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Abstract ;[ Objective | The aims of this study focus on the influence of extreme rainfall events on sediment
connectivity of slope-gully system in small watershed, and further provide theoretical basis for comprehen-

sive watershed management. [ Methods| The farmland watershed in Caijiachuan watershed in Ji County of the
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Loess Plateau was taken as the research area. UAV and remote sensing images were used to carry out aerial
survey and field survey on slope and gully system before and after the extreme rainfall event in Shanxi in
October 2021. The landscape pattern changes before and after extreme rainstorm were analyzed, the sedi-
ment connectivity of slope-gully system was quantified., and the spatial distribution and topographic features
of landslide points were identified, the responses of typical engineering measures to extreme rainfall were
evaluated. [ Results ] The rainfall event lasted for 84 hours, with a cumulative rainfall of 160.4 mm, a rainfall
intensity of 1.9 mm/h and a rainfall frequency of 0.16%. It was an extreme rainstorm that occurred once in a
hundred years. After the rainstorm, the number of patches increased, the landscape shape index increased,
the Contag index decreased, and the Shannon diversity index decreased. Sediment connectivity unevenly
distributed in the watershed before the rainstorm, but it increased after the rainstorm. After the rainstorm,
the sediment connectivity of landslide site decreased, and the landslide mainly occurred on the slopes with
0°~10° and 40°~50°, accounting for 29.11% and 17.74 % , respectively. [ Conclusion | Landslides induced by
extreme rainfall events affect sediment connectivity, and the sediment connectivity index can be used to iden-
tify landslides sites thus can be used to assess the response of typical soil and water conservation engineering

measures to extreme rainfall. The results of this study can provide support for integrated watershed manage-

ment and ecological restoration after extreme precipitation events.

Keywords: extreme precipitation; check dam; sediment connectivity; integrated watershed management

B g U DX S A A L A S PR G
585 K P AR R BRI R R B TR K iR
A 2T B, TR R il B K AR5 ARSI DL K
AN WG 7 27 22 B AR g L FEAIR T K TR AR
FI AR IE B R R KRS o A AR PR A 1 P 5K 2 F 3R
gF o URHLIUR B8 AR VAE LA YD (Gt L L B R
JEA= O B R i 5 K AR TR . A
e JEUOT R AR 23R B B IR K U G A i R TR A
Jit » 95 M SUULE 45 1 98 TE AR AR TR YR VD VR S
B A 08 VR E DD AR TR U L BRI K U B R A
D7 R T RAE R o AR RN R OK 2k g
TR e — B B 2 X TR B L 2 Y
A28 DA B AR B AR AR B0 2R 7 A 6 R Ay

F 20 th4g 80 AFAUR , B+ i FOTE T LU/ i I
NIRRT BT BUNR O BT R R 5T
i, G I 2R ARSI X R 5 W]
e, b T 90 M 30045 TR R B 32 T R LR A R
B, SRR M I T TR )T B R B AR i
AR » AR RS0 908 3t 00 22 S AR 1 A M sl TR DR
B 2% A B A I (] A9 A B e D X T
W22t Z2 AR IR AR E ek T 4k Y8 B Bt i BE 1, #
B A i e 1 22 L DA S I DR AT AR T 2
FEN GO LAY B PR DL B R AT TR R BB
A 2o 0 T LA BB D DAL A g e R T e 3L 35 3 A D
DA AR PRI P A PR3 TR KLl 2 A AN T B4R Y A
Y W ONSES SIS = Giuki e IS ISE g iUP 3

