2 77 44526

MR Root depth/cm 250 2 42 2]
R EE Root to shoot ratio/ % 550 A P A A2
T W4 Maximum root mass for a perennial crop/ (kg/m?) 0.37 gk kAR

1.3 WEPP fALEfTHLIE

WEPP A5 A& —Fh 3 T2 phad R AR, H3 11 MU WEPP A5 o $5 AR A5 AR | BEDLK P B st
W 5 1T BRI 1 22 o SRR A I ) TR T 4 A0 R T R AR 9 TRk, A0 TR 42
Tl T 8 o e RT3 T AN B A T R S RS A e 5 0 VA (R TS 20 7 P M T R AR Rk s R TR Y
1R, WEPP SR AR JE VD S8 B S Ie V42 3l , MK BT U1 R Tl 5 - 485 9] 7, HL v %)
TRV IR GE T, Iz s Fe o 3 5 M ib S/ N FIRIDSAL AE e, ADTRGS AR 210
1.4 BRSNS R bR

K Fl Nash-Sutcliffe 0% 250 (NSE ) FIHiE R R ) X SHGHATRAE, NSE AT HEA A .

z (01 - PL) g
NSE=1-"" (1)
Z (OL - 6) ?
K, 0, KSEIE ; P, RBME; 0 S SEUME A TF-2ME . 24 NSE>0.5 I, 7T LAIA Sy WEPP 55 (4 45 40 25 5

ﬁﬁ%ml] o
P R R R (A ILEE) 2 ImlE T RS P BE A — > B i, IUEVE D 0—1, 5 RO 1, 3 7R 5
{E-55 PEMEAR S Py

”ZPiOi - ZOizPi
R = 2 2 2)
nY 0’ -(X0,) x/nY P -(XP)

T AR KT B SR TR VS ISR L, 23 05 AR ORI VD PR RS BT A A

Tl P FE ) A AT T B AR T AR I A /A8 A 7 20256 7 U 8] 7 3R A e A it ) 7 v e A
XX B A T U R AR 3, TR AR
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C, =— (4)

K€, [ C IR IIEAR( %) FIRIP WA (%) s W, W, 53 52 IR it 5 A0 JFCR I T A9 A2 i & (mm )
G, .G, R PR 1 i e AN PR 3 1 %) 7= Vb i (1/hm? )

T R £ 1 TE R AR £, 5 I £ I TE R b i AR UR

0.1(G, - G,)
b=

o D OB B SRR (keg/m®) 6. G, 5 FIR—E L AT YERE (m)
1.5 BRI AR R R

2015 4EA1 2016 4EA K5 (5.1—10.31) /K 543 514 320.8 .156.8 mm , W B HHHE SEFE M S 4F 130 &Ik,
Hrbg R K 1 R G BRI S 21 3 (RS AN T | B R 1 o /N B R HE 7 5 W 3 5 R 40
Gy R —4, AL BEML B — 4 Ok 3R s UE Pk A AR T A2 /N O I S G TR RS IE,
M 1a 1e AT RIFEE /N XAR I & A= P05 1Y NSE 4351124 0.90,0.77, &1 1b  1d Bk /) X A2 it 2 7 10 433
40.79 F10.63, UL EHRIUZE 545 s NUUE R R & , T /NX AR s A=Y & i R3990 0.92,0.81, 55iF
INK AR RV R R 5502k 0.82 F10.78 , BEAUUA 15 SCINE 00 A FE R4, BT R A A A SC, Rtk WEPP

(5)

