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Abstract: [ Objective] The aims of this study are to analyze the runoff and sediment under different land use
types and slopes in the loess hilly area of western Henan, and to provide scientific basis for quantitative
evaluation of soil erosion and comprehensive prevention of soil erosion. [ Methods_| Based on the observation
data of 12 runoff plots from 2011 to 2020 at the monitoring site of soil and water conservation in Hugou small
watershed, Songxian County, Henan Province, the pattern of runoff and sediment under different land use
was revealed. Correlation analysis was used to detect the relationship between rainfall characteristics, slope,
land use, runoff and sediment yield. [ Results] (1) Compared with bare land plot, grassland plot had the

greatest effect on runoff and sediment reduction. The average annual runoff reduction effect of grassland was
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78.6% ~85.9%, and the maximum sediment reduction effect was 100%. The runoff reduction effect of
forestland was 32.9% ~51.3%, and the sediment reduction effect was 55.3% ~ 78.9%. (2) Runoff and

sediment in each runoff plot and the slope were closely related. There was no significant difference between

the runoff and sediment on the slopes of 10° and 15°, however, it increased significantly on the slope of 25°.

In addition, with the increase of slope gradient, the soil and water conservation effect of forestland and

grassland also reduced. (3) The correlation between runoff depth and maximum 30-minute rainfall intensity

(I) and soil loss and rainfall erosivity were the most significant. [ Conclusion] In areas where runoff and

sediment localization observation is lacking in the loess hilly region of western Henan Province, rainfall

process information can be used to estimate the runoff and soil loss under certain slope and vegetation conditions.

Keywords: runoff and sediment yield; runoff plot; land use; loess hilly area of western Henan
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Table 1 Basic information about the plot of slope

runoff field in Hugou watershed
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Table 2 Rainfall characteristics in the slope runoff field of Hugou watershed

i W i/ e 8 5 2t 1/ b it R/

mm A 1]/ d (MJ * mm e+ hm ™ «h™") ¥ T 4 I F% R & /mm mm
2011 647.0 48 — 20 430 54.0
2012 336.5 35 — 4 232 —
2013 346.0 35 28 294 100.5
2014 557.5 45 565.16 22 264 56.0
2015 526.5 58 1587.0 14 256 59.0
2016 598.5 75 2742.1 20 316 59.0
2017 707.5 76 — 15 249 70.5
2018 646.0 73 1550.0 21 255 52.5
2019 584.0 75 1257.5 13 177 76.5
2020 587.5 95 811.1 16 148
F 553.7 61.5 1418.8 17.3 262.1 52.8
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Fig. 2 Erosive rainfall characteristics of Hugou watershed
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Table 3 Statistics of runoff and sediment in different runoff plots

W/ mm FHER AR E/(t e hm™ )
INIR G5 AR RV 44

R Yl YR e KAE Cy YR ME YR e K A8 Cv
A 34 22.57 152.0 1.05 7.80 81.64 1.17
A 33 18.76 126.0 1.05 5.08 65.67 1.21
Ags 34 33.55 187.0 0.98 13.84 91.94 1.04
By, 29 7.25 23.4 0.74 7.10 38.53 0.97
Bis 30 7.04 26.7 0.82 8.56 63.71 1.08
Bss 32 7.73 28.8 0.82 15.87 101.43 1.03
Cio 25 3.70 36.0 1.15 0 0 —
Cis 26 2.64 16.0 1.01 0 0 —
Cys 26 7.19 48.0 1.05 0 0.01 0.61
Dy 25 15.14 107.0 1.06 2.61 47.08 1.27
Dis 25 9.13 69.0 1.08 1.07 15.34 1.23
D, 27 16.93 147.0 1.12 6.19 83.40 1.22
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Table 4 Effects of different land use on the runoff and
sediment reduction on the slope runoff plots

X 2R W P/ W
H'5  WUR/mm K&/ % (e hm ) BEE/ %
Alu 7 7 7 7

A - - - _
Ay - - - _
By, 15.32 67.9 0.70 8.9
Bis 11.72 62.5 —3.48 —68.5
Bss 25.82 76.9 —2.03 —14.7
Cio 18.87 83.6 7.80 100

