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Abstract; To further reveal the changes of relationship between runoff and sediment and its influencing factors
on different time scales in Chabagou watershed, based on the data of annual precipitation, runoff and
sediment discharge, rainfall, runoff and sediment discharges in 106 times floods events from 1970 to 2016,
the change trend and abrupt change points of runoff and sediment discharge on inter-annual scale, runoff-
sediment relationships on inter-annual scale and on flood event scale were analyzed by using the non-parameter
Mann-Kendall test method and functional model regression method. The results showed that annual precipi-
tation in Chabagou watershed increased significantly, while runoff and sediment discharge had decreased
significantly from 1970 to 2016, and the abrupt change points were detected in 1986, 1991 and 2001, and
1982, respectively. The change trends of precipitation and sediment discharge on flood event scale were
consistent with the change trends of precipitation and sediment discharge on inter-annual scale, while the
change trend of runoff on flood event scale was opposite with inter-annual scale. The study period was divided
into three different research periods:; 1970—1981, 1982—2000 and 2001—2016 according to the abrupt
changing points. The relationships of both the flood peak discharge and runoff depth with sediment discharge
on two time scales were significantly described by power function. The runoff and sediment relationship and
its influencing factors were complexed in Chabagou watershed, which was mainly related to the benefits of
soil and water conservation measures such as check dams and vegetation restoration, and the increase of
frequency and intensity of extreme rainfall.

Keywords: runoff and sediment relationship; time scale; flood event; sediment discharge; Chabagou watershed

s B #:2020-10-24 &5 B #3:2020-11-16

FENI B B R E A AR H (2019YFC1510705,2017 YFC1502500) 5 1K YT R} 27 B Hh e 2 08 25 PEBLIE B T 3k ARl 55 2% (CKSF2019185/ TB)
1 R (1996—) 2o I PU AT N A A0 B0 9 A 32 B S K AR Rt 4R ik e v 5 P A9 . E-mail :411453449@ qq.com
BEMES . TR B MM A B EEAES T EENF L ER MK AR L IR 535 5 M A58 . E-mail: dingwf@

mail.crsri.cn



82 S o S

5% 28 &

B T 0 H R, AR R A I AT AR
BOAE W Tl A b e SCa . KRk, B
9 N T Bl DA B 4 3R A8 AL 45 TRV R S B0 Bk
W2 KD R AE ) B, K VD OC R AR R B 4
J 2Lk B A M AR d ™ b X, MK £
TR = E M, [ 20 el 50 AR LI 3. H BUM B
HEIA] P A HAE N A K AR TAE R A PR T
— RV TR, A& BT & A - # % J8 L A7 5%
FEHIK R . 20 AR, St iR B 2 -+ & R/
BRI XK 2 R IR HEE 46,1 %08 = 80.2 %, 2
AIRH R FE . 2000 4E, & RELEE 3 T B HF
MR AR A A TR M B R R R R it R R
2015 4, 2] i fiE 1 K R R IR ELE B ik 60560,
To DG4 1) 3y S 0 A 35 A V0 o Al N 20 22 i Y
15.92 12 t W /b 3] 2000—2018 4EHY 2.4 ¢ t, Hivp
2015 4R Vb AR 0.55 42 ¢,

T VD AR R K A I A R R, Bk 4 BR
VIS US A iR S P a1 B2/ 0 S e wk S it
PEYDRYEE F B, T R M kb B bR e v 4
HASR IR X VR Ay R BT ) — 28 52 30 22 B 9 S
TFFE B+ R VA B X+ ARl DL Sk v 6 3R 1 AR IX
SRS gt DX O D 50 A Ay B 5 R A T R A
filt s 1A 28 CVA IR OK D 06 3R B AR Ak R 52 e K 3R
XA FRHE 4 B I A X ) 2 A R A K R B A
FEIRE L, A LA A AR S 5T A 20 4 80 4R
PO &I b, B AT R 1V 2227 35 1 0 It 0] i v o
AR AR, J& FEAIF ST, 7 T Sk B 5 K VD 56 R A A ) AR S
PR OR[E] 23 (8] ROBE T i e v & s e v vk
2% U IBE UD R A DL R Y Vb B Sy 2 A0 i
OS2 R . {H K 2 500 58 I B T R ) 25 ) R
YIRS S FR AT G ST kAN ) s ) RUBE T A 9 ek
KU S FR BT D, A S i g3 B A I T R
19702016 4F Y 42 Uik & v 25 Ak R A , 43 4F B ] )R
JE DA Ry koK st ) ROBE TR 3L Sk K Vb 26 R AR Ak R A
S R 2R S DAY Sk it B K v A5 A S ST (R AR A