HSVUA B e B sl A8 e B2 v A7 AR Y [ i AT
38 45 A ] £ F g 2 U M 300358 DR ) 5 AR A D
PRI A G0 4 R A A AR 5 B A i e o R 2
K TEE S XA A IR TR T 20 T R A i
ek I <47 X /0 D S 45 ) R 2 B Y 2 I, X T T R RS
A KR O 5 LR A i B RS R X

i T PR BE 6 2 ME K P10 B ) L BE M AR )
AR AE 55 0 B0 HR Y 1 i ot A S DT B S i 37 J o
AR AL S R ) BT e v T LA R
ok 7= A 1 e VD A A5 B0 22 [8] 9 A4 a1 B0, TN e v
1z B T E - ) IPRE JE 350 PN 45 35 0 1K 2R R R L RE 8 %1
] 7 3 et 7 0 5 e U i A% o e L AR L i B o A
FARAF O AERG L TN K R 0 5 A Bl E
EHT A ALE . Dt B T E A T R A
Wik I X S 25 ) 0 0 R 1) 52 0] i AT B X 3 T JRE K
R BOA B A RGE RS . B AT E 2 X L
Bt IR I Ko 2 T TS AT T PR AR AR GE
{ELXF T S o3 T 7 i A i 300 2 P ) 2 T R G
IR 3 E AL B R i AR RS K R R
g2 B 4 JBUK BRI R X, AR W N T
20ty 1) A 2 RN I SR B A AL T B TR
T IE SO SO T O RGOS S RRAEY . (H
JE Bt 00 M 32 A 9 A R B LA R A e o - i i
DX i A0 0 5 M i A I A S T B U LAY
1 SUURURSE A5 38 0 52 0 2 25 4 0 T A AR 7= LN
FRTE AR 9 A i W0 7 22 4, ORI 24 i Bl 8 i 280 T R



230 /e o B 1

530 45

Tit Xof A S 2 T =R B9 B2 WA A G HROE B D . BET L AR
WEFELA 2021 4F 10 A 174 48 B s e 9 < 16 O 75 55, DA
W ELBE G A Ml /N S 9F 6 4L 2R T JE N LA
005 59 e ] e 45 D7 AR IO S B W T 8 23 B R
BB SRR R 20T 5 WA JR A2 AL L R 1k B T AT
Je B8 U0 3 3 L PR K AR UK IR Y S B AT DU
300 2 A0 i 2 TR P i 2R S K O 5 R R 2 T AR I
ST

1 #REFE

1.1 HREHR

WF 5T DAL T 11074 48 PG e 0 Y 3 B 28 )1 i R
PO 4 A 3/ RSP 1) o M B AR AR 1107467407
110°47'07"E, 36°15'40"—36°16'23"N, i #& 904~1 592 m,
AT AR 0.71 k' IR 1,38 ke, ] 9 45 & 1.81
km/km” , 738 L& 8.70 % IR R 8K 2.547

AN P LAAR Ml b R L RO 5 A
A 15.2% , Horhfe i fy 35.9 %6, it (5 52.4 %, N T AR
07 9.9%, EES A M5 0.9% . A& Hb 32 AN A K OK
(Zea mays) 15 B (Sorghum vulgare) .+ 5 (Sola-
num tuberosum) » ¥ # 7 B N DL fi Bt (Rosa xan-
thina) . H §| 1£ (Sophora davidii ). J& ¥ F (Os-
tryopsis davidiana) KM (Periploca sepium ) 55 fH
Wy R E NS DA S DA A SR 35 8 (Artemisia gme-
linii) B E (Carex spp) F-FKR (Poa annua) 5l
FERFAMY) .

A /) it S T R 1 B AR v A A
LA - DL O 3 B P 22 L B 3 ™
HwK WL, EER, REREILFEAK, 1R
BIL) o /NG T I R R DX T B R R

Bl P 2 R M . RBAE H IR £ 2 564.1 h, 4R
AR 1 724 mm, AEFEORY 7~10°C  FH R B
H62.0% . WIRE BTN B 575.9 m., B A PN 4 A
ERBR, FBEPHETIH.,

110°40'E  110°42'E  110°44'E  110°46'E
z N
3 Al
% FRAN AR %
D, bk $ul e A
z; =
O O
= R/ m b
g w1580 :9)

