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Fig.1 Location of Yanhe River basin and six typical small
watersheds
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Fig.2 Measuring points of river channel deposition and river
sections in Yanhe River basin
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Table 1 Clustering basis of small watershed unit for erosion sediment yield in Yanhe River basin
BRI (FZR SRR
fiiRTe= S NFUR Clustering basis (ratio of each element to basin area )
Unit number References small watershed ik f g W B B
Elevation Gradient Forest land Grass land Arable land
LT 1300~1400 m: >50% . . . .
! Shiziwan 1200~1400 m: >80% 7357 0% 0% ~60% %
BRI 1300~1400 m: >50% o e , . .
I Gaojiagou 1300~1 500 m: >80% 735% <20% <25% ~60% ~10%
L&) 1300~1 400 m: >40% >35° >20%
1T . %~309 <60% <5%
Zhangjiahe 1200~1400 m: >80% 15~35% 25%~500 o0 30% ’ ’
IR 1 100~1 300 m: >80% >35°: <20%
v - %~40Y %~509 >5%
Chenjiagua 1200~1 300 m: >50% 15~35° >50% 25%740% 15%50% ¢
FARN 1200~1 400 m: >80% >35°: >20% 700 <159 >59
v Maobaoze 1300~1 400 m: >50% 15~35° >50% 70% 15% 3%
pla A4 ~ . 0, o, 0,
VI A4 1200~1 400 m: >80% >35° <20% ~70% <15% ~59%

Shanghenian 1300~1400m: >50%

15~35° >50%
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Fig.3 Cluster map of small watersheds in Yanhe River basin BT R ERE S B FEE AR
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- TE 45%~T75%2 18], (SIS AR 80%LA b frfi B
2.1 HEWHHE KIEYHE RAFEAFEYRE R 15 B F B ATE 45%~60%

e HE h EAE M R RGP TE R R RS, 455 Z A, N TR R 55 E D ATE 45%~T5% 2 1.
HF 90 XA W S AR AE , T BRZE 4, 6 /N 7R /N 45 JEEBI 2 AN /NS Y 55 B AE 30%~60% 2 [H],
FEMEPRAA 30 MEMEER, B 6 MATIAMK HIIERE A 80%LA F, Hd 45%~60%55 22K 4y
BER. 2 NN THEANBR. 3 NARTAKRBER., 6 &~ AfilwA) 2, SHRBIEAK 60%LL FE, SHEYE R
HORFEARMBE RN 13 NP REART AR . riE A 30%~45%qi 5 2 2] (1) 53 A L b A g = (R 2) .

2 HABNRETEZEEFRNERSHEHE

Table 2 Area distribution characteristics of different coverage levels in typical small watersheds

ik <30% 30%~45% >45%~60% >60%~75% >75%

Watersheds [ipA Le il g Le il [igA L1 [igA L1 A 2]
Area/hm® Proportion/%  Area/hm® Proportion/% Area/hm’ Proportion/% Area/hm’ Proportion/% Area/hm’ Proportion/%

FF7& Shiziwan 0 0.5 96.44 16.8 331.44 60.9 219.56 19.4 60.63 24

%XV Gaojiagou 1.44 0.5 129.56 26.2 646.19 63.7 236.44 9.1 4431 0.5

BRI Chenjiagua 9.06 0.1 406.75 12.0 480.13 51.0 67.75 29.0 8.38 7.8

5K X Zhangjiahe 11.13 0.1 645.44 12.3 1567.69 61.1 224.69 224 12.44 4.2

E L& Maobaoze 0.13 0 85.06 9.1 97.94 10.5 183.63 19.7 564.31 60.6

M4 Shanghenian 0 0 8.69 1.1 47.69 6.1 90.00 11.5 638.94 81.4
2.2 [EM%FE PERERY R ik 122.4 mme KRTHERAE 79 sk, Hd 7 H

2013 FLERRIBAE 5—10 AR rReitEpEm R 2E KA 35 35K, HRNSEIRT 44.3%. 2 (=50.0 mm) 3
HIE 79 H, SRR E 85%~92.5%;: 7 A KA 39 ik, 7 H3L 315K, BWEEIRE 79.5%. 7 H
{RPh RN K, Fh 5 X (766.8 mm) < ZE )1 2 (654 mm) PYFETFIRIE I 5 WA BREE . U L TE R
HEME (5029 mm) KRB ERESE 7 H P80 M RERE, B AR IBRIbRAE, BN AT T R
FIEE 2~5 1%, RAAET B 12 HIENERHK 1 HiEsh X200 5 YRR LA 7 A4 B N E LR B L2 3 R 4.