Cis 16.12 85.9 5.08 100

Cys 26.36 78.6 13.83 99.9
Dy 7.43 32.9 5.19 66.5
Dis 9.63 51.3 4.01 78.9
Dss 16.62 49.5 7.65 55.3
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Fig. 3 Annual variation of runoff and sediment on different slope runoff plots
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Table S Correlation between runoff depth and vegetation coverage and rainfall on the slope runoff plots
e 2 Reg T 3 I e T I T i Iy WeE T 4% 1okt g
Ao — —0.223 —0.065 0.110 0.246 0.156
Ays —0.274 —0.133 0.120 0.211 0.126
A — —0.213 —0.076 0.089 0.202 0.135
Bio —0.228 0.248 0.358 0.087 0.831" " 0.829""
Bis —0.03 0.037 0.374 0.113 0.798"" 0.827""
Bss —0.025 0.081 0.297 0.176 0.839" " 0.835""
Cio 0.13 0.433" —0.132 —0.176 —0.220 —0.227
Cis 0.224 0.458" —0.138 —0.238 —0.258 —0.267
Css 0.237 —0.026 —0.134 0.184 0.042 —0.066
Dy —0.263 —0.359 —0.062 0.114 0.393 0.235
Dis —0.363 —0.346 —0.028 0.155 0.449" 0.327
D5 —0.352 —0.353 —0.067 0.111 0.346 0.220
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Table 6 Correlation between soil loss and vegetation coverage and rainfall on the slope runoff plots
/N G5 T 5 W6 TR 17 e e T 42k W6 T R Iy e T 2t 7
Amo — —0.019 0.379" 0.162 0.749"" 0.844""
Ajs 0.161 0.260 —0.048 0.592" " 0.623" "
Ass — 0.012 0.196 0.131 0.602" " 0.648" "
Bio —0.15 0.103 0.242 0.326 0.644" " 0.701""
Bi; 0.01 0.110 0.345 0.069 0.689" " 0.805" "
Bs; —0.03 0.081 0.187 0.117 0.651"" 0.685""
Cio — — — — — —
Cis — — — — — —
Css 0.32 0.476" —0.072 —0.192 —0.264 —0.168
Dy, —0.09 —0.081 0.320 0.004 0.612" " 0.741" "
Dis —0.09 —0.084 0.348 0.025 0.670" " 0.801""
Dos —0.22 0.008 0.366 —0.051 0.688" " 0.795" "
xRT7T FRAERME LMERR TEREXETERERNEEXER
Table 7 Linear relationship between I;, and runoff depth as well as soil loss and rainfall erosivity
K 4 ETRES AR
LMDy R* P LMk R* b
Aip y=0.281; +3.73 0.22 0.009 y=0.05R —6.67 0.711 <£0.001
Ay y=0.311; —0.96 0.32 0.002 y=0.04R —5.69 0.63 <0.001
Ay y=0.261;+12.78 0.07 0.160 y=0.06R—2.27 0.43 <C0.001
Bio y=0.381; —5.76 0.69 <0.001 y=0.03R —2.49 0.49 <0.001
Bis y=0.3713 —4.6 0.64 <0.001 y=0.05R—5.98 0.65 <0.001
Bs; y=0.421; —5.96 0.70 <C0.001 y=0.07TR—4.25 0.47 <C0.001
Cio y=—0.0115 +3.22 0.002 0.850 — — —
Cis y=—0.0613 +4.45 0.07 0.230
Cos y=0.031;+7.01 0.002 0.840 — — —
Do y=0.541; —1.99 0.15 0.057 y=0.006R —0.73 0.62 <£0.001
Dis y=0.421;, —4.21 0.20 0.028 y=0.004R—0.52 55 <C0.001
Dos y=0.631; —3.17 0.12 0.083 y=0.06R —9.89 <£0.001

o B K 30 min FY 38 (mm/h) ;R RHBEFE M I M) » mm/(hm® « ],
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T 2k X ST E TR VE A B X AR I /D DX S
GERE BT o 235 2 B R[] 4 A FH 2 A5 1 R B9 PR R
FEVSA R X 5 RN DR L R N DX DR
WD AL AR F R . MR ST A U K 5 AR R 78.6 00 ~
85.9 %%  MRHL IR AL 25 M 32.9 %5 ~51.3 %% » 5 b (4 ek it
Bt T F =z A8 62.5% ~76.9% ., FbFIAk
Hby Y U D A% 2 S A A e T UL A A . b B AT GA
100 %6, MHER 55.3%6~78.9% . FHbAR T /N X P A A A&
AEE S R 5 5 2 B HC el v 3% 43 AP T R R b /N DX {H
TAERL T A, fEA g —4F A B A KA AE TR A )
B AL T B A o DR Rl 3 A B0 T B b, K
FCEAE Y o e A A6 A MU 7E /DN R 8RR T L
T 2 /DN TR 58 LA B o R /N I iR A6 A R 1Y) o W 4% 1
TEHAMRG IR, WAh, T AR 32 B E
7 e IR R S GV 2l [ O SR e B R N 0 W o 7S

