95 38 &5 6 1) K A PR Vol.38 No.6
2024 4F 12 H Journal of Soil and Water Conservation Dec., 2024

DOI:10.13870/j.cnki.stbexb.2024.06.028
ZE5T L RELEN , B B S A T N A AR g K SR U 3 B 1 A A AR B A G OC R AT [T ] K AR AR, 2024, 28(6) 1 79-88.
LI Jianing, ZHANG Hongli, TTAN Changyuan. et al. Distribution characteristics and coupling relationship between soil erosion and hydrologic and

sediment connectivity in Changchong River basin[]].Journal of Soil and Water Conservation,2024,28(6) :79-88.

K AN R B T R E R Sk iR EE
ST IERBEXRRESTH

FET . Kkam’, mg A, kK &', ERA

(L AL ETMO I F K AR FBE b 5T 100083 5 2. 7K FIFE 7K 4 A4 Wi 0y, A6 58 100000)
& E: [LBMT 80K aloal /N i 3 4 3842 0l 55 K SO v 8 58 R Y 2 A RRAE AR A L RN IZIK K+
TRIAHL  + R Rl 24 B G MK YE . [53%] @it GIS F & . R H RUSLE #8135 A% M3 B (1C)
U H T 1 B 48 B (CTWD 7 S IEAG K ol Al /8 3 38 2021 4F 19 - 8845 1l 1T 7K ST I8 1 % 38 P 43 A B AE , 38 358 /DS
T AAS [ i BE L A b ) P v R AR 1) o) A ] A ol 5 BE K SCR v i S P A R R o, I 25 TR) AR
Kot HHER M S K SCR Y MM A R, [ER] (D K /N -F ¥ + 52 i #50Ckh 380 t/
(hm® « &), F R AR DUOE R0 32, 8 0k T dr At m s @ #m el . (2) 7K SCUR U i 5 o 32 A A6 7E
Co, A R N = D == (S (VA R RSRU LRGP Nk = 87 95 (N ) O 1R = b B = 1K [ R S ¢4 7
U LU DX (3D 1 R R b ) FH 2 70 3 5 ) b A8 42 e R K SC U U0 3% 5 P (p <<0.01) o AR X A Y - 45
15 iR B 55 K SR U 3 T S e T AR Tl R g T T S R T AR o L A T AR R R TR o LY
BN s 45 K SCIR YD S E P e, 5°~10°H1 10°~15°3% B8, 90.30~131.9,131.96 ~175.34 m & P 1 AR 5 kb 2445
2 SRR v, BH Bk T AT 7 LA . (4D AR S K SR U I P R A IR A G, R B R IR R
R AN R b, D5 ] $2 R vh I /0N i 3 1 A 0 2 o B D0 340 B 46 ke R AT EL /K S v o 1 ] LA
U/ A AR Bl R X /N SR 2 PR BE IR B K W AR UK IR AR B R R IR S R A HE W,
KR Yeb T, K CEEE; LR ; RUSLE #7Y
FES£ES:S157.1 ERARIRAD : A XEHS:1009-2242-(2024)06-0079-10

Distribution Characteristics and Coupling Relationship Between Soil Erosion and
Hydrologic and Sediment Connectivity in Changchong River Basin
LI Jianing', ZHANG Hongli*, TIAN Changyuan', ZHANG Yi', ZHA Tonggang'
(1.School of Soil and Water Conservation » Beijing Forestry University » Beijing 100083, China; 2.Soil and

Water Conservation Monitoring Center » Ministry of Water Resources, Beijing 100000, China)
Abstract; [Objective] To clarify the distribution characteristics and coupling relationship between soil erosion
and hydrologic and sediment connectivity in Changchong River Basin, and to provide basis for soil erosion
control and soil erosion prevention in this area. [ Methods | By using the RUSLE model and introducing the
connectivity index (IC) and topographic humidity index (TWI), the distribution characteristics of soil
erosion, hydrological and sediment connectivity in the Changchong River Basin in 2021 were quantitatively
evaluated by GIS platform. The effects of different slope, land use, elevation and slope direction on soil
erosion intensity and hydrologic and sediment connectivity in small catchments were discussed, and the
coupling relationship between soil erosion and hydrologic and sediment connectivity was analyzed through
spatial autocorrelation. [ Results ] (1) The average soil erosion modulus in the Changchong River Basin was
380 t/(hm?® * a), and the soil erosion intensity was mainly slight erosion, which gradually intensified from

