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Abstract; Sediment delivery ratio (SDR) is a critical transfer parameter for investigating soil erosion and
sediment yield in a watershed, which is a matter of concern not only because of the sediment yield input
to river but also due to its important effects such as safety-operation and flood control in reservoirs.
Currently, there is limited information on the quantitatively estimation of SDR for different periods in the
catchments of the Three Gorges Reservoir Region ( TGRR), and its temporal changes of estimates are
also scarcely analyzed. Thus, Huangchongzi and Gongnonggou catchments, located in the central part of
the TGRR were selected as study areas, which represented one of the typical purple soil areas. In order
to investigate the SDR of the past 52 years in the central part of the TGRR strictly according to the
definition of SDR, annual average soil erosion was precisely estimated with an integration of geographic
information system ( GIS) and the revised universal loss equation ( RUSLE ). Sediment yields for
different periods from 1963 to 2014 were identified by pond sedimentation amount based on the dating
results of the comprehensive utilization of "’ Cs and *'°Ph tracer techniques, and these results made use of
calculation of SDR for different time-interval. Results showed that the average soil erosion amount was
119.72 t and 86. 86 t and its coefficient of variation (CV) was 0.76 and 0. 86 during 1963—2014 in
Huangchongzi and Gongnonggou catchments, respectively. The average soil erosion amounts in 2001—

2014 were obviously lower than that in 1963—2000 for these two catchments. The main reason was the
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benefit of grain to green, which started in 2001. The ' Cs time mark dating-results were in agreement
with results by *'°Pb_ constant rate of supply (CRS) model. Based on this analysis, sedimentation core
for Huangchongzi and Gongnonggou ponds was segmented with 19 and 12 time-intervals and its CV of the
corresponding sediment yields was 0. 28 and 0. 19 from 1963 to 2014, respectively. The SDR fluctuated
distinctly from 1963 to 2014, which were especially intensity after human-activities. The CV of the SDR
for different time-interval was 0.33 and 0. 82 from 1963 to 2014 for Huangchongzi and Gongnonggou
catchments, respectively. The results estimated strong variations in SDR from 0. 07 to 0.9 for different
time-intervals in the catchments, and this emphasized that the reasonable selection of time-interval played

an critical role in estimating SDR, particularly when benefit assessment for soil and water conservation

2017 4

was implemented.
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Fig.1 Sketch maps of study areas
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Fig.4 Changes of sediment delivery ratio for different time-interval in Huangchongzi and Gongonggou catchments

2.3.3 KEGRFFIAHEATE RV HRS AR fL

b /N IR 1963—1965 4F Fil 1996—1998 4F
1) 1 i % be 43 51 A 0.30,0. 27, i B B v b/
I LAA o F, LR BB A i Dl 1 843,12
1730.78 t/(km®+ a) ; [ 2001 4F F¢ X /)N i 38 52 it 1R
BEL AR TR LK, 8 v /Nt 3 2010—2012 4 70
Wik H N 0. 22, +HEZBIEC, 800,55 t/ (km’ - a) ,
UL/ UK LR FRRES  R Y R R LU A T TR,
ZERSRIT B E X A5 BT %
A B Je V0 i 7% LE i A2 A SRR AR RS R AN, A Sk
$£ 1963—2000 4 (7K L PR #5736 HLHT ) F1 2001—2014 4
OKERFFEHG) MRV L 1750 B B o
T/ 1963—2000 4F 7 vb 5 Fil 1 587 1k 5 43 5]
Jh1228.71.5462.33 1, R btk 0. 2232001 —
2014 AF = b 1 4 4 il 1 43 0l Oy 322.71.762.99 t,
RV Ll 0.42, T A V8 /N B 1963—2000 4
FEUD R A AR iU 4300 Oy 849. 48 4 212,03 t, e
i # Lo 0. 2032001 —2014 4 7 b 5 A1 4 S 43 il
BN 274. 47 304. 72 1, R EIFL LR 0. 90, /K
FARFA S /N D RS LA 2 LT, R
VAR T A B Al e 7 [ B G S = N S 7 N IS 9
2001—2014 4F T4 /) i 38k U8 ¥ i #% 1L (0. 90) K
T /N VP A L (0.42) AT RE S LAk
AN AR (18 1) B T TR LG e A, U B
B BOR M RE &, FF 1= 1l e v K 2 #K e i ik F)
VEPEA 5o H 2 BT ol - /N Ui R T A 3 /N