1 WFZEXHES

SRR AL TR A TN B8 T v R
T — R X, M R 28 109°47" 646 37°31, Vi
1205 km? , YAV 1.05 km/km? , T8 FLFE 7.57%, . 1
PR 900~1 100 m™ , J@ TR IX, R K plik 2
RSB, T R B8 TR A P9 43 BEAS 387 SR 43 4 v F
6—9 H . H 2208 i B 5 DT i R

S B e g P R R ZE R A L B
R RTE 1959 4F, 7 B IR A K i R HE T
YERRETFIR 70 AR - I8 P o S 7K P28 i b 300 A e
IR AR G, B 1977 AR, Fir e 2 2 04k i 1k 444
JE L EPEZR 2 651 7 m® ., 2 1980 4F, 72 15 4 v dul 3 3L i
UK 30.7 ke, 7 BT B 1590120, #R & 1993 4F,
KERFFRBERECER 70% L B, 90 /05
9,2 T g kel B [ K5 1 R T R AR A K £
PRFE T AR ARSI I B A 55,

2 BRI B Ak P

2.1 HiEkiE
RSO ARG TORHE A T PRk SCAR 48D, B4
o 3t A KBS DA B K Sl A3 g T B aE (1970—
2016 4F) , ARUMIFEERE 4 A2k, 73591 g 1R IS ik X1
SIS A vl RV Bty B R I 1.
x1 MWHEFER

i

v 4 eyl 4R K T AR
K& | 2H

IK 3

By L 109°59"  37°39" 187 km?
T v

1S Y 109°48' 37°46' —

X ZK IR W 12 v 109°51" 37°46

Wi R W &l 109°58' 37°43' —

2.2 HiEALIE
2.2.1  REKREIEAE  —RSEE A UK F RS
AR T 4t 4 0 3 3 3 DA L B AN 3 AL R AR R A
1 ORI B 8 Bk T FeBR B L A5 B Y it
WA R ORI AR U AL R oY AR DR RO K B VD R
(ESY) R A (D 3H5 b g i i (Q. » m® /s) 12 Ui
T R Y B KA AR (H mm) |, BRI 15 37 S8 i
FZ s R BT & (P, mm) , B — YR PR i 5 BT
(D h) R BRI 5 P-4 R 58 B2 (T mm/ ) L B
R T 5 % TR D B 22 B DL R AR R R BC(R ) L RIAR R
TR = 2 b,
ESY =X SqgAt (1)

K ESY KV B O s Ar SH7K 3L K 3C
S g B 0 1) B Cs) s g b A ¢ BETE] D B P A O B
(m®/s)sS A A B [E] ] B8 9 A AR 00 & P (1/m®)

PTG B 3 0 HR 0 v, R O 0 R KT
1 m® /s A XF 0 B R I S A i K o R R AT 43 B L S it
106 kK F 14,
2.2.2 FREBEKRKFBAE NEFFAER R E T
R W AR I R VD AR i 2 A Y 6 R L SR FAR S B v



553

FRE 5 e A < AN [ I [8] RS 8 L9 ok U0 56 R 2 83

W (ESY, . 1 O i RHEIE R & (Q.., m*/s), Rl —
AR rp 4 R TR S0 v B e R Tk D I A AR P AR U
W(H, »mm) AEFEE W& (P, mm) A F B 12 35
ZR(R DOV AFE B K 24 h W88 (1., » mm/h) 25
AR AT 4. R Mann-Kendall # 5 3:28°0
Xof A RUBE T 5% 7% S iR 47 8 34 O3 B R 58 28 ARG, 4K
PEAL BRI 2R ] Excel 2016 DL K& SPSS 25, FIZ % %
A ArcGIS 10.2 LI & Origin 2019,