north to south. (2) The high hydrological and sediment connectivity is mainly distributed in cultivated land,
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and the opposite is true in forest and grassland land. The higher value is mainly located in the low-lying flat
area with low slope and easy water accumulation, while the lower value is mainly in the steep mountainous
area. (3) Topographic factors and land use types significantly affected soil erosion and hydrological and
sediment connectivity (p<C0.01). The relatively low soil erosion intensity and hydrological and sediment
connectivity levels, the higher erosion intensity and connectivity levels accounted for a higher proportion of
arable land, but a smaller proportion of woodland and grassland. Among the hydrological and sediment
connectivity grades, the proportion of 5° ~ 10° and 10° ~ 15° slope, 90.30 ~ 131.96 and 131.96 ~ 175.34 m
elevation area is higher. The higher the grade, the higher the proportion of sunny slope area is. (4) Soil
erosion has a significant positive correlation with hydrologic and sediment connectivity, mainly reflected in
slope, slope direction, land use and elevation. [ Conclusion ] Improving the vegetation coverage and dominance
of the Changchong River Basin to reduce its hydrologic and sediment connectivity can effectively reduce soil
erosion and sediment production, and has an important impact on the ecological environment management,

water and sediment control, and scientific prevention and control of soil and water loss in the small

watershed.
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Table 1 Soil erosion statistics in Changchong River watershed
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Fig.7 The proportion of slope, land use, elevation and slope area of different sediment connectivity grades

x2 tTEEME
e

Table 2 Bivariate spatial autocorrelation analysis of soil

MEZRSKLRDEEBENEETEBHE

erosion influencing factors and hydrologic and

sediment connectivity

R odt JK 3% AUSCS ke
IHE Moran’s I HIXZREK Moran’s I HIXFRH
Wi BE 0.015 0.056"~ 0.018 0.062"
THAA 0.043 0.083" " 0.035 0.074"
=y 0.034 0.067" " 0.036 0.065" "
em 0.021 0.074" " 0.019 0.082" "
e o RORHRMERZF (p<<0.0D),
4 I it
F ] /)N I SR A L e fORE AR o, A b R 26

B Ve It | R L AR PR AE AL Al T RESE T
AN N B HBIE AR M N Bl A R

PG . XBEAE DA T 2 B0E A IS 9P E 3 /)
Ik 2020 4F 3R i B HIR MR RRAIE A5t R0
JRE RV P 0 ol X WA A5 S Ao 1F 2 Mt 1 K50 1 X
SR s TE) R, A ) DI AR B ARk Oy 32 |

RIS RIS A TS R A Al FEE
AT FE S B A M) P 28 B 52 0 7K SR T 3 3
‘@%Hiﬁ%ﬁ’fﬂ”’“ﬂ:ﬂ’ﬂé%l? EEREY R S T RuR]
AL PG ARG L g X 3 o A 90 0 322 5 M O T 5T 45 1
bR 2R T A e AR ik 5 Y8 VD ol R A O R
HAE 220 350k o B A U v % i L bR
YD 34 18 PR B 55 A 58 0K e g /N 3 3 ) 0 B 245
R, MROE A B IR A K SO i L X
JE H T AR M P A B4 R B R K O PR R BE
FIFUK Y PERRE T B0, b 3R 04 A8 B LA 7% 4TI DL
S5 A DAL U 9D e AR ok 4 S A TRt A B [
R AR TR A 0 8 = B2 I T MG 7 i e T 2%
PER ARVA Dy vh il 30 338 JMOK K . RBER AR 25
K SCA AR B Y 9 15 1 T ke o = AR O v
KA P A BE Ty, BN ThRDRE BE L S K AR
Ui AT LA K SC U v 3 3 A R AR e R kL i
LB e W KT 3 3t R B K S i 5 M gy A
AR BT A5 R — L
ESRUIRTINANS R Wi BRI e A R W T ST E U
il o S T B A M P AR I 7 AR P A T, B 1R