1963—2014 4 (1R Vb i B HL I (E 320 0. 25,
3 it

F BRI R W = X UV R LA T
0.12~0.97 Z[a], ) X ¥ {E N 0.48; H o, o 74
BB A AT 08 25 XU VD i A L o AIRE X, A8 Ak Y
012 ~0.30, F A A8 = bk 5 X H g Sk
BN Sk 1963—2011 4F 9 e V0 i 7% L ol 0. 28,
AR SN B TR X RO AT 0 AR X, /)
TR 1963—2000 4 fl 1963—2014 4F g 10 i %%
4312 0.22.0. 25, T4 35 /)N Jai 81963 —2000 4
M1 1963—2014 48 10 i £ L 43 B 4 0.20.,0. 25,
KRBT Bewy e v i &% e 8/ F 0.3, A it
SEL R P DX /N ik 08 VD K B B S A T B A R A
— B0, BEWI A = 0 FiE X 45 4 Al | RUSLE #5081 ™
Cs HOARAG B B /N B VD 78 LU B 5 21, B A
T TE B P A6

VRS BT R W, N2 5 50 Z AR
KERFEH I, eV i b AR 1.00 F F% 3
0.27, AR, B 2001 4F /)N 7t 358 55 it 1R B 34 R
ALK, 8 v/ i 3™ v =R ] L, 2001 —
2014 4F -3¢ 2 ol i 5 1963—2000 4F A L, 93 2 iR
FERR, U B K AR R A FEACR K4 (H 2 8 v 1/
TR H A% H M 1963—2000 4F 1 0. 22 41 I 7+ 5
2001—2014 41 0. 42 ; 71 2R H B I B Y Jie 70 i 76
R A, ¥ vp 7 /b i oK £ R 576 B 5 19 (2010—



314

Kok HLOB ¥ R

2017 4

2012 4R ) Y8 Vb B b H) L/ Tk R i BT
(1996—1998 4F ) (VMR Lo A I, Y8 v i % L
A BB R /INAS BE T B AE 3 d8 /K PR 45 3R BEACR 10
P45 o IF B 0 1 5 0k 8 v A% LE i A A
B S I E AT K AR B R PR I . i BER K
BEA S B 7 SORSE F A, B B K A AR R A0S, —
fi AR TR K R IR,

4 it

(1) 35 vh /Nt R AR 38 /N i 38k 1963—2014
AR 2 AR iR 3 3 Ol 119,72 .86. 86 t, % 5 &
oy 52 0.76 0. 86, 4F B i 8l A 8 2. 2001 —
2014 4 ¥y - 4R ik R B 1963—2000 4F K R i

(2) A L YR ¥ (197" Ph,, CRS B3 5 4F 45
WERG P 5E . KRR Cs 07" Pb, CRS U a2 45 45 1,
/NI SR A /NI S AN [ B v 2R
SRR 0.28 0. 19, T /N R 1963—
2014 4EFE YRR B AT B (R =0.766) , T4 1Y
/N A 2001—2014 4 7= vb i S b (R =
0.978)

(3) 35 vh /NIt B0 T AR 3 /0N Bt JUAS [ e B g
U RS L A2 5 R B0 3 0 0.33 0. 8253 52 a JiE
DX /NI S8 U0 A A EL I 3l AR AR ) R AE 4 RO
Je S AR B il AR

(4) IF B ) 2 6 5 X 90 V0 i % L 1) Al B30 i)

b R XA A PR R A B B R 0 .