R LT TR G AR AR Y I s I MR AR AR
RARANE XK LR RAE B . (AR A I T P
FEARKIME 49 7, BAE w6 AR R IR REK
AT SO I b o PR /N DX AL D 288 R T R
DX AT R A PR B — WA T 380, %o T b e 158, IR AT A 2 22
SRR SEEE M K AR, PR AR AR T A
M B K AR DI RE A ALEL AR 7 254 A 23 R bk
R IR R B X A WL £ SR R
BB B S AR IR R R B R O OG. Wk
o SR LA IO RITFE R I L 730 7 0k A i 2 P 38
[IUBEStR RN (SR RS S € isei D) 1)/ER T WP <
RER AR A R 7K PR35 2804 AR B i J3E A7 A — 1 i 5
{8, B b R I PR 7000 ~ 8061 . AW E
Hb /N DX RE B 5 BE AR AL R 7106 ~ 9204, P S HE B T
JE o 86.3 Vo o LB A JBE A R UL I 45 2R R A 1% i
JEN B A ARG ) 80 DV K A o AR T 2 DX e
Bt B Y I (L 3 7 2T R TR A .



74 S ol T S 1

o531 %

AR/ DT VD R RN 5 B R R
P1,10°5 15"/ i = b 2 0 A KL X 5 2 A i AF 5T
ERIMT 25 MR B B g, B
SR B0 1 o AR e ) DD S8 A A R AR L PR
L SR T R JRE S PRl A 7K 3t 2R I B A

AR /N DX 7 3 7 U 5 B TR AR AR B R DG 3 A
R AR TN KAR RS e K 30 min R38R (15,0 A15C
(ESSIRTE N 3N ] T C DIR EPS iR AT
F o TEBRVY A e XD T A WL Y DX, — 5 B
JEEFAERIOIR B8 T o 7T T 163 W ek 2 e ok At 000 35 T 42 ¥t
GUSEE ST~
2 2% 3L HK (References) :

(1] RS, 5KA, BRELWE, 55 T8 V0 B b e B IX 4= 1l 3 =5 ) 73
TR AERTFE L) ] R B9, 2016, 38(11) : 85-88.

Yi Q, Zhang Y, Zhang H F, et al. Study on the spatial

distribution characteristics of the eroded gully in gullied

rolling loess area of West Henan Province[ J]. Yellow

River, 2016,38(11) .:85-88.

[2] Baver L D. Ewald wollny: A pioneer in soil and water
conservation research[J]. Soil Science Society of America
Journal, 1939,3:330-333.

(3] SRARR. SC b 91 /N g e [ = b ) O =57 3 7™ v 2
(0] E K £ AR 45, 2020(12) :37-39.

Zhang S B. Runoff and sediment yield of different land

use patterns in Wendouhe small watershed[ J]. Soil and

Water Conservation in China, 2020(12) :37-39.

(4] A2 R OKC U » 3032 3 A5 AN [ 3 A1) 8 70 74 21
e 7 7 v s e L) . K 2 R R (R S0
2022,20(4):10-18.

GuCJ, Zhu Y Q, Huang L W, et al. Effects of different

land uses on the runoff and sediment yield in red soil slope,

Jiangxil J . Science of Soil and Water Conservation, 2022,

20(4) :10-18.

(5] Bz %, e, %5 W WA IXCOR [ 4 i F) A
75 3T WM™ 3 Vb LR LT K AR R 4 . 2021, 41
(1):49-55.

Zhang C Y, Jiang Y J, Ma L N, et al. Characteristics of

runoff and sediment on slope land with different land use

in karst trough valley areal J]. Bulletin of Soil and Water

Conservation, 2021,41(1) :49-55.

(6] BRWN, £, Wb B, 50 W8 T i 8042 U /s XK+ fR 4
WO AT 20172019 48 W5 SR Ar BT [T K R AR FE
2021(5) :55-57.

Chen B, Wang M, Yao H E., et al. Monitoring results

of soil and water conservation monitoring sites in runoff

plots of Tangyu River watershed from 2017 to 2019[J].