http: // stbexb.alljournal.com, cn



86 KO FE =R

% 38 %

- HER Ak, AE D AR X N AR P L K S
T b 372 388 A5 5 I A S0 R G i i T e, R R
T B T A AR PR A AL R L DA Y SR AR
TIAT LA ) RN I AR T, R R A SRS R L
AT QL B 5T 45 R — B, B ) 2 e K S
P Vb vk F IR RN, AR,
25 (R iR RN K SR U 3 S M S G 45 S
15> BRI AR T o7 LR s, E R T A S %
215 Z0 0 K PR G, (A 49w il R R 1 ROK £ 0
26 UG 348 K i 9 3 U A Bz L A AR LA AR R v
B, ARSI K, %N AR i 5 K SCi
Wi E A TER A R, B W M IE ARG, E B R B
7 A A BB B ) A R S R . — Dy T
A2 1l T BOK IRV HE A KR WUAE K AR e v B
o A0 B R L DT S A K SCUR Y 4 8 5 55— T
TR S Vb % 38 M 1 R 55 5 ) 4 S84 Dl 1Y) 5 BE R g3
A7 UNAE A% T 2 8 1) b X, U8 U0 25 ) o o il R 3 5 DA
7 o J] 4= 4= o)
5 4 it

(1)K whyr /N 38 380°F ¥+ 542 B 5k 380 t/
(hm® « a) , FRUE R, 342 1l 32 22 % A8 78 HE i
PR 3 BE K R K o A AR R A 2 Y XK
TR/ IN 3 I VD 8 ST I (EC 2,69 bR TR 25 8
114 Bk A A 5L v 3 3 1 PR | b EL A G 3
P o K RTINS K S M R = AR v L R R
IR RFAE

(2) M J& PR~ b A FH 2SR 6T - S8 42 ol A1 7K SC e
VI S P Y P A S R AR IR R R kR B
K SCUYR VD% 8 PE A5 35 o A2 ol i B 5 37 3 M A5 0 BF
b TR R (5 BL R R TR R B N, 5T~
10°,10°~15°3% £ Fl 90.30~131.96,131.96~175.34 m &5
T T RRUTE 4%+ HE 42 h ik BE RN K SC R v 34 i M A g
o7 R 2 s AE 0~ 5B B v, - AR R B R R R 1
AR L TR R b RV A G~
IV ) Bt 25 338 T R o b 398 0 i T 8 7 5 K S i i
Eh SRR, 0~ 5 F1 57~ 10" 3% BF Y 1 AL 5 b
G 5 A5 AR GO R B 3 T RRUT o B B

(3) 7 8] [ A &40 A 45 o A 3942 okt 0 52 g [H) 22
A48 - MR 3B I e R g R S K SC Ul v i G
oy 5L 0 3 0 2 ) 1 AH SV L 4% 5 PR 2R 5 K S i i vk
B9 23 ] [ RE G M 5 55 K R Sy - Hb R > e R >
Tia) =33 5 5 5 00 U 3 30 P 14 25 1] [ AE DGk 5 55 AR R
o > R R > 3 1 > R S AR R

Wi 7K SCYE P S PR ) 32 R R S K e v
e PEAETE R DDA I AR . i 0o B e A B 1 R L f
JE R I B bt A O R0 A 2548 A A 5 B AR
AN K SO v i 8 P AT DA R/ A AR el R K
R R

SE Mk

[1] ZHAO G, MU X, WEN Z, et al. Soil erosion, conser-
vation, and eco-environment changes in the Loess Plat-
eau of China[]J]. Land Degradation and Development,
2013,24(5) :499-510.

(2] A=k, R vkvk, 22 5. + 5612 1l 5 K -+ OR F OF 90 3F R
(17, +- 482 4] , 2008, 45(5) : 802-809.

L1Z B, ZHU B B, LI P. Advancement in study on soil
erosion and soil and water conservation[ ] ]. Acta Ped-
ologica Sinica,2008,45(5) :802-809.

[3] AMOROS C, BORNETTE G. Connectivity and bio com-
plexity in waterbodies of riverine floodplains[ ] ]. Freshwater
Biology,2002,47(4) :761-776.