14

15

AR, e ) R 8 V0 i % EU R T 21/ K & fR
g FEOT I

& % x Wt

SRR E VG R YU AL L R R KOG R R S BOIR S PRaR [T]. iRl R L2004 ,23(5) 11 -9.
CAT Qiangguo,FAN Haoming. On the factors and prediction models of SDR [J]. Progess in Greography,2004,23(5):1 -9. (in
Chinese)
ZHOU Weifeng, WU Bingfang. Assessment of soil erosion and sediment delivery ratio using remote sensing and GIS:a case study of
International Journal of Sediment Research,2008,23(2) :167 - 173.
FU X D,JIANG L W,WU B S,et al. Sediment delivery ratio and its uncertainties on flood event scale : quantification for the Lower
Yellow River [J]. Science China ( Technological Sciences) ,2010,53(3) :854 —862.
DONG Y F,WU Y Q,ZHANG T Y,et al. The sediment delivery ratio in a small catchment in the black soil region of northeast
China [ J]. International Journal of Sediment Research,2013,28(1) :111 —117.
LEE S E,KANG S H. Estimating the GIS-based soil loss and sediment delivery ratio to the sea for four major basins in South Korea
[J]. Water Science and Technology,2013,68(1) :124 - 133.
GERICKE A. Soil loss estimation and empirical relationships for sediment delivery ratios of European river catchments [ J].
International Journal of River Basin Management,2015,13(2) :179 -202.
SAYGIN S D,0ZCAN A U,BASARAN M,et al. The combined RUSLE/SDR approach integrated with GIS and geostatistics to estimate
annual sediment flux rates in the semi-arid catchment,Turkey [J]. Environmental Earth Sciences,2014,71(4) :1605 - 1618.
SINGH H V,PANUSKA J,THOMPSON A M. Estimating sediment delivery ratios for grassed waterways using WEEP [ J]. Land
Degradation & Development,2017,28(7) :2051 —2061.
GOLOSOV V,COLLINS A L, TANG Q,et al. Sediment transfer at different spatial and temporal scales in the Sichun hilly basin,
China; synthesizing data from multiple appraches and preliminary interpretation in the context of climatic and anthroppgenic drivers
[J]. Science of the Total Enviroment,2017,589:1 - 11.
W, B RE. MR R Lot st [T]. dbntRaA2a 4 AR BL 21, 2012,48 (4) 1685 —694.
XIE Wangcheng, LI Tianhong. Research comment on watershed sediment delivery ratio [ J]. Acta Scientiarum Naturalium
Univrsitatis Pekinensis,2012,48(4) :685 —694. (in Chinese)
Sl KVL B RV A% eI [T]. JevbiE5E,2002(1) 153 - 59.
JING Ke. Sediment delivery ratio in the upper Yangtze river [ J]. Journal of Sediment Research,2002(1) :53 —59. (iin Chinese)
BRF BT A, VRS L BB 5 B MR AT LT ] DK AR RRE, 2009(6) (113 - 122.
LI Linyu,JTAO Juying, CHEN Yang. Research methods and results analysis of sediment delivery ratio [ J]. Science of Soil and
Water Conservation,2009(6) ;113 —122. (in Chinese)
TREHT ot R R R L RUEARAE S AR AE [J]. JKFI2£4 ,2013,44(10) 11225 - 1232.
ZHANG Xiaoming, CAO Wenhong, WU Sihong,et al. Dependence of sediment delivery ratio on scale and its fractal characterisites
[J]. Journal of Hydraulic Engineering,2013,44(10) ;1225 — 1232. (in Chinese)
AR L FIBROK AR50, AF . VU R U R T VR VD SR VR RS P 1 S — T Bl b e S R SR PE VTR Cs AR
XHEe [J]. #ER 53645 ,2017,45(3) 1247 - 258.
ZHANG Xinbao ,BAI Xiaoyong, LI Hao,et al. Contrast of Cs content in slope soil with depressions,and pond sediments—sediment
sources , transportion and balance of Karst basin in SW China [J]. Earth and Environment,2017,45(3) :247 —258. (in Chinese)
FEA, W, B, . JE T RUSLE A9 AR 48 10 i BUA 7] 42 1o 38 B DX J8 v #% LU AL E (U], K R ARFFAF 5, 2013,
20(5) :50 - 56.
WANG Zhijie, JIAN Jinshi, JIAO Juying, et al. Estimation of sediment delivery ration in different soil erosion regions in the
Songhua river basin based on RUSLE [J]. Reasarch of Soil and Water Conservation,2013,20(5) :50 —56. (iin Chinese)

