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Abstract: [ Objective] The small watershed soil erosion model is a technical tool for soil and water conservation
planning and evaluation of soil and water conservation benefits in small watersheds. [Methods] Based on the
characteristics of erosion and sediment transport as well as production requirements in small watersheds, a small
watershed soil erosion model was developed using Visual Studio 2017. [ Results] The model was an event-based
rainfall distributed model. Runoff yield was calculated using the runoff curve number method. Slope inflow was
simulated using the unit hydrograph from the US Soil Conservation Service, and channel inflow was calculated using
the Muskingum method or the nonlinear Muskingum-Cunge method. Slope soil erosion was calculated using the
Chinese Soil Loss Equation, and sediment concentration was calculated using the sediment continuity equation, with
the sediment transport capacity of water flow calculated using appropriate formulas for slopes and channels,
respectively. Additionally, the model considered the impact of engineering measures such as check dams and warping
dams on inflow and sediment concentration. The model was validated using rainfall-runoff-sediment observation data
from the Xingshuyaozi Gully small watershed in Ansai, Yan'an, Loess Plateau, and the No. 8 small watershed in
Hebei Farm, Nenjiang, Northeast Black Soil Region. The model demonstrated satisfactory performance in simulating
runoff depth, peak discharge, and sediment transport at the watershed outlet. Moreover, it provided spatial distribution

of runoff depth, peak discharge, slope erosion, and sediment transport within the watershed. [ Conclusion] The model
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can provide a technical tool for soil and water conservation design in small watersheds and support the construction of

digital twin watersheds and the development of intelligent soil and water conservation.

Keywords: small watershed ; soil erosion; sediment transport; distributed model
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Comparison between modeled and measured values

http. // stbexb.alljournal.com.cn



o5 2 1

FFRABLE /NI 4 R AR R (SWEMD 163

32 WBENA

B A R IR E AR N 5 X 2, 1999 4F 5K
Jit 1) 1R B I R I BE K 6 V) 3 b T AR S X b 2 55 1
BB K, DT 52 1 K SC K+ 4R bl 7 . AR L
P DX TR R A, AR ok T R 11 B AR
75 98 R AR A ) R H OB oS 4 . P, G 2 A4 XY
B S R O TS B A E I T T
H LA I 52 7E B 4 8 JROR AR b 2B 4 XA e 14
/N S AE S o7 FH 22 481
3.2.1 BABMMHBAKR YA WEEIFEYH
U FE X AR 7 V8 /N I S AR 3.72 km®, 2015—
2018 4F- YL Bl P9 IA 74 3 M T AR Oy 38.5 hm®, o i 3 v AR
(9 10.36 %0 o ¥ VA) 15 HiL AT 3 350 P9 A7 ARCHlL SR Tl VB R bR

b R0 MR AR LG 4 i o 51.9%6 013,26 .13.0%
1 8.0%, A i & M JE L AR N A TE AR & L g B ok
52.0% .13.2% .10.8% F19.5% . A I 1 L [T 5 B9 i
B 4 3 B 4 R 26.2°F1 25,37, 14 1A 1 M2 IR IR
S P9 1 3 B R = bR P 5 R, DT G 3 8K Vb R
2, SWEM 58 g B F 914 Uk B W A 1] 7K SCAR
A A 1 K VD S e kT K AR K
AR R K AR 3R FRAE T 45 UK B TR 14 428 Ui F 8 VD 1 53
Y NI T ) N G B NN MR R @ R |
BCE 2) . F P R KA BT 280K 8028 5 e
16.8% .26.1% F19.3 % , - ¥ Hil 9k 31k 08 3 4t 30 45 49 0l
H22.9% .32.9% 1 10.1% , - 2 %k ¥ 2L 4% 4> Bk
86.8% .90.0% F184.5% .

100 d 100 . 100 .
(a) JR7K Rk (b) MRt IR B A 2t %3 ) .
j=====]
80 - 80 - 80 - .
(OFS0F &
* 60fF < 60 ° 60
iE & 8
B & &
=
=401 H 40 H 40
3 Bl sy
20+ 20 . 20 |
= =
1

0$m$ SEIKAE AKAE

0 1 1 1
FIKEE FKE HKE

0 1 1 1
FIKE  TAKE HiIKE

T P A PR FR 78 7506 12500 19 19 30 5 b A4 3 i KB AR /ML 5 A A T S e R P LB Oy SR . IR
B2 RIS R KR R 3

Fig.2 Benefits of gully land consolidation for runoff and sediment reduction

3.2.2 AFARR & R R A Ak S FEN BIRITIL
=R uh Ak B 8 5 /N T Bk (48759758 ~
49° 00'48"N, 125° 18'52" ~125° 20"41"E, ) T 1 >
2.3km’, J@ T A8 1118 < HE . JEEAN 2013 4F &
B R SR MV ROPR M A Rl R At RE
Hb, R EE A R 79.9%6 .10.06 %6 . 7.62% Fil 2.42Y%
TR 98.9 % By X B <57,