3 &iR50br

3.1 EREMRTEDW

22 WoR T4 U A I T A AR U A RN VD A
MAEBRAE L, 1] LUE R B R 3 i A R e S
v o SN R B [T AR R RN VD R B R
{E 2 BIR T MH 13%,23% F1 117 %, 5 /IME 53 5
FCSF3I{EL/N 1390,20 76 A1 80 00, AFFRASfL AR

*2 REBARBERWE.ERREMNHPESIT
& KE i /ME 2000—2016 4
PR NS SLEN 70s FXIH  80s FIME  90s FHME
€320 €20 449 18
%W &/ mm 396.95 636.61(1978)  206.12(1997) 366.43 387.42 346.57 450.15
B/ m’ 691.84 1840(1978) 212.2(2010) 856.78 694.69 767.37 553.15
Wb/t 103.21 501(1970) 0.016(2007) 159.88 78.07 224,31 20.14

3.1 SFHdEAR A ARYE I RN PR, 7E
ArcGIS 10.2 H12Rk B 28 #% 2 th T8 35 1 550 U B R wh
LIPS IR T A R L W 1, MK K5
M WL 2.,

Biitig Z2=2.75, 17| >2.32, W 4E 4T & 76

700
o o HBEE
600 F b - BRA L
a
E s00 | g I4:”“\:/\ o
B 1 elm e /\NE\/
5 of\.--f-
2 AR T
B o o
300 g L g Yo L/n
200 o
1970 1980 19&0 2000 2016 2020
1 EREETHhIE

3.1.2 AT E/A>A B 3 RIREAFERS R &
| Z1>>1.96, FWHFEL R ETE 95 % Bf5 /KT 2B #H
2000

T o RRE

1600 | ... BRI E L
g o]
R1200 | o o
i ':3'\ m /n\ A
2 800 | Rl B Ao Hd
E ':'hu\l:{ anl:{ /‘:"E" “\g-m- \ _/ o

wo L0 R B AR

a

1970 1980 19£'9£0 2000 2010 2020
B3 FRRBT4dE

3.1.3 FWi TR TR T A8 b R

A IE 5, M-K fedo M Z WK 6,451 & Z=—3.13,

| Z>2.32, FWFER VP BAE 9990 BAF KV L2 B3

Ay S T N S U I IR Al =R A

1982—1983 4F, it 1982 M VP m A RAL &,

99 % EARAKP b 5 R E WG S, W3 KO m A2k
P PG 22 A5 4 WAL T 1972—1973 4FE 5 1986—
1987 4%, fH 1972-—1973 4F Jo A 91 0F 52 £ 45 , JC 1 i
E TE BG I [8] Bt 9 kA2 A8 L T LR AR 2 A58 AR R
g B RE TR T 1986 4F AR

3
2
moq
M
> 0
A — UF(K)
——- UB®
2
1970 1980 1990 2000 2010 2020
F
B2 ZFBEWE M-KREHME

Ay Sk T i N B T N O R vl i |
AT 19911992 4EF1 20012002 4F , BI4EA2 i 7 %
AR R 1991 4F 2001 4R,

3 .

2

1
0

M-K{&

—— UF(k) V\/
3F ——- UB®)
- 1 1 1 1 1 ]
1970 1980 1990 2000 2010 2020
F
B4 FEREM-KEHEL

AT A A AN N R 28 A 1 (ELAF i VD 4 7
1982 AF- & A= 2848 (1 J PR 70 AR 2k 16 A2 A i by 30 7
XA B 7 R T S AT R el A 7K ik o i o o
7 A K L SRR AR Y L1991 4R ) L 7 A A
S0P DG A U M 300 [R] 6 22 94 J 8 Landsat MSS/TM



84 | N S £

5% 28 &

R JEGERE I AR, AR R R R S b AE K
A B 7 55 A el e IR 55 R ) b s 7 T R A Ak
F 2007 4, A 55 B L b s B R R e B R R 4 N R
51.33%0,26.95 % Fl 20.65%0, X BE & AR AR I 1 A R AR