upstream Chaobaihe River catchment,north China [J].



5 113 R A W% DX M B B /NI RGE 52 a S0 H RS HUAG B F S 315

16

17

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

JU Li,WEN Anbang, LONG Yi,et al. Using "' Cs tracing methods to estimate soil redistribution rates and to construct a sediment
budget for a small agricultural catchment in the Three Gorges Reservoir Region, China [ J]. Journal of Mountain Science,2013,
10(3) :428 —436.

S —, SO LA S T3S AN Cs BRI S0 E XN Y R LB g (1], K B R AE R ,2014,28(3)
46 -51.

ZHANG Yilan,WEN Anbang,JU Zhansheng,et al. Sediment delivery ration of small watershed in the Three Gorges Reservoir Region
based on 3S and cesium-137 tracing techniques [J]. Journal of Soil and Water Conservation,2014,28(3) :46 —51. (in Chinese)
XM BRI, K. & W Y RS i & 4y AR AR Mo R [T]. K RORFRE iR ,2007,27(5) :6 - 10.

LIU Jigen,CAI Qiangguo,ZHANG Pingcang. Temporal and spatial variations of sediment delivery ratio and its influencing factors
in Chabagou watershed [ J]. Bulletin of Soil and Water Conservation,2007,27(5) :6 —10. (in Chinese)

TR ATE, BRI SR X RS R A C R [T]. K REEHR, 2015,35(6) :291 -295.

GAN Caihong, ZHAO Yanjie, LI Yangbing. Relation between watershed type and soil erosion in hinterland of Three Gorges
Reservoir area [ J]. Bulletin of Soil and Water Conservation,2015,35(6) :291 —295. (in Chinese)

WISCHEIMER W H, SMITH D D. Predicting rainfall erosion losses: a guide for conservation planning [ C]. United States
Department of Agricultural-handbook, 1978 ,No. 537.

AL, TR SC, A, 48, i A USLE #5570 55 4 45 B R 45 IDRIST 10 /) it 380+ 4= i i i o [T]. K R ORFE2E40,
2000,14(2) .19 - 24.

CAI Chongfa,DING Shuwen,SHI Zhihua,et al. Study of appling USLE and geographical information system IDRISI to predict soil
erosion in small watershed [ J]. Journal of Soil and Water Conservation,2000,14(2) :19 —24. (in Chinese)
AR, BRIE & CROGH S5 S0 e UM LT il K EAR S5 a9 LA T]. dbathll eoi#4i ,2012,34(1) 32 - 38.

SHI Dongmei, CHEN Zhengfa,JIANG Guangyi,et al. Comparative study on estimation methods for soil erodibility K in purple hilly
area [ J]. Jouranl of Beijing Forestry University,2012,34 (1) :32 —38. (in Chinese)

SR B AL, . WA R A S BRI (] KR4k ,2012,43(4) 1437 - 444,

ZHANG Hongming, YANG Qinke, LI Rui,et al. Research on the estimation of slope length in distributed watersehd erosion [ J].
Journal of Hydraulic Engineering,2012,43(4) . 437 —444. (in Chinese)

XUERG e 3, A AR AE. ORIE] 43 B DEM S8 I =g 2 X JE S80S BE e [T RIERE# B e 4R ,2010,27(11) 221 - 24.