[4] SORENSEN R, ZINKO U, SEIBERT J. On the calcula-
tion of the topographic wetness index: Evaluation of differ-
ent methods based on field observations[ J ]. Hydrology and
Earth System Sciences,2006,10(1):101-112.

(5] F™Wi 7, 5 35 55, FEAR T 45 U8 10 3% 3 1 OF 9 O vk O
[T B8R 5T . 2021,46(2) : 59-65.

YAN X Q. JIAO J Y. TANG B Z, et al. Review on
study approaches of sediment connectivity[ J].Journal of
Sediment Research,2021,46(2) :59-65.

(6] KOG I\ 398 42 ot £ B2 14 R Y 0 3 [ ] K B 2 ik
J&,2021,32(2):295-308.

ZHANG G H. Understanding sediment connectivity
from soil erosion perspective[ ] ]. Advances in Water Sci-
ence,2021,32(2) :295-308.

(7] BREEIRLEE, 2 PR M, 45 26 T 1 S 42 1 Sy 8 1% 38 1T 7K
SCHEE MR ST R (] ].7K 3C,2023,43(6) :14-19
CHEN L, HU Y X, LI Z W, et al. Research progress
of slope hydrological connectivity based on soil erosion
[J].Journal of China Hydrology,2023,43(6) :14-19.

(8] 117 . B L I e 18 AR DX 358 1 09 v 3% 5 5 =X K HL X 42
VO AR S R LD BRI 4% - U LR AR R, 2021,
BAI L. C. Sediment connectivity mode of silt-dam in loess
hilly and gully region and its influence on sediment retention
efficiency[ D]. Yangling, Shaanxi: Northwest A&F Univer-
sity, 2021,

[o] ZKJy, ikt RAREE, 5. e IL i E0E 20 4F + 4= il
i 28 AR A e 9K 3l PR a0 B ) 0. K R R 22 4k . 2024, 38
(4):29-37.

PENG D L., ZHANG B, WU L P, et al. Temporal and

http: // stbexb.alljournal.com.cn



% 6 3

5T A R PN U AR 5 K SC YR U T 8 P 0 A AR SR S 0K B T 87

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

spatial changes of soil erosion and its driving factors in
Longchuan River Basin in recent 20 years[ ] ].Journal of
Soil and Water Conservation,2024,38(4) :29-37.

b B p L R SO, AF T RUSLE S5 2 i —
RO Lyl S AR b A R AE 4 A LT 0K AR AR Al
2024,38(1):113-121.

WANG L Y, ZHAO T X, ZHU W B, et al. The spati-
otemporal characteristics of soil erosion in the Qinling-
Daba Mountains based on RUSLE model[ ] ].Journal of
Soil and Water Conservation,2024,38(1):113-121.
JIANG C, LI D Q, GAO Y N, et al. Spatiotemporal
variability of streamflow and attribution in the Three-
Rivers Headwater Region, Northwest China[ J].Journal
of Water and Climate Change,2016,7(3) :637-649.

M E [, R, EZE 4L, 5508 30 4F #5g 79 K00 1L+ =
ol 2 A A R R X S LA SRy |y o 07 ) . K A= PR A
2024,38(3) :37-44.

TIAN C Y, ZHANG H L, WANG ] H, et al. Tempo-
ral and spatial changes of soil erosion and its response to
landscape pattern in Dabie Mountains of western Anhui
in recent 30 years[ J].Journal of Soil and Water Conser-
vation,2024,38(3) :37-44.

AR AT R TR AL RIORS XS v S/ I 3
V3% PR R ) ] AR 452741, 2023,43(9) 1 3756-3765.
WANG R H, XIN Z B, LIANG X Y. Effects of terrace
and vegetation on sediment connectivity in a small
watershed on the Loess Plateau ] ]. Acta Ecologica Sini-
ca,2023,43(9):3756-3765.

T, TR AR A b b R AR b x g v i e K
e vb i ¥ 152 ) < LU PR B A OISR X O L) .
K PR R ,2021,41(6) 171179,

FENG B, ZHANG X W, XU M, et al. Effects of land-
scape pattern change on sediment connectivity and sediment
transport: Taking Fuling shale gas production area in Fuling
area of Chongqing City as a case area[ J ].Bulletin of Soil and
Water Conservation,2021,41(6):171-179.