R3 EMRE RIS REX 2013 F£7 B 5 XREWER
Table 3  Five rainstorms on July 2013 in Yanhe River basin and nearby counties
#-EL[X 4 Wi & Rainfall in counties/mm

e AR I (5] M HE

Rainstorm Period Days FHX ZIEE FEAC B Vi THE TKE SENE HRE
Baota Ansai Yanchang Jingbian Zhidan Zichang Yanchuan Ganquan

1 3—4 H 2 H 104.0 72.0 0 52.0 45.0 75.0 70.0 26.9

2 8—16 H 9H 386.7 298.5 216.7 244.4 330.3 220.2 403 235.0

3 18—19 H 2 H 98.0 15.0 0 20.0 25.0 17.0 35.0 44.0

4 22—23 H 2 H 71.5 31.5 39.5 18.0 455 21.8 439 117.6

5 25—27H 3 H 92.3 94.7 69.1 108.6 86.8 85.0 78.7 493

£t Total 18 H 752.5 511.7 3253 443.0 532.6 419.0 630.6 472.8
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Fig.4 Rainfall contour map on July 2013 in Yanhe River basin
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Fig.5 Average soil erosion intensity of different vegetation types
in 2013
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EAREA R AALER Y 4 AN/ 24 305 1 34 i o i 3
B e N Ok R T (= S 7 e 4 7 I N i PR 2 A N
A 8 AR F T IR TR 43 A 1R R AR U A AR 5 2 ) A 3 R R
R B BRI EE T EG WAL ER /N A IR — U7 TH
T8 2013 4 ZEVAT AL 2 WY R Co B0, o4 T R o R i
AT N, 5 J7 T AE A 2 R DAL N A N B AR
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Fig.6 Average soil erosion intensity of vegetation slopes in 2013
in typical small watersheds of Yanhe River basin

SR, 7E 2013 SEFEM2F N, fERRER A T K
Bl /N AR Z T . BEE RN O GERT)D BEM
T P8 R A 5 1 5 /DN I 3 P A T AR PR T B R S AT R
B2 FILEH/NRIE. FEE 2 AN T SR vh
R GE 72903 Fl 74249 vkm®, V34 phoR E K
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TERFAMRE ORI, W3 LT 4 0 R AR 75 3 B B v
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SRR, YT R E A e %, (B LTLERT
BIEYE AR R
2.4 BRLNRISR AT