500 B o du
. 400 | o —o— HBR
lg ----- WY E L
g 300 |
2 200 g %
= L a]
R A

o b HEENE 58 gphlugss
1970 1980 2000 2010 2020

1990
E

Bs5 S@mrEide
3.2 RHKHRTEBESH

K FAE By v 98 738 o5 1982 AR B BF 58 ik BE Rl 2
WA B30, 55 — T 19701981 4F, 3k 60 33tk ,
2 LB B T A% BT ()5 5 2o 4 R A 43 SR B

5 1991 4R 5 B8 _EIH A SO BRI RN . Jlad M-K
PRI AP [ T L 0 o e T AR O A VD R A R &
I B R XA EIE T I 4 30U B LA e A AR A2 55
K A AR X A i D K 3 R P AR AR AR ]

2
1 -
m 01—
0l
=
-2 \ p
— UF(k) A\~ ————n \\
3 F —— UBK)  ~_- ~ N
-4 1 1 1 1 1 1
1970 1980 1990 2000 2010 2020
4

6 HHILE M-K KL%

FIEE =, 58 — i 2 1982—2000 4F, 3 28 It
IK S =2 2001—2016 4E, 4R 18 itk 3 A4
B} S0 B 5 A% i A SE Y LR 3,

®3 HRELETFHE

i/ L g 4/ BRI/ R W o/ W I i e 8/ b/ (=¥
AR & (m* s ") mm mm Jibt/h (mm-+h") Tt E4
1970—1981 63.48 2.53 27.13 8.51 4.66 21.65 0.30
1982—2000 52.04 2.17 25.15 5.78 6.95 17.07 0.13
2001—2016 54.95 3.55 45.93 13.22 3.56 7.04 0.05

FH 2R 3 FIHL, U0 f AAR I 3R B /N R 3, HLU
/NIRPERR .5 1970—1981 4FAH H . 2001—2016 4F- 4 V>
SRR R B D> T 29 67 %0 FN 8304 Pk i AR
TR L % RN R B T U A ZE 19822000 4E [EAIK. 5 1E
20012016 4 L34 i, {5 3% 06 3 & 45 1% F 19701981
AEYME L0/ 1300, A2 Ui TR (A T o L A T DO I 341K 1
1970—1981 AFE34{E L 43 BIFG N T 40%6,69 Y0 F1 55 %4,

bl 5 AN [ B[] RUJBE R R 98 48 f ) A8 Ak e 3, A 31
ok W St A A D A A RUBE R K ROBE R SR 98— 2,

EAR R AR P K RO T 23 ka3, 58 KR,
BT AT R AR R 0l /D HL T K R A R B A
2001—2016 W M EA L 70 FRER S B D
3/4 1 K& HE B BE K B 70 ARARRY 1/3, i/
R P 3 R AR B /N

3.3 AEMEREKDXREIFERSH

3.3.1 SRR R E 3 54 A E S I U R
A HF s 3] U It K A R L AR O R DR T AR R Y B R b A
K RBUERE 19701981 AEAYTHA LS IR 4.

Fa 1970—1981 ERBKARTEMHEXREER

S8 Q. H P D I ESY R
Q. 1 0.771"" 0.330" 0.054 0.225 0.877"" 0.066
H 1 0.580" " 0.424" " 0.130 0.942" " —0.018
P 1 0.715"" 0.190 0.464" " —0.209
D 1 —0.318" 0.280" —0.150
I 1 0.137 —0.213
ESY 1 0.010
R.

T x x RORTE p<<0.01 KF ERFMRK, x FIRTE p<<0.05 KF _ERFMK,

1970—1981 4F ESY 5 Q.. H Al P HA M B F 1
AL 5 D 2 B EMXPE, RV Q..H,.P LI D 1E
BEAE 5 B I ESY 19 2w P &K, 19822000 4F
ESY 5 Q.. .H Fl P HA7 i 2 1 40 M, 20012016