Lh 55 B v U el A 2 B R K P 3 5 P 1) S e F 5
[DI.74 % . 75 % B T. K%, 2019.

MA' Y Y. Impact of ecological construction on water-
sediment connectivity in Wangmaogou Basin[ D].Xi’ an:
Xi’an University of Technology,2019.

XI5 AR T 5 o I 00 3 L A PR S
(1] #3F5% . 2016, 35(1) : 195-202.

LIU Y. Landscape connectivity in soil erosion research:
Concepts, implication and quantification [ ] ]. Geographical
Research,2016,35(1) :195-202.

BEVEN K J, KIRKBY M J. A physically based, variable

contributing area model of basin hydrology/Un modele a

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

base physique de zone d’ appel variable de 1” hydrologie
du bassin versant [ J . Hydrological Sciences Bulletin,
1979,24(1) :43-69.

VLSE B B VE L, A 22 B L XK AR e R X
FURE K il 2 S MBI 5 () ) AL 5 0 K24 2 4 (A A
B2 R ,2021,57(2) 1 265-273.

JIANG W, HU Y Q. WANG ] H. et al. Natural rainfall
affects soil erosion of typical vegetation in Dabie Mountains,
Anhui Province [ ] ]. Journal of Beijing Normal University
(Natural Science) ,2021,57(2) :265-273.

KR HEF, 280 T DEM 1Y E 18 5 8 40
N7 F 5 HE L) ). s BB 22 7 J L 2005, 24(6) : 116-123.
ZHANG C X, YANG Q K, LI R. Advancement in top-
ographic wetness index and its application[ ] ]. Progress
in Geography.2005.24(6):116-123.

WESTERN A W, GRAYSON R B, BLO SCHL G, et
al. Observed spatial organization of soil moisture and its
relation to terrain indices[ J ]. Water Resources Research.,
1999,35(3) :797-810.

BARLING R D, MOORE I D, GRAYSON R B. A qua-
si-dynamic wetness index for characterizing the spatial
distribution of zones of surface saturation and soil water
content[ J |. Water Resources Research, 1994, 30 (4):
1029-1044.

AT A, W R B, ST AT A AR AT Ll R o K
0 e i R N o N v TR I A R ES N
. 2023(2) :1-3.

ZHAO C P, WANG H, DU C X, et al. Soil and water
loss in the national key prevention area of soil erosion in
Tongbai Mountain and Dabie Mountain in Huaihe River
Basin[ ] . Soil and Water Conservation in China, 2023
(2):1-3.

BRI B A T E SRR B R DR IR R R
R G LA RO T B ohoR g B[ kT 3 50
2021,18(6) :15-19.

SHAO W, JIA S H, JIN N L, et al. Exploration and
practice of planning of characteristic protection villages in
Anhui Province: A case of Changchong Village, Lujiang
county, Hefei city[J].Urbanism and Architecture,2021,18
(6):15-19.

FSCWE Wz, X Te R AR S R R ARl i T
B sE )] R4, 2002, 22(6) :705-711.

ZHANG W B, XIE Y, LIU B Y. Rainfall erosivity esti-
mation using daily rainfall amounts [ J]. Scientia Geo-
graphica Sinica,2002,22(6) :705-711.

W2 X 5270 . B SO AR D P R T AR T L ] K R AR
FF¥ R .2000,14(4) :6-11.,

XIEY, LIUB Y, ZHANG W B. Study on standard of

http: // stbexb.alljournal.com.cn



88

P nt S N

% 38 %

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

erosive rainfall[ ] ].Journal of Soil Water Conservation,
2000,14(4) :6-11.

WILLIAMS ] R, ARNOLD J G. A system of erosion-
sediment yield models[]].Soil Technology,1997,11(1):
43-55.

MC COOL D K, BROWN L C, FOSTER G R, et al.
Revised slope steepness factor for the universal soil loss
equation[ J ]. Transactions of the ASAE, 1987,30(5):
1387-1396.

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

SRR, TR0, iR, 5 1] USLE #2815 3 35
LA S8 IDRIST 0 /N 97 38+ 38 4 ol &k pg BF 5 (0] K £
PRF5 24 . 2000,14(2) :19-24.