WA/ TR ik M AR ik B 5 /N IR e v
WRE, THEA RIS R R = N AR e v
TR WIS 2 326.7 F1 2 763.6 tkm?, HEBIIBK I AR K
/NIy 514 5 108.7 15 407.9 t/km?, T B #0642 U]
G AENFIER 2 ik B 7 656.5 F17 774.5 t/hkm? (£ 5) .
T AR 5 /NIRRT 49.0%~88.5%, FET
SETE B AN M A4 53 3 ik 88.5%FH 85.0%; H 6.4%~
18.3% (2P BV TE B, Horpdb3 i ARG 7
B, BN 16.9%A1 18.3%, Wk 2 MREN 6.4%
F16.9%, FHB 2 M 8.7%H1 9.6%.
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Table 4 Characteristics of landslide erosion in 2013 in typical small watersheds of Yanhe River basin
. NN N T AR ; S - 2o v AR ol R
ok BT A g e o B T
Watersheds Drainage area’km®  Landslide number andshice re%uency Landslide erosion/t verage landshde ?OSIOH
(Abkm™) intensity/(tkm™)
F 2 Maobaoze 9.4 97 10.32 69794.9 7424.9
i 44F Shanghenian 3.6 36 10.00 26245.2 7290.3
5K 5 Zhangjiahe 10.8 49 4.55 39986.7 3712.8
%3N Chenjiagua 4.9 25 5.10 18135.3 3701.1
#1514 Gaojiagou 9.5 28 2.95 53640.7 1964.1
F1F¥ Shiziwan 10.4 25 2.40 14476.3 1391.9
F 5 HEAELELNR 2013 SR IDHFE
Table 5 Characteristics of erosion and sediment yield in typical small watersheds of Yanhe River basin in 2013
5 b WA R R W AR R SR WRUE  WIEmA AR Ry E R IRE
/NI . . . . . N o . . . .
Watersheds Drainage Slope erosion Landslide erosion ~ Total erosion  Siltation Channel Deposition Erosion sediment Sediment yield
area’km’ intensity/(tkm®)  intensity/(tkm™) amount/t depth/cm  area/km®  yield/t yield/t intensity/(tkm)
= %14 Gaojiagou 24.7 13623 1964.1 81999.6 0.4 2.6 13 875.0 68 124.6 2763.6
£ F¥5 Shizigou 10.7 1457.5 1391.9 30377.2 0.4 1.2 5573.6 24 803.6 2326.7
5K 3 Zhangjiahe 10.6 1746.8 3712.8 57752.1 0.3 1.1 3715.7 54036.4 5108.3
[ Z YN Chenjiagua 11.3 2109.5 3701.1 65615.8 0.3 1.1 4 547.6 61 068.2 5407.8
E &N Maobaoze 9.3 956.5 74249 78 005.8 0.5 1.0 6747.8 712579 7 656.5
MHi&-4F Shanghenian 7.9 13129 7290.3 67 740.3 0.6 0.8 6527.0 61213.3 7774.4

2.5 FEARIBAR (A D HHE

MRHE FE TR T 8 AN (1 2) HJURe Vbt AA &
Ml as R (R 60, A FIIRIRI BONAE - H A B
B EIE VRV IABUR LSRN T 2 em,  JRVb IR A E 7 ik
1452 F1 71.5 73 t, TAETT b aife i 7 )98 LA - Jof B )i T s
FARZ) 0.8 cm, JeVDIRFIERL 13.2 J5 t, HARIA B iR
BT 1.3~1.6 cm 28], JeibitfRELZ) 18.1~57.9 Jit,
£33 2013 FFLETANIR T E IR E L) 0.040 3 14t K
i 6 A BB NI AR Il b B K % IR SN
H, A3 BIETNRIRAE 2013 FFHRF R AR T a2 i b
2026812t (RT) o "I, HARKICH 2013 4
VRN 0228 12 t, TSRS & 0.243 42 Y,
TRAELESEME /N 0.015 12 t, AHXFIRZE 6.2%, Ut AT
Tl S A R BA W SE

F6 TR 2013 FETEETRORLIRE
Table 6 Sediment deposition yield in each river sections of main

channel in 2013 of Yanhe River basin

BTt (A WA TR
Unit number Area/km®  Siltation depth/cm  Deposition yield//j t
1 12.1 0.8 132
2 10.3 1.3 18.1
3 534 2.0 145.2
4 10.8 1.6 23.6
5 28.4 1.5 57.9
6 277 1.4 52.8
7 229 2.3 71.5
8 11.1 14 21.1
41t Total 403.4

T R 6 PHIFRIT S 5K 2 PHYRIE > BUHRT R
Notes: Unit number in table 6 corresponds to the number of river section in
Fig.2.

R7 EMRE 2013 FAREREFNRBH R~ E
Table 7 Erosion sediment yield of different categories of small
watersheds in 2013 in Yanhe River basin

N o A B X T
R = b Sy B R v
b SR e R
Small watershed = . y . 2 Proportion in Sediment
intensity/  Area/km’ . .
category 2 Ganguyi control yield/fZ t
(t'km”) o
area/%
1 2326.7 1765.9 29.8 0.041
i 2763.6 647.9 10.9 0.018
1 5108.3 1149.4 194 0.059
v 5407.9 1373.5 232 0.074
\% 7 656.5 549.6 9.3 0.042
VI 7774.4 440.8 7.4 0.034
A1t Total 4521.8 5926.9 100.0 0.268