2020 4 7T AR (4 Bk b H B (G 5 2.6 .13 .20)
P LA T 08 T 355 A 1 o o 8 3 B4R L B b 1T R 0.06
km?”, & WA ALY 27.7% . SWEM 85 # g ] R
A2 T 3 N AR ok 7 B DX 3 R I 3 B A o A B
PE J& X oK W i 52 o 2013 4 19 S 0 £ 4% i
T SHRE

SWEM i #3345 LW (2L 20134E 8 H 12 H
Bef W SRy 461 ), 55 780 8 ¢ e Wl RS AL i 0 R S e VD R
FECE 3R 4, H R Cib He 2.6 .13 F1 200 Jedb
M CH B 21 F 22) B 52 b e 42 1ok B 5 R (81 52D, J& F

UL PR AR ol 5 DA 7 ) DX AT SR P A B R
ET LR VR F DRI, X B (0 i
BEAE 7 R AR 4 B o ol A R BE AR B
F14 52 ol A5t W e (1 Sb)

50
—o— 5

—o— itH

4.0

3.0

/(m?-s7")

1 2.0

=)

i

12:00 ) : 02:24

3 EEFHSINRELIRILE

Fig.3 Comparison of modeled and measured discharge

hydrographs

http. // stbexb.alljournal.com.cn



164 KRR %40 5
350 1) 3 T Y W T A 43 A3 2 - 39452 o i v A 0
300} : —o— sl DL SR 5

—o— itht
o 250F 2) X 4y 3 i A GE K BV J0 & AR E '
2 200f () 7K i B v 3 28 ATV Vb i A% ok A
gmm 3)% JE T A L T AR WL T BB
& 100} 7 B A JE M X 23 b BB X R B 4 R R
5oL W], MR A — 5 (9 1o RS BE , R T /N K AR
Ot — i e TERGRIETRUK L GRREAL . (ERMIR G 5

il

E4 HRUHESIMNADRILELIER
Fig.4 Comparison of modeled and measured sediment
transport rate hydrographs

(a) N3 BHE

(b) T HHHE

0 200 400 800

20134 H 2 it B2 (T )/
-0 B o005 [ 0.05-0.10
B o.10~0.15 [ 0.15-020 [_]0.20-1.20

5 #ieKRIH8S/NEIF2013FE8 A 12 HEEM & E /MR
o]
Fig.5 Net erosion/deposition distribution during rainfall
event on August 12, 2013 for small watershed No. 8
at Hebei Farm

4 & &

PN S M b AR f B R K R O A
5 AL E B F R AR AR T SWEM B
(g S RO R BREE KR R B L %A T 1 4
B

2 CHI I T I 3L B4 07 £ 45 ) 0 2 BOBC(EL Con g 3l AT
b T T RO A R — B IR AR, LA
P B R THRORS JEE

SE 3k

[1] YOUNG R A, ONSTAD C A, BOSCH D D, et al.
AGNPS: A nonpoint-source pollution model for evaluat-
ing agricultural watersheds[J].Journal of Soil and Water
Conservation, 1989,44(2):168-173.

[2] NEARING M A, FOSTER G R, LANE L J, et al. A
process-based soil erosion model for USDA-water ero-
sion prediction project technology[J]. Transactions of the
ASAE,1989,32(5):1587-1593.

[3] ARNOLDJ G, SRINIVASAN R, MUTTIAHR S, et al.
Large area hydrologic modeling and assessment part 1:
Model development [J]. JAWRA Journal of the Ameri-
can Water Resources Association, 1998,34(1) :73-89.

[4] MORGAN R P C, QUINTON J N, SMITH R E, et al.
The European soil erosion model (EUROSEM) : A
dynamic approach for predicting sediment transport from
fields and small catchments [J]. Earth Surface Processes
and Landforms, 1998,23(6) :527-544.

[5] DE ROO A P J, WESSELING C G, RITSEMA C J.
LISEM: A single-event physically based hydrological
and soil erosion model for drainage basins. i: Theory,
input and output [ J]. Hydrological Processes, 1996, 10
(8):1107-1117.

[6] KA,k TE, 5T, % . J0 50l KN il 4 542 1k
BRI T ] K T ARFFRFFE , 2001, 8(4) : 114-120.

FUSH, ZHANG W G, LIUB Y, et al. Beijing moun-
tains area soil erosion model [J]. Research of Soil and
Water Conservation, 2001,8(4):114-120.

(7] & RARAE, KRG R, 5 20 il 2o A 0K Ul 5

RIRFFELT ] KRR L AR, 2006,37(12) : 11-15.
JIN X, HAO Z C, ZHANG J L, et al. Study on distrib-
uted runoff-sediment coupled model for middle reaches of
Yellow River[ J].Water Resources and Hydropower Engi-
neering, 2006,37(12):11-15.