CAICF, DING SW, SHI Z H, et al. Study of apply-
ing USLE and geographical information system IDRISI
to predict soil erosion in small watershed[]J].Journal of
Soil Water Conservation,2000,14(2) :19-24.

TEVEMR BRI T RUSLE B8 (1 22 BURR IR B+ 442
Tyt 25 728 A T HG S o TR 3R 43 AT [ . %2 Bl B, 2023, 33
(2):162-170.

NIE Z D, CAI S X. Temporal and spatial changes of soil
erosion and its influencing factors in Langxi County,
Anhui Province based on RUSLE model[]]. Geology of
Anhui,2023,33(2) :162-170.

BORSELLI L, CASSI P, TORRI D. Prolegomena to
sediment and flow connectivity in the landscape: A GIS
and field numerical assessment[ ] ].Catena,2008,75(3):
268-277.

FevKii 4 BVRE, A M, 5B I X R kb 48 B 09 %
Wi - LAE A B A 2 @ X BT K 4 PR R 5T, 2023,
30(4):184-193.

QIAO BJ, YANG Q K, WANG C M, et al. Influence of
terrace on erosional topographic index: Taking the second
sub-region of loess hill as an example[ ] ]. Research of Soil
and Water Conservation,2023,30(4) :184-193.

22 YA 25 ) [ B AR R R HoAl LT ] g8 i o
2004,21(6) :48-51.

LI XY, GU L. Space autoregressive model and the relevant
estimation[ ] ].Statistical Research,2004,21(6) :48-51.

rhie N IR SRR K A AR S AR ko 2 A bR . SL
190—2007[S1. b 5T« v [ /K F) K | H b AL 2008,

[35]

[36]

[37]

[38]

[39]

[40]

Ministry of Water Resources of the People’s Republic of
China. Standards for classification and gradation of soil
erosion: SL. 190—2007 [ S]. Beijing: China Water and
Power Press,2008.

R o T T I I A T N o A N e o X 19
FFRI R A A LT K PR 358 4, 2020,40(1) £ 85-90.
DENG W, WANG J J, BAI Y. et al. Characteristics of
soil erosion and nutrient loss in small watershed on upper
reaches of Kulii River[J].Bulletin of Soil and Water Conser-
vation, 2020,40(1) :85-90.

oI R NN T o= N B e 4 = g
(] 73 A5 454 b 5 WO 19 56 R LT ] B 8O 6 R 2722 i (A
KRB 2017,40(3) :265-270.

ZHAO M S, LID C, CHENG X F, et al. Spatial char-
acteristicsof soil erosion and its relationship to topogra-
phy in Dabie Mountains of West Anhui[]]. Journal of
Anhui Normal University (Natural Science), 2017, 40
(3):265-270.

A L B RE A L S L TG AR L A A B XN U D
U3 PR b e Tl Y S (R) 43 A R R LT 0 T 2R 25 %
1R ,2023,34(3) :726-732.

WANG J N, JIAY F, FAN H M. Spatial distribution
characteristics of sediment connectivity and soil erosion in
small watershed in brown soil hilly region of low mountains
in western Liaoning Province, China[]].Chinese Journal of
Applied Ecology,2023,34(3) :726-732.

o 55 W AT 3 Ja8 b ) P A A X K S T
WS LD ] ALt A2 AL L Jy ke, 2019,

YUAN Y N. Impact of land use and vegetation change
on hydrological connectivity in Xinshui River Basin[ DJ.
Beijing: North China Electric Power University,2019.
AR A B AL ST InVEST BB TR
B g 5 5 R R OF ST ] K L O R4k, 2023, 37
(5):189-197.

HUANG Z H, YU J, FANG L. et al. Research on soil
erosion and influencing factors in Qingyi River Basin
based on InVEST model[ ] ]. Journal of Soil and Water
Conservation,2019,37(5) :189-197.

2R 4 JRU T AT it 4 90 v 342 3 1 1 e s AR R A 5E [ D] L
AR )R, 2021,

ZHU ] F. Spatiotemporal variation of sediment connec-
tivity in Xinshui River Basin[ D].Beijing: North China

Electric Power University,2021.

http: // stbexb.alljournal.com.cn