2013 4 ZE VAT I8 I A 7] 28 AL /N I8 3342 1ok = b o JEE
2326.7~7 774.4 t/km® 2 [i], ¥4 4 521.8 t/km® (£ 6) .
SR, ARV BREELE 5 000~8 000 t/km? ()55 4=l i
(35132 km?) (5 HABEHIX K 59.3%, Hrf X7
T S AT A R S G )T LA TN Be s AT
FEE )] )R SF AN = B (16.7%) 12 1l Ry ™
{2 h P Y3 EELE 7 500~7 800 t/km® Z [A]; 434 7 75 )1 3]
DAL (7% 25 v A A e S, A IR R RO R . SRR
A e VA S5, ] B A PR DA b BN 2 FE- U B
W I N PRI I A A 0 ) RS D Rt e 5 i ) 42 et
FEYDRREEAE 5 000~5 500 t/km?® Z[H]; XS i TIX S X I
PRES RN A0, WHRMTE T A B X
HAM 40.7% KAV h = Y58 AE 2 300~2 800 t/km’
i (E|7 .
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Fig.7 Spatial distribution of erosion sediment yield in 2013 in
Ganguyi control area of Yanhe River basin

3 i i

AHIE 53 W BB BB A ] 9 4 () AR e o P AR A 3
IIARTE 30%~60%2 8], H A 35 N 45%~60%[H
IR 50%~60%; TEHEEFEESAIE 45%~
75%2 18], H R A 45%~60% 5 60%~75%[H T
20 ) o5 AR TR AR B 45% ~60% 1 20%~30%: 11 B 5 (]
PG 5 FE KT 45%, HAP KT 75%M AR I 8 A2
60%~80%. FETAVIK 2013 4= 6 AN/ I TH T 18 1 %
(2R /N F 2 500 t/km?, 45 51 B EB 1) 2 /N
BN 1 134.7 thm?; ESCHOAA R B, S EARMER
A /NE R R R . XU, SR
SERGEBIEAR (B TAERISDHE, G sk Ak &
ORI, BIMETE 2013 F R0 B A0y, AR Al
AN IR R A . R, BN SR T R
IRk, ERRESREW O REIE T 2 AR, T
PR TR 2R E 10 &, R EIE
7357.7 thkm®, T B B E N O BGE ALER 2 AN R R
ABR (2~3 hb/km?) SRR (16781 tkm®) W]
W e IXAE T AT K B2 R 1R E B S,
I HLBE A BT MR SN I R 3G, SIS R . B A
HIR T T IR RS, FIRY, RO, R
SRR, ANAYE 4Rk kA LB ORI
1960 —2006 [k 7555 - &y J5 b X ¥ 3 ke A= R B R Se it
Pr&m: MHTHBKEES] 20 mm A4, MW HEHR
5dZ&4, 10mm bl EH%2d A4, 25 mm BLEHEZ
1d, BRI R 2 — I, W R R Rk AP0, 8 2013
7 A 3—23 HIARRAEN H 2 HLIR R R 5
(RS0 P R I R, 7 R T I 3 3 A I K 45
b 5| R RIE Bl b R A

A, A A 2 BT AR R AN 1a) 43 15 28 A A P A gk
AR TR AR, FEXF 2013 TSR IX R A T
EI RS OC RITT TR, ASFISERE B ARk
RS HOXT B A 4 2 2 B AR SRR BEAR I, M S AR &
N AR i R AR R AR, RE R I R
PR /DN RS 3 TR A A 2R 2 22 LR AR TR K MO, M T
TAER ERE, HAEME B R e, (R R E, ik

P8 /NIALAE P B PR I PR S TR R 22 N AR e e,
Mo FEAX UK, HIEATCH R HAH, AHEL R &/
WA, WHRMEBUN . FiAh, Lin BPELE 22 BV R
fwE St A B, BEE KR ARG N, HE 4 a6 FE 2 25 1
K, ESERR R AT, a8,
L R G AR S P e 3PS SR €55 P NTR AP
e, BRPHELIZER S, LT R, HAE
HERAK, ZEont ™ AR N, R A A K1
TN, S0 E A5 3 Ff e g 2 o A 2 44