AR ESY U5 Q.M H BAM R F MK 5 P 22
FARSCE B iR SR B B MO BT A
HEPEAT RS A 25 R LA 5,

ESY % 3 N #I¥ 5 Q.. H Vi Kk P HAG W3



553

FRE 5 e A < AN [ I [8] RS 8 L9 ok U0 56 R 2 85

ARk H AR F VESY 5 Q. f H AKX &
B N 3 AR E . AR T E R B 2 3l (H IR A7
p<<0.01 K- 5 W ZEAMCH., Mg ESY 5
Q. F H ) 1] 3 J5 A&, a1 9 A A 1) g E R KT
0.9, ULB] ESY A5 Q. fl H 778 R I 19 7 R 5k
o H M Qv LRI S B VD g 7 . X AEVF £ 2%
HH R R C &, (A5 Zhang'" | Zheng
TR R SR a2 &M LR A R
ANTR] S A SCHIF 58 A5 1 1t UG 3 o RN A2 U R 5 i VD i S
PREUCER X5 H RSN i —38. % &
ARICRH H AR R m N R 0. 5 P,D [ ik B
8PS EATZ B A A SCHE  BOR P F D /R nl

A7 #4550 B
5 MRTEESRBKEVENENRFRE
it 39 EYEY¥i RE R
1970—1981 ESY=1.573Q%" H"*"® R*=0.967
1982—2000 ESY=3.505Q%*" H """ R*=0.959
2001—2016 ESY=0.013Q.** H"" R*=0.909

EY Syl T = B QA2 A = O R TR U i)
SRR R, A R BOAE 19822000 4F B K, 7E
20012016 4F s/, KU EIR S22 S AE 3 A1
Xof i V> T 5 ) R St e 3 R N ) A AR
X IO P i BIOER R, 2% B B X i VD o 1 R T R KL
A IS A2 3t R 0t i v B B S ) R T Tk A L AR T
2001-—2016 4 b e Y e A9 8 25000 I 498 K, A28 v R )
G . 35 7 Ak, 2 BH 1t UG 3t o T v R R S R B KL [
A o] A AR AR (1 R AR KNG BT R U T 7 VA
B KD G R B A 1 52 A I AE F 3R 52 e g 10 1 1Y
FHOCAR FE ST L O R K LR 7 5 B E N,
6 H 2 Bl 25 B AR RS A b 300 5 R gk 2 TR R Y
K A R A 55 S IR S A H X WA 2001 —
2016 4F [m] AR (1Y) Pk 5 R BOK T Hi P> 309

FRAE Li 26 BG4 T A2k 9 o JRK Rk
(1) 2 R, — 7 o I B g g R T o AR
TR 6096~90%6 >R FH AR o F4g W9 o) (I P-4k 22 T 4
s 3 > I A ) B R A ELAT L R R R T I B
FEF AR T 0.1 mm MIRERTFAF AT HES] A5 90 A
GBI E il s 5 I B PN A i 5 9 ) B4 >4
R R 7K Aok R LR o {8 DA Ay I YR 686 R Sy A i o T
o W RE R =R AE 3 AW ST B 0T A e A 0 32 430 R
10%,10.7 %K 11.1 % , AHOCHFIE(E WL 2 6.

XoF LA [i) B 1 R AR 1 A i e R 2% 12 T 19 A8 O A
Flg Vb U0 [ 7R 2 F 2009-07-19 5 1987-08-26, L4
T 2006-08-29 5 1978-08-07, & P 2001—2016 4% v fée
A i 7 A AR O o A i v s B I 0D SR K AR

FEE XTI AR e v ke 4 o AR B v & R
b LB A8 22 530 706,18 V0 F 4300, TER
AR BRI RGO S vb i o S VD 1 b A
RT3 ok 2 W B e B R SRR AR 2001—
2016 4 PRI Sk T 56 & Y 52 e B AR R, S BUK
R R KA T BFZA WA I T K> 5C & sl
B A M X 5 Zhao %55 B 98 T AR 4518 — 3L,

*6 WiKPEMEHRIEE
Wi R/ mm RE/ T m’

Hivbm/ 7t

2009-07-19 72.2 45.16 12.80
1987-08-26 75.1 100.60 58.97
1974-07-31 77.1 104.27 109.35
1981-06-19 82.2 20.79 6.23
1977-08-04 82.5 12.25 8.57
1982-07-08 84.1 12.98 6.84
1982-07-29 95.4 25.38 20.38
1972-08-17 96.8 15.78 1.33
1978-07-12 98.2 26.57 19.73
2006-08-29 100.8 118.74 41.33
1978-08-07 104.3 140.01 178.69