L5r 1.5 r b
a
°
g g
£ 10 F = 10 r
I & I &
%= 2 = 2
2 Rl
=3 =3
= B =
E 05f E 05t
s »=0.90x +0.01 g y=0.67x +0.09
R*=0.92 R>=0.82
NSE =0.90 NSE=0.79
° ®
0 1 L ) o0 L® 1 1 )
0 0.5 1.0 1.5 0 0.5 1.0 1.5
FAR I F RN
Observed runoff /mm Observed runoff /mm
0.20
o~ 1.00 ¢ o d
£ ‘ . £
5 o 5 015t
< T 0.65x +0.04 g 1.0x +0.02
< y=0.65x+0. N y=1.0x+0.
@% R =081 3'@% R2=0.78
L> NSE =0.77 g5 010 f NSE = 0.63
=5 *° 2
®E L ®E
3 3
2 2
g 025 g 0051
< <
E =
E £
w2 v
0 1 1 1 ] O 1 1 1 ]
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S =YD R 2P 7= b
Observed sediment yield/(X 107't/hm?) Observed sediment yield/(X 107't/hm?)

E1 TESEERELERWIE
Fig.1 Validation of soil parameter of WEPP
a. FE/NXART XTI ;b WU/ XARFEXT L e, FE /N X R MEEXT L d. B00E/ X 45821l 5 X L ; NSE 24 Nash—Sutcliffe 0% 5
., WEPP; /K il 45 | Water Erosion Prediction Project
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T RIS SR AT LA S Wl IR ) SEBR TS DL . e LIRS B E SR IR 4,

F4 WEPP R G TIESH
Table 4 Soil parameters in WEPP model

2 A9 7 A o Ay AT Pl Il 541 AROK KRR
P, é rors Interill erodibility/ Rill erodibility/ Critical shear Effective hydraulic
arameters (kgsm™) (s/m) stress/Pa conductivity/ (mm/h)
2%
HH 6.995x10° 0.026 3.5 12.2

Parameter values

HEHIE WEPP AR AR LK B B9 S0, XA 5K SE AR i /N X R AT AL UL 6 E , B PR 2 R0 AR i o = 70
TR AL R0 S 0 e o 2500 314 0.80 F10.87 ,NSE 47 0.72 Fi10.60 , 75 BRI AT L) A5 %5 S sk - B i 7K SC

12 ¢
0.5
»=0.99x +0.04
10+ R2=0.80 ° b
NSE =0.72 04 F

BopL b B

L EDEESih
Simulated runoff/mm
Simulated sediment yield/(x10™'t/hm?)

02 r
y=1.14x+0.03
R>=0.87
0.1 NSE =0.60
L)
0 LS L 1 L 1 1 0 h 1 1 L )
0 0.2 0.4 0.6 0.8 1.0 0 0.1 0.2 0.3 0.4
BRI Sl 7= bk
Observed runoff/mm Observed sediment yield/(x107't/hm?)

B2 WIEKEMARE

Fig.2 Validate the effectiveness of level terrace

2 #HR

2.1 AR U e AR Y S

K WEPP SRS 230 10 /N DX AS [R 34 B T %) = S84 Db A, Ay A LT o 5 b % i 2 (3L B A 3
ML 3a BTN, ] —FR SR AR, A2 U0 0 Bl 3 B () 20 4 n 2 3 3 B3 B KT 20° J5 , AR I EAS AR 1R, £
FRRRE . MAEAFRNSR T 7K 43k S sR A B (/N T 20°) 22 0F b, HAE/NI SR B, A2 3 f 3 I A W i
BT 1.9 4% b KRR AR S A SN T 1.2 A% 11 A%, Ak, BT 3b RL g v e B R R,
TS (HIE IR REH AR —2, Y N 525 B 100, A FI SR R B Vb s i L o N BR R Y
FEVPREIN T 4.7 £, BA00E K, 1 ISR AR T 2.6 £i% 2.1 %, 7E 20° LA L, PRV ik g%, AR
A% 1 e,
2.2 K RIS X AR ok A R 4 A

JKF-B 15 T80 B B2 AT A R4 T RELED , R I S 5 7K ST B 65 T 50 32 X0 A8 A R 2 gV T, AR A0 DA it | 35 B
FRWIGFEIEBE 200 (AT 2 AR /N XM BG4, H ek T A /1N X5 0 ) /N IXORSE AR R] K ST B jies T 1
AL,