4 % i

H A3 T R A R A 7 G e A AR R W AR, 7
2013 4 A i 2% N SR AR BT T 3R 4R ok 5 B R R <2 500
t/km?, (EEIE SR S G AL, R B R O
BRI AT 7 300 tkm? A . PR, hnsEdh E) R
KB HEE I, RS N X Va3 E 1R h it s,
& T IR DA 78 5 b7 v RS S AL ) 8
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Characteristics of erosion sediment yield with extreme rainstorms in
Yanhe Watershed based on field measurement

Jiao Juying™?, Wang Zhijie*?, Wei Yanhong?, Su Yuan'?, Cao Binting’, Li Yujin®
(1. State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, Institute of Soil and Water Conservation, Northwest A&F
University, Yangling 712100, China; 2. State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, Institute of Soil and
Water Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China; 3. College of Life Sciences,
Guizhou University, Guiyang 550025, China)

Abstract: Aiming at whether the present erosion environment could withstand the test and possible problems under the
extreme rainstorm events on the Loess Plateau, the characteristics of erosion sediment yield at different scales in 2013 with
extreme rainstorm events were analyzed based on the vegetation investigation and soil erosion monitoring in Yanhe River
Basin. The average soil erosion intensity was < 1 000 t/km? for the natural arbor vegetation (Quercus liaotungensis and Acer
buergerianum), from 1 118.1 to 1 161.2 t/km® for the natural shrub vegetation, from 1 245.2 to 1 827.8 t/km” for the
herbaceous vegetation in the middle-late stage of succession, while from 3 087.6 to 4 408.4 t/km® for the herbaceous
vegetation in the early-middle stage of succession. In the artificial vegetation, the ability of reducing soil erosion for artificial
shrub vegetation (2 119.7-2 183.9 t/km®) was larger than the artificial arbor vegetation (2 625.7-5 149.6 t/km?). In particular,
the average coverage of the 6-8 years of artificial Robinia psendoacacia was only 30% due to the shorter afforestation time, so
the soil erosion intensity reached 5 141.6 t/km?. In the condition of the rainstorm in 2013, the average soil erosion intensity of
the slopes with good vegetation in all small watersheds was below 2 500 t/km’. The erosion intensity was mainly in the
category of slight erosion in the small watersheds of the southern and northern areas, and mainly in the category of mild and
moderate erosion in the small watersheds of the middle area. However, the landslide erosion was dominant, accounting for
49.0%-88.5% of the total erosion in small watersheds. The average landslide erosion intensity reached 7 357.7 t/km” in the
southern area near the rainstorm center, 3 706.9 t/km” in the middle area and 1 678.1 t/km® in the northern area. There was
6.4%-18.3% of erosion amount deposited in the channels in different small watersheds. The sediment deposition amount was
13.2x10%-145.2x10" t in different sections of riverbed in the upstream of Ganguyi Hydrological Station in Yanhe River Basin,
accounting for 15% of the total erosion sediment yield on average. The intensity of erosion sediment yield ranged from 2 326.7
to 7 774.4 t/km”in the controlled area of Ganguyi Hydrological Station, of which the area with erosion sediment intensity of
5000-8000 t/km” was 59.3%. In 2013, the calculated value of sediment discharge at the Ganguyi Hydrological Station was
0.228x10%t, while the measured sediment discharge was 0.243x10%t. By comparison, the calculated value was 0.015x10°t
smaller than the measured value with the relative error of 6.2%. Therefore, the results of this research were reliable. At the
present stage, the good vegetation cover of the hill slope could control rainstorm erosion effectively. The erosion type of the
sediment source of Yanhe Watershed was dominated by gravitational erosion in the condition of rainstorm. Therefore, in the
premise of protecting the achievements of the “Grain for Green” project, it should strengthen the storage and drainage
measures in the inter-gully to reduce the slope runoff flowing down the gully and prevent gravitational erosion of the gully
slope and the gully erosion. Then, it might effectively prevent soil erosion, and promote the realization of beautiful mountain
and river in future.

Keywords: soils; erosion; landslides; extreme rainstorm events; vegetation restoration; erosion sediment yield