3.3.2 SRRy REw 2o A R HEEA ELIA A B
G I T AF R TR A28 U R e 10 A8 A K2R S AR OC FRBUE
FE,1970—1981 4E M B A RIE L 7,

F7 1970—1981 EHATEMHX REIE

BH ESY H Qu. P, Lo, R..
ESY 1 0.882° " 0.762°" 0.558 —0.16  0.631"
H 1 0.485 0.842° " —0.177  0.574
Qua 1 0.02 0174 0.654"
P, 1 —0.189  0.139
Logy 1 0.027

R.. 1

VEs ok % FRAE p<0.01 K LB EMA. » FRAE p<0.05 KF L
TEZ P

1970—1981 4 b 5 H M Q.. HA W W 1
XM, 5 R 2B FM LK, LW H,.Q.. MR L
WFFE R i) EZ R m P R . 19822000 44
Wit H 2R E M. 5 R, 20 EMHCH,
2001—2016 4Ffb i 5 Q.. B B E WA X 5
Loy W E S, X 3 A 30 A9 45 ROBE K VD 56 &R
3 ) A ST LU pR RO R, S5 SR DL 8.,

*8 MREBSETHHDPEMHEANE

it 3] ] )5 J5 it PRE R
19701981  ESY,=0.095Qu" H,""*  R?=0.963
19822000  ESY,=0.066Q%" H, """ R*=0.974
20012016  ESY,=0.011Q%"H."™  R?*=0.991

ZIEF P R.5 H [R5 R BOR K
P FUR AE N BN 535647 90 8. (9109 07 72 ke %



86 S o S

5% 28 &

REIYKTF 0.96, U] ESY, #h4 5 Q.. Ml H FHER
W Z TR REEFR ., 5 HAT Zheng & FE 415 1]
FUBE b3 B 2R o A 0 A v O R L pF S AR
i A A8 U TR R e R AL W A S IS 1T U O AR ) R R B
TR, [l A R0 SR B e () B [ 0 A R A vk it KRB
TAHTED L 35 T R R, SR T ]S R RO R AR
B, R WIWF G AR 15t %) B U it 09 52 ) R B )N 5 7E AT PR
A 39 v AR U R T S RO T e M U U T R R, R
HI A8 i TR 0] Ji /0 2 1% 52 0 B R T 20012016 4 [nl
U OC 2R R A Bl s B R e A et 1) 8 B8 R TR U TR
1) 8 B8 1M B 5 R At 0 9 X6 fi 0 o ) S e B K

AR BT A AT FR AN [ B ) REE TR KV oG R AR
AR, FEAE REETT [BH J7 8 09 8 R B 1Y
A MR K RE T 2 AEE, XMEs £%
2 TR A A AR 1 B () RUBE AN [ T O L AR
JUBE A1 434 vh R B I 53 =5 44 B 2 328 BB A o it ok
FHARZAb A FL A PRt 0 3 A /0N L R RN T B A
Je i Z T RS DR R g SO — UOHE K A A
TR . BT TR R YUk K S B 3 AR ST
9 rp YR K SR B S VD AR P 2 D Y LA
SR 76 %6, T1 YA 59 % . H LT L A RUEE [R1 I 4y
BT [R1 VR 3t 7K 18T U5 43 A7 AR B S 56 T 3t Sl v 2o B AF 9T 1Y
e T A R 3k P I S 3 2, i DAAE RUBE [l U5 43 BT 1Y
TRAE Z2H0E W RN 5 K T Uk K T 4 B 08 TR E &R
B, SRMIARE RUEE 815 43 B TG 125 40 35000 SR AE kK 1
1) A S AR AIE A2 o, 1A [T 0] 3R OB {E 3 A L 38 e 307 sk
/N S W] DLE Y SR AR RUEE 43 A 6 it 3ok v 56
R BB TCEIRA L 8 H BT B 58 2 8 b Ttk R
JETF WK KR,

4 45

(1) 7RI 19702016 4F 5% FY & 52 5 2 04
AR R A R B TR AR R
AP R B AIAR AR 3 £ 4 0 T 1982 41,1986 4F,1991 4F
2001 4F & A 987,106 3 U HE K 54 3 A 245 SR 3 B R 7
SR VD i AR R A AR RS R — B (AR IR
SR, R SRR BOK R 8D BT

(2) FEW K ] R L i v i 55 086 04 3 i
AR VAL TR A 2% 5 L I 5 R O 56 2 L vl it e 0 g >
S (14 5 T 320 47 48 K L A% T TR U G B 3 AR Ak

(3) TEARI B R b, fi v i 4 0k 5 05 Kk e 3
DL AR TR OC R B8 AR U TR KT i v ) R el
BRI I o o B U i B R i K

SE

[1]

[2]

[3]

[4]

(5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

EE 25 B K U AR Ak 516 BT s I 5T [T K ) i A

##.2016,35(10) ; 1-11.