LIU Honghu, LONG Yi, YAN Dongchun, et al. Accuracy of topographic parameters in Three Gorges Reservoir Region from
different resolutions of DEMs [ J]. Journal of Yangtze River Scientific Research Institute,2010,27(11) :21 —24. (in Chinese)
FOE R, 3R AR, G S e, 55, DEM A% [ %F AnnAGNPS T Ll 3t /)N I8 385048 3 AN 40 B i 10 i s [J]. SRR R 2% 2= 4, 2009,
29(4) .846 —853.

TIAN Yaowu,HUANG Zhilin,ZENG Lixiong,et al. Impact of DEM meshsize on AnnAGNPS runoff and sediment predictions for a
small-scale hilly watershed [ J]. Acta Scientiae Circumstantiae,2009,29(4) :846 —853. (in Chinese)

LIU B Y,NEARING M A,RISSE L M. Slope gradient effects on soil loss for steep slopes [ J]. Transactions of the ASAE,1994,
37(6) :1835 - 1840.

LIU B Y,NEARING M A,SHI P J,et al. Slope length effects on soil loss for steep slopes [ J]. Soil Science Society of America
Journal ,2000,64(5) :1759 - 1763.

LIU B Y,ZHANG K L,XIE Y. An empirical soil loss equation [ C] // Proceedings of the 12th International Soil Conservation
Organization Coference, Vol [I[—process of soil erosion and its environment effect. Beijing:Tsinghua University Press,2002:21 -25.
XU TE, XUBEGE, SR A, 55 DK BRI 28 ()], K R AR HF24 4z ,2013,27(2) <80 - 84.

LIU Baoyuan,LIU Yingna,ZHANG Keli, et al. Classification for soil conservation practices in China [ J]. Journal of Soil and
Water Conservation,2013,27(2) :80 —84. (in Chinese)

YAO Z H, YANG Q K, XIE H X, et al. Application of Chinese soil loss equation (CSLE) to analyze the spatial and temporal
variations in soil erosion on the Loess Plateau of China [J]. Journal of Food Agriculture & Environment,2012,10(3/4) ;1285 —1293.
LONG Y,ZHANG X B,WEN A B,et al. 'Cs finger printing technique for erosion and sedimentation studies [ J]. Journal of
Mountain Science,2012,9(1) :34 —40.

J7 B BRI Ph 1 H4E (1] SBIU4HF5E,1997,17(3) 1230 - 239.

WAN Guojiang. *'*Pb dating for recent sdimentation [ J]. Quaternary Sciences,1997,17(3) :230 —239. (in Chinese)

DENDY F E. Sediment trap efficiency of small reservoirs [ J]. Transactions of the American Society of Agricultural Engineers,
1974 ,17:898 - 901.

B e R /N R = 7 U - R AR AR i M . (D] B - Rk BE SR 1L b K E 5 AR 5 T, 2013,

JU Li. Response of soil erosion and seidment yield to land use change in small catchment in the Three Gorges Reservoir Region
[D]. Chengdu ; Institute of Mountain Hazards and Environment,CAS,2013. (in Chinese)

EIT AR EE, E s, 5. T 20 a =k PR IR U0 A AS LU A BT 5 B AR AR IS Je s m L [T ). el AR 4R, 2015,
31(15):167 - 176.

WANG Dan, SHAO Jing’ an, WANG Jinliang, et al. Estimation of sediment delivery ratio and modelling of obsorbed nitrogen and
phosphorus load in Three Gorges Reservoir Area nearly 20 years [ J]. Transcations of the CASE,2015,31(15) :167 —176. (in Chinese)
VR INZE . K A CR AR i X Vi Sk e VD S e s [J ], AKORE27 i e ,2004,15(1) 229 - 34.

XU Jiongxin,SUN Ji. Effect of erosion control measures on sediment delivery ratio [ J]. Advances in Water Science, 2004,

15(1) :29 - 34. (in Chinese)