Soil and Water Conservation in China, 2021(5) :55-57.
L7] 8O, 35 48 B AT HoK AR Rl T 2 /N X Y

iy b B HC X IR K e R B A i A e i [ ]I B

K E A 2020,32(3) :15-19.
Hu Q M, Xie Y M. Runoff and sediment yield and respon-
ses to rainfall and vegetation cover in runoff plots with
different soil and water conservation measures in the
Changting County [ J ]. Subtropical Soil and Water
Conservation, 2020,32(3):15-19.
(81 XU, X3t 5, XB i 7 » &5 AR H T A2 0 /) XU B8 Rl 422 7okt
FEUEARSC AT ] K AR 3R 2, 2011,31(2) :99-102.
Liu D, Liu P L, Deng R F, et al. Erosion characteristics of
plots with various underlying surfaces in single rainfall[ ] ].
Bulletin of Soil and Water Conservation, 2011,31(2):99-102.
(9]  BRMS &, BRmy A, £ 5, 5. 8 4 o B 10 4% XA [6] -+ 3 )
FHZE BT B b 7 5 7= 0 i i [ ] AR 35 5 R 30 05 2
% ,2010,26(3) :199-204.
Chen P F, Chen L H, Wang Y, et al. Effect of land use
pattern on runoff and sediment yield on slopelands in
Loess Hilly Region[J]. Journal of Ecology and Rural
Environment, 2010,26(3):199-204.

(100 #AME, 804 F, B — VT 5L F 3% 4 o SR G Bl 2 A i +

G D RS SR AR g 11 o ) B A B B =
#,2021,41(16) :6417-6429.
HuJ, HuJ J, Li Y H. Spatial variation of the rela-
tionship between annual runoff and sediment yield and
land uses based on the regional critical zone differentia-
tion in the Loss Plateau[]J]. Acta Ecologica Sinica,
2021,41(16) :6417-6429.

[11] Wischmeier W H, Smith D D. Rainfall energy and its
relationship to soil loss[J]. Transactions of American
Geophysical Union, 1958, 39(3): 285-291.

[12] 37 BLRSCRERLBAL M L& A F A s KB T

e T % 4B T A2 9 A2 ol 7 U B s el T LK b R R A Al
2013,27(2) :26-30,35.
Ai N, Wei T X, Zhu Q K. The effect of rainfall for
runoff-erosion-sediment yield under the different vege-
tation types in Loess Plateau of northern Shaanxi Prov-
ince[ J]. Journal of Soil and Water Conservation, 2013,
27(2):26-30,35.

(130  ER0Hr o 1 Jet A I 52 3 R XA [ ke B2 A A 1 T
BRI 7K = PR35 RN AF 5 (D, L P I 43« LU P T 9 22 , 20200
Hou H X. Assessment on the Soil and Water Conservation
Effect of Hilly-Gully Areas on the Loess Plateau Under
Different Gradient and Vegetation Conditions[ D]. Linfen,
Shanxi: Shanxi Normal University, 2020.

[14] SKRERE, PR, U, 5. 50 B KA R A& B
it 7 A B 45 2 s [0 ). K £ PR R WF 5T, 2021, 28 (1) - 80-
84,92.

Zhang Z Z, Shan Y G, Wu M Z, et al. Soil and water
conservation effects of different agricultural measures
in mountains and hills of Nanjing[J]. Research of Soil
and Water Conservation, 2021,28(1) :80-84,92.
(F#% 85 1)



5 439

AR BT = M T A B R e AR 7 v W O A R L 85

(22]

(23]

[24]

(1):1-14.

Liu D' S, Zhang Z H . Loess in China[ J]. Acta Geolog-
ica Sinica, 1962,42(1) :1-14.
PREAE SR 3K 88 T LIDAR il GIS HoA 1 35 18 =
Tk s ) B AT L K R ORAFAIT S, 2014, 21(3) :20-24,
Sun Y Z. Zheng F L. Zhang J. Analysis of gully erosion
development based on LIDAR and GIS[J]. Research of
Soil and Water Conservation, 2014,21(3) :20-24.

Cavalli M, Goldin B, Comiti F, et al. Assessment of
erosion and deposition in steep mountain basins by
differencing sequential digital terrain models[J]. Geo-
morphology, 2017,291:4-16.

Winiwarter L., Anders K, Hofle B. M3C2-EP: Pushing the
limits of 3D topographic point cloud change detection by

error propagation[ ] ]. ISPRS Journal of Photogrammetry

[25]

[26]

[27]

and Remote Sensing, 2021,178:240-258.