T, w0 AR B R I K v AR A T 5 R

(] A2 4],2020,40(1) : 2-9.

2 b K AR AR 70 AR RIS R R [T K £

PRAF3E 4 ,2019,39(6) :298-301.

Miao C Y, Yang L., Chen X H, et al. The vegetation

cover dynamics (1982-2006) in different erosion regions

of the Yellow River Basin, China[J]. Land Degradation
&. Development, 2012,23(1):62-71.

R, TRAC B, UL B e i DK b SRR A SR Be O

(I R PR, 2019(2) 114,

AR SR IGE T X B 2 T g v AR T R R AR O D

Iy A8 A DR g A [ 1K B2 1 J& . 2020, 31(5) : 725-733.

PSR B SCA S BRI 1 4R v ke TR IX kK O

W BOEARB g L) ] P K AR 2020(9) :80-83.

Fang H'Y, Cai Q G, Chen H, et al. Temporal changes

in suspended sediment transport in a gullied loess basin:

the lower Chabagou Creek on the Loess Plateau in China

[J]. Earth Surface Processes and Landforms, 2008, 33

(13):1977-1992.

B R A28 B K BT K YR G O R A ) A S iR LT .

TR B 2741 - 11 SR B27 L, 2003, 24(5) : 11-15.
M2 R R AR A 8 e N UK R &
) 28 S W5 L) ] K LARFEBFFT . 2004,11(2) 1 140-142.
Zhang 1. T, Li Z B, Wang S S. Spatial scale effect on
sediment dynamics in basin-wide floods within a typical
agro-watershed: A case study in the hilly loess region
of the Chinese Loess Plateau[ J]. Science of the Total
Environment, 2016,572:476-486.

Fang H Y, Chen H, Cai Q G, et al. Effect of spatial
scale on suspended sediment concentration in flood sea-
son in hilly loess region on the Loess Plateau in China
[J]. Environmental Geology, 2008,54(6):1261-1269.
Fang H Y, Chen H, Cai Q G, et al. Scale effect on
sediment yield from sloping surfaces to basins in hilly
loess region on the Loess Plateau in ChinalJ]. Environ-
mental Geology, 2007,52(4) :753-760.

Zheng M G, Li R K, He ] J. Sediment concentrations
in run-off varying with spatial scale in an agricultural
subwatershed of the Chinese Loess Plateau[ ]J]. Hydro-
logical Processes, 2015,29(26) :5414-5423.

Zheng M G, Yang J S, Qi D L, et al. Flow-sediment
relationship as functions of spatial and temporal scales

in hilly areas of the Chinese Loess Plateau[ J]. Catena,



553

FRE 5 e A < AN [ I [8] RS 8 L9 ok U0 56 R 2 87

[16]

[17]

[18]

[19]

(20]

[21]

(22]

[23]

[24]

[25]

2012,98:29-40.

Zheng M G, Qin F, Yang J S, et al. The spatio-tem-
poral invariability of sediment concentration and the
flow-sediment hilly
Chinese Loess Plateau[]J]. Catena, 2013,109:164-176.
INEA L, S5 55 AT L S R TRl VIC SRR 7 B
TSR b # B RRLRT 5T LT ]k L BE IR AL 27, 2020, 38
(3):30-33,97.

KRBT MG L 2 ok, A B R T R X S A R
T FYNERAELT ] AR T AR 24, 2015, 31(4) : 129-136.
T2 o, ARG S TR R AR R B R A I A T
2 TR V0 AR R 5 LA B Y I A B ) L R VLR A
BB 2008, 25(3) :31-34.