[8] ol #akst . v i By P S R [T ], v [ B 38 S

http. // stbexb.alljournal.com.cn



o5 2 1

FFRABLE /NI 4 R AR R (SWEMD

165

[10]

[11]

[12]

[14]

[15]

[16]

[17]

TEZE,2007,2(7) :492-499.

WANG G Q, LI T J. Digital Yellow River model [J].
Sciencepaper Online,2007,2(7) :492-499.

W2, BRI FR Ay B 2 U LYY DX 03 A X R R R
HERIAFFE [T ] K 2R Fp2 AR, 2008, 22(4) - 21-26.

YAO W Y, CHEN J R, QIN F. Study on the distrib-
uted forecast model of soil loss in sandy areas of Yellow
River[J].Journal of Soil and Water Conservation, 2008,
22(4):21-26.

BN, E 2% BT, AR T I B 4 A 2R
KV BRI [T ] KA 2412, 2012,43(3) : 264-274.
LI WJ, WANG X K, LI D X, et al. A physically-
based distributed watershed water erosion prediction
model [J]. Journal of Hydraulic Engineering, 2012, 43
(3):264-274.

[ AR S A T N 8 = v e S
MBI T]. (3% 4% , 2013, 31(5) : 542-547.

GAO X, CAI X F, WANG J, et al. Distributed soil ero-
sion estimation model for small watershed in karst area
[J].Journal of Mountain Science, 2013,31(5):542-547.
£ BB RR L L AHPE L AR R v D R BT O K v A
AR T[T ] R4, 2019, 31(4) 1 1120-1131.
BAO W M, HOU L, SHEN D D, et al. Application of
flow-sedimentation coupled model in Dali River basin of
Loess Plateau J|.Journal of Lake Sciences, 2019,31(4):
1120-1131.

HhAe N R R KR /N O B 43 B g TS S SL
653—2013[ S ]. b5t b K A K AL H ARk, 2013.
Ministry of Water Resources of the People’s Republic of
China. Classification and coding standards for small
watersheds SI. 653—2013 [S]. Beijing: China Water
Resources and Hydropower Press,2013.

Soil Conservation Service. National engineering handbook
[M].Section 4: Hydrology. Washington D C: SCS, US
Department of Agriculture,1956.

FU S H, WEI X, ZHANG G H. Estimation of peak
flows from small watersheds on the Loess Plateau of
China [J]. Hydrological Processes, 2008, 22 (21) :
4233-4238.

KNISEL W G. CREAMS: A field scale model for
chemicals, runoff and erosion from agricultural manage-
ment system [J]. USDA Conservation Research Report,
1980,26(1):36-64.

LIUBY, XIEY, LIZ G, et al. The assessment of soil

[18]

[22]

[25]

[26]

[27]

[28]

loss by water erosion in China[J].International Soil and
Water Conservation Research, 2020,8(4) :430-439.
SCHOKLITSCH  A. (M1//
Handbuch des Springer
Vienna,1962:1021-1054.

Schiffshebeanlagen
Wasserbaues. Vienna:
GOVERS G. Empirical relationships on the transporting
capacity of overland flow [ J].International Association of
Hydrological Sciences Publication, 1990,189:45-63.
ZHANG G H, WANG L L, TANG KM, et al. Effects
of sediment size on transport capacity of overland flow on
steep slopes [ J]. Hydrological Sciences Journal, 2011, 56
(7):1289-1299.

MU H L, FU S H, YU B F, et al. Predicting the sedi-
ment transport capacity from flow condition and particle
size in the presence of vegetation cover[ J].I.and Degrada-
tion &. Development,2021,32(3):1237-1249.

AR, B ZE PRV IR XV TE D AR T R A O ik
[T, P #E5E ,2004,29(1): 1-8.

FEI X J, SHAO X J. Sediment transport capacity of gul-
watersheds [J]. Journal of Sediment
Research,2004,29(1):1-8.

YALIN M S. An expression for bed-load transportation
[J]. Journal of the Hydraulics Division, 1963, 89 (3) :
221-250.

SENG LOW H. Effect of sediment density on bed-load

lies in small

transport[ J].Journal of Hydraulic Engineering, 1989, 115
(1):124-138.

NASH J E, SUTCLIFFE J V. River flow forecasting
through conceptual models part I: A discussion of prin-
ciples[J].Journal of Hydrology, 1970, 10(3) : 282-290.
GUPTA H V, KLING H, YILMAZ K K, et al.
Decomposition of the mean squared error and NSE per-
formance criteria: Implications for improving hydrologi-
cal modelling[J].Journal of Hydrology, 2009, 377(1/2) :
80-91.

MORIASID N, ARNOLD J G, VAN LIEW M W, et al.
Model evaluation guidelines for systematic quantification
of accuracy in watershed simulations[J]. Transactions of
the ASABE,2007,50(3):885-900.

BEDNAR M, MARTON D. Developing a lumped rain-
fall-runoff model in daily timestep for the Central Euro-
pean regions: A case study of the Czech Republic [J].
Environmental Modelling and Software, 2024, 179:
e106092.

http. // stbexb.alljournal.com.cn