BN A T TR S BT LI AR (1 4) . AE/NREE (0.5 mm/min) I A T ARBE T, AKSE B A
Wit & T 55 BE N T m BEINE] 2 m, BT IRES M 31.9% N5 61.2% , 45 S = Wi, 2R i i % M 49.4%
BN 69.7% ; IR (1 mm/min) B, 680 55 B 1 m BEI05] 2 m, Z B 1= 7K S B 0042 0 8 455 358 4 ) DA
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& 0.5mm/min A 1.0Omm/min ® [.5mm/min

y=25.82In(x) - 31.02

60 ¢
75 b ] o
£
= 50 f
70 y=3.26In(x - 2.65) + 64.88 =
E 65| S 40t
= > y=15.69In(x) - 22.00
s T y=3.26In(x - 2.64) +34.91 2 30 L
2 45 g
| //Ax_‘ & 20 f
@ 1 y=3.26In(x - 3.64)+5.17 o y=536ln(x) - 9.24
15 } E 10
10+ ./'/—’"’_’——‘ /’/s/"/‘———’
5 1 1 1 1 1 1 0 'S I 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Y Slope/(°)
B3 FEMRETHETLI =R~ HHm

Fig.3 Effects of slope on runoff and sediment yield under different rainfall intensity

10.9% 35 1M%] 20.9% ,16.8% 34 /M%) 23.8% ; KFH5E (1.5 mm/min) I, G 6N 1 m BA0E] 2 m, Z B FI =K
KB AR TR 4 RN 6.5% 3 M E] 12.6% ,10. 1% M 14.3% , & RS, 72 AR SCR ML, 5 —HMKF

WA LL , =B K- Bl SEA R D AR i

¥ & Runofff/mm
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7

4

12 & Runofff/mm

FEUb Tk L 4 TN KT L5810 A
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LR 4]
B2 2F
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e
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|
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|

.0
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bR
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Pibl
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0 1.0 1.5 2.0
1.5mm/min
0 1.0 1.5 2.0

B4 FEFMETERZDEEREXENAEHEL

Fig.4 Effects of level terrace specificationon runoff and sediment yield under different rainfall intensities
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HME 2 m BF PRV IR DI 8.4% 1 N3 68.8% ,53% 34N 82.3% ; ISR, AKF-Kr 5 1 T8 BEAE 1
m I, KB P v i AR I 18.9% 1 21.0% , Y B T G5 JE N 1.5 m BRI/ 7= b | Y v
PRI BN 8. 1% INE] 21.7% ,1.1%3EINF 12.7% 1 =B 7K-F-BY2EAS ] £ 1 5 B2 s 25 7 DAk 20 7= v i,
JEEIE N 1.7%—82.3% .,
2.3 KOEBASE AT £ 58 B AR R R4 3035 % H

PRV AL SR A LS A AR S v FE/NI SR AT, = B K B AS TR 15 5 9 B 5 S VD i
VA B ARk 1 B A A 5 58 02 1.5 m B 5007 15 SEk YD iR B KAE 0.13 kg/m?’ 5 HRRSRES , — 7K P
BYEES S0 1.5 m BHFIRAR B EIe Y VB, BLAE 2 m &5 S5 50 5 S b i A 85 KM 0.14 kg/m’, =
B K F-B 7 & T Y0 1.5 m B B B SEss v S IR B0 1.9 £ s KNSR, Bk P-Ffe 2 m & Sl i
PN 5 TR P EE R T 1.5 m 5 58 B 5 TR0V i 1 =B KR £ I TE B 1 m B 5 SEIR D £ R 0.
02 kg/m’, Bifi %5 {5 11 58 B A I, HSCRBIB W IR B, 76 5 98 2 m B B4 5 FE8D LA B i K AH 0.3 kg/m’

x5 AEMEHKEMBELATRIDE

Table 5 Sediment reductions of unit field width under different standards of the level terrace