J5 U HE L BR AR L BRI L RV AR X I T
e v % i I 1) RBE 2l 25 WF ¢ L) ). st B 22 3R %, 2007,
26(5):77-87.

Fang HY, Li QY, Cai QG, et al. Spatial scale depend-

relationship for areas of the

ence of sediment dynamics in a gullied rolling loess
region on the Loess Plateau in China[ J]. Environmen-
tal Earth Sciences, 2011,64(3):693-705.

Zhang L. T, Li Z B, Wang H. et al. Influence of intra-
event-based flood regime on sediment flow behavior
from a typical agro-catchment of the Chinese Loess
Plateaul J]. Journal of Hydrology, 2016,538:71-81.
FEORIA SR [, J7 U e A28 T 7 T sk AR AR K B
AR ] A K AR . 2010, 8(1) : 2833, 39.

=) PF PF O BRI A A A 0 b 0 3 A R e A
(D7 % . 76 % L T K%, 2018,

Hu J, Gao P, Mu X, et al. Runoff-sediment dynamics

under different flood patterns in a Loess Plateau catch-
ment, China[J]. Catena, 2019,173:234-245.

FME LR AE KK AN ] B 38 43 51 77k 7E T T 4k
4 8 X A3 L) 17K T 42 L, 2017,43(2) :15-17,80.
VAN O O Vil G N S e B S R R o
o D T AT 9 S8 P 0 A L 0. b skl o 2 i,
2019,41(1):92-101.

Shi H L. Hu C H, Wang Y G. et al. Analyses of

[26]

[27]

[28]
trends and causes for variations in runoff and sediment
load of the Yellow River[ J]. International Journal of
Sediment Research, 2017,32(2):171-179.

U AR, HER L E L EREEX B R
ok KR FR A BT L] B K B AR 7, 2013, 11
(5):1-8.

BB FR ) [ L &5, SR A AR W — Y T i R R
WS LT ] K H AR 4R . 2016,36(6) :184-188,194.
Z3 0 R BT I St K A AR AL R F S (D] % 7Y
LT R, 2017.

A T 2R 2 A B Y 2 T 5 XUt
(D74 % . 75 % L T. K%, 2018.

LiZ, Zheng F L, Liu W Z, et al. Spatially downscal-

[29]

[30]

[31]

[32]

[33]
ing GCMs outputs to project changes in extreme pre-
cipitation and temperature events on the Loess Plateau
of China during the 21st Century[J]. Global and Plane-
tary Change, 2012,82:65-73.

[34] Zhao Y, Cao W H, Hu C H, et al. Analysis of chan-

ges in characteristics of flood and sediment yield in typ-

ical basins of the Yellow River under extreme rainfall

events| J |. Catena, 2019,177:31-40.

IOVAVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAOVAVAVAVAVAVAVAVAOVAVAVAVAVOVNVAVAVNAN

(E#% 80 1)

[30]

[31]

[32]

Saggar S, Yeates G W, Shepherd T G. Cultivation
effects on soil biological properties, microfauna and
organic matter dynamics in Eutric Gleysol and Gleyic
Luvisol soils in New Zealand [J]. Soil and Tillage
Research, 2001,58(1/2) :55-68.
20 3CH 1L PG ORI LS [ bR AR G I I AR N TR 3R
FRAEWFZE D] AL B L mi0lk K%, 2016,
FIZELT, T PRo s Rk 45 P i Ak 1 3t 1 398 LS
A W 1Y I 25 4 A R AE [T, I 3 3 9 58 4. 2010, 4
(7) :34-40.

[33] ZLJU/R « Z IR, T B, I K48 « fROKIR. 3 L R
b A 3208 A 09 A IR AR S Ay M (). 4 48, 2014, 46
(5):819-824.

[34] 7Stk , Phid 8y, st /INBH 5535 6L e D o8 € 18 b A ) 2
7 - 98 2 AP T G R A X e R [ . Rl 2 AR
2015,24(4) :12-20.

[35] 28, X B 2%, 5%, 45, = 0 1L B AN [R) 258 204w A3
fExF - HE sk SC o BB AR m [, 2 &S 2k iz, 2019, 39
(13):4844-4854.

[36] #Qi& e v e & B IX 4+ e AL g 25 a2 #r 5 08
(D] %8R - LB T K%, 2011,