Mukupa W, Roberts G W, Hancock C M, et al. A review
of the use of terrestrial laser scanning application for
change detection and deformation monitoring of struc-
tures[J]. Survey review, 2017,49(353):99-116.

Wang N. Yao Z H, Liu W Q. et al. Spatial variabili-
ties of runoff erosion and different underlying surfaces
in the Xihe River Basin[J]. Water, 2019,11(2):352.
R RBER L R T SO HE M BN R
GefR i v AT ST [T 1K L AR BT 5T, 2023,30(2)
13-21.

Li PF, Zhang X C, Dang X, et al. Investigation of erosion
processes on the slope-gully system using 3D laser
scanning[ J]. Research of Soil and Water Conservation,

2023,30(2):13-21.

IO ZOOVOVOVAVAVAVAVAVOVOVOVAVAVAVAVAVAVAVAVAVAVAVAVOVAVAVOVAVAVAVAVAVAVAVAVAVAVAVOVAVOVAVAVAVAVAVAVAVAY]

(k3% 66 R)

[26]

[27]

[28]

Ih g, 5 BT JE I A TN A IR b 30T AR 1 3 SRR 3T
AR ] K AR FFIE A, 2021,41(4) :139-144,

Ma R, Zhang F, Zhou B, et al. Risk assessment model
for dam break in Gansu Province[ J]. Bulletin of Soil
and Water Conservation, 2021,41(4):139-144.

%GR HE R A SR R R B AR R [T .
A BEEET,2022,44(S2) 1 275-277.

Luo P F, Dong Y J. Discussion on new deformation
monitoring technology of ultra-high earth-rock dam[]].
Yellow River, 2022,44(S2) :275-277.

JTER B EOR I OB SF . = 4EOE A R FE 1 AR
HE A7 5% He 140 335 708 T8 W D0 g g P (T A VR 2 B B
#2,2017,34(6) :56-61.

Wan Z Y, Huang Y Y., Zhao X R, et al. Application of

three-dimensional laser scanning technique in deforma-

[29]

[30]

tion monitoring of extrusion sidewall of concrete-faced
rockfill dam [ J]. Journal of Yangtze River Scientific
Research Institute, 2017,34(6) :56-61.

Ly g et LR DS I T e e g S e K
W R g v it 5 0 [ K AR Hp il 412, 2020, 40(5)
112-117.

MaSZ, XulJZ, He M Y, et al. Design and applica-
tion of automatic safety monitoring system for soil-
saving dams in Henan Province[ ] ]. Bulletin of Soil and
Water Conservation, 2020,40(5):112-117.

TR BT WS, A M R XU T 4 OF &
55 B ] oK AR Fp i 4l , 2023, 43 (1) : 84-91.
YuS, LiY Z, Yao X F, et al. Research and applica-
tion of risk warning prevention and control platform
for check dam systems[ ]J]. Bulletin of Soil and Water
Conservation, 2023,43(1):84-91.

IOOVAOVAVAVAVAVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVOVAVAVAVAVAVAVAVOVAVOVAVAVOVAVAVAVAVOVAVAVAVAVAVAVAVOVAMV

(E3#% 74 70O

[15]

[16]

Liu BY, Zhang K L., Xie Y. An empirical soil loss equation
[C] // Proceedings 12th international soil conservation
organization conference. Beijing: Tsinghua University
Press. 2002.

HR L, 72 87 B AR TR [ AR S A 5t A 3R B8 R &R
XS R AT 21 398 DXBE I 4l R T K - £ R D) RE 09 5
[J0.E25%417 ,2021,41(12) :4913-4922.

Lai CY, Zuo S D, Ren Y. Impacts of different ecologi-
cal restoration measures and environmental factors on
water and soil conservation of the slope in the pure
coniferous forest of the subtropical red soil areal]].

Acta Ecologica Sinica, 2021,41(12):4913-4922.

[17]

(18]

W XNT L RES, LR RN KB YA R 1K
FARFFBL P [T ). B K AR HFRES2.2020,18(2)
36-42.

Tang CJ, Liu Y. Xu A Z, et al. Effect assessment of
land cover pattern on soil and water loss on red soil
plots[J ]. Science of Soil and Water Conservation,
2020,18(2) :36-42.

A DL e S5 B e TR M DX B B i
VIR LK S REFITIE .2019,26(6) : 133-138. 144,
Wu L. Mu X M, Gao P, et al. Effects of vegetation
coverage on runoff and sediment yield in the Loess
Plateaul J |. Research of Soil and Water Conservation,
2019,26(6):133-138,144.