[EE: FEH2 R AL ‘ F%'ﬁ o Lﬂ@ﬁiﬁdmi .
Rainfall intensity Field widths Sediment yield Sediment reductions of unit
/(mm/min) Sample plot types /m /(t/hm?) field width/(x10 ke/m?)
0.5 Wi / 6.9 /

ZBrKF By 1.0 6.3 0.3
1.5 3.0 1.3
2.0 22 1.2
=Bk B 1.0 3.2 1.2
1.5 1.9 1.1
2.0 1.2 0.9
1.0 e / 25.2 /
it 10/ & 1y 1.0 30.0 /
1.5 23.1 0.7
2.0 19.7 1.4
=Ky 1.0 22.3 0.9
1.5 17.4 1.7
2.0 13.1 2.0
1.5 e / 46.6 /
1/ & Ty 1.0 56.4
1.5 46.1 0.2
2.0 40.7 1.5
=Ky 1.0 45.9 0.2
1.5 36.9 2.2
2.0 28.5 3.0
3 itig

B S SR T R o 4 B B MY DR 2 R/ NRE A M AR T i S R RE )Y . Nassif Y
PEATREADA R R 10 i A A — i S J3E el A0 A 2k 8 W5 A BB S B i 284k, AP 3d 5 WEPP
PERIRAUIE SRR SC R, AR5 Z AL AE R | IR B 20° i), A2 i Rl B K oAz 1k, JRUP
ABFHEAEE BT, 0% 5 RRAB BRI, SRR A B B R, MBI , A B il
B REAR AR IR ISR /N T 18° B A B i B AR AR A Y B K T 18° )5 A B i Bl
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B RE AR AR AN 0 AR PR BE I AR AEAE ISR . Mecool ™ & SUAFTERE T8 i | 3 o ok — 5
B FEE I 452 ol S 1T 3 8 88 R el /s 7R LG R b Horton ™) M 3% 17 3 BRE £ BE | 3 ook 8 77 20 A5t B i
YT 570, EN A Mk 0 A m R AR TN XA 9T A B B R 25083 28°, M T HLIHE S K
2 LEAR i R T 2201 R IR o X 35 1 A sk U T, S BSOS A S 0 I SR TR AR
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TRURE RN SREA 5 300 Wit 25 e B 1 o, 34 ol o, A B 2 100, A Y 30 B R 20° B, 3R Il iR R K2R L (AT
Sk AT REE TR B AR B A

KB S% 7K S8R 5 M 5 52 3 R 5 A5 AR BRI 3R A0 A S At R s ik S R B R, et
ARSI T R[] 1R K S B B PR K SR R KB RN 4 m 40 E] 1 om, £HES KR 11.8% 34 Jin £
18% , U HA K T 45 K R RE A 2 R M AR 00, 30 I 1 Kk i, AT B ST U AR IX
AYAR T/ IN XA 1 B KT B BRAS 435510 R - B8 3 m AR B 98 1 m AYZKF-F FLEERR 0.8 m A% 0.8 m AYZKERY, 5
X5 B (TCAKF B ) A EG , AR AR 23 9N 69.74% F1 33.68% , U A ASUK SR [A] X /K 3 2 A S o1, 6 1
G R A A —EVEH . AR, TATA BB A =K BB 4 98 (1,1.5,2 m) S0 242 i i s %
1N 6.5%3EINF] 61.2% , I\ 10.1% 35 MF] 69.7% , Ut BIZKF- B 5 BEL It A FH 2 B0 A i £ T8 0 J32 1 165 JFL s
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4 Lt

(1) 3T WEPP BAVSLUAR [ 35 BE (14 - 2 b . 428 70 i R AR ol o B 0 B 398 T mi 38 fin - 39 8 3k 1) 20°
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(2) SYg /XX H, B R = B K S B B 15 T 3G 0 b 2 AR T IR 45 R A N 6.5% 38 E] 61.2% ,
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