895
0 07515 3.0km ]
110°40'E  110°42'E  110°44'E  110°46'E

B 1 ZERIRH/NFE

1.2 BRREHENXRESSEURESN

A YRR A Y R T O AR R R B Ll B AR A
& F G0 5B AMRE A WL I BIF Y b AR U N A B Y B
AR EEN 0.2 mm,

SroOWLAR BOE 1 20 AR SR AR R, E i R AR OS5 1Y
ZH RSN 25 ) T R AE . A SCHE R B K P b e B
A8 (NP, Number of patch) . ¥ 3t %5 &F (PD, Patch
density) Fllf K BE B H5 %0 (LPI, Largest patch index) . fE
soo0 7K SF Ik B s R R 48 %k (LSI, Landscape
shape index) . & & £ (CONTAG, Contagion index) .
M43 B B (DIVISION, Landscape division index)
T A& £ 4 1 35 % (SHDI, Shannon' s diversity index)
6 &R . FIF Fragstats 4.2 5 UL & 43 B 4004 X 2%
T T J R S WA Jmy 8 8 A AT A0 A . 4% UL 2K
KA XWME 1 s,

x1 EESARBEHRESEX

LK SR 35 K

Bt # E PD
R RBEYARH LPI
SO AR FE £ LSI
HIEE CONTAG
438 ¥ DIVISION
FARZ % SHDI

RS AT AR DAY ) BRE DI SR B R /N T I I S O AR

S S 2 AR B (0 R 3 WD S UL 3 B O T T IR TR R A o B Y B
B S5 W 2 18] 119 73 B a2 4 AR T

S 5 T AN [ 2 7 A P SR AR R R A RN S R L ) R A

8 S T BRE B A~ 2 A 14 R

AR S5 W 5 5P (B DA, S L 26 2 = A4 5 L IS B e e A i R

1.3 RDEBEMESW

i FHJE A #L (DJI Phantom 4 Pro) F J& B 4 it
I 73 30 B s 4y B R WA S 1R B AR .l B A
TR A5 AHE A AR B I A AR L R R
BEAE AL IR, AE B 7 IE 5 5% 18 (Digital Orthophoto
Model) FI# 5 % 10 455 Y ( Digital Surface Model) , 3£

T 0F S 52 A5ORN S b 8 s 2 25 HH K SC 2

Ve Vb % 0 AR EL 1C BB R FIRAL T B &
SRV E S B TR £ Borselli W T IR VD %
TP A TR T T R T I X i Y S A
0 F T Ui U8 V0 i B B AR 0 B AR RRAE, b b A
D, %5 J& T {2 il i DX 3 B | 1w AR RN - b R SRR 1



%4l

15 0 e A5 < AR i A T X T DX 3 e v T P A 231

)R S AT e R R D, FoR VDT E R
UL B 2 B 3k 48 E VA TE R RE R N 2 TR RS
KA
(4,77.5)
p: D, =WSVd
Egng

- WEEBEMKNET

@, W,S)

IC=1g(

D ) (D
an
KD, Do a5 Em 0 - d Yo RT3
Gy W E 3 TR R S AR T 5 S R
TUHK I AL Cm/m) 09 B8 B s A O B 3 ot ik i AR
(m") sd N5 @ A BT e BE T 3% 05 ] 19 O I K
(m) s W, RS, 4351 R 56 0 AN B o0 1 AL B iRl
BERE . 1C 5E XAE[ —oo, + oo ]I B N L IC ik, %
LRGN

KN Wl MATLAB R2018b #4735,
Cavalli 8¢ 2 1 21 + b R F RN - 38 9 1 R5 AF X 42 3
FUR VD 38 f () 5 ], 5 T 8 4 PR A T e AR Y, 2k
HE T 3% 38 M B, (o Hb TR 2 TR RS B A JR R
RIHLRE B2 8 8 (RDAE A E B W, LR B 8 50T
BA R R 25 M AE TLOK RUEE S bRl 25 . Bk 22 MBIt

BOMELS DTM(2.5 m 43 HE 5 5571 MUAR 2 8] 1Y 22
(8 7E3E 22 M I MRS ) 5 <5 BA T RS 3 1 i 2k
EWILE A EZE . TR ARXWT .

(2)

K1:25 8 5X5 PO E H N AL ITELG «
RS N TR IR 0 — AR T s
25 MHITH T E.

BCE PR

RI
W:l—(mxj (3)

Arfr: R HWF5EIX RT A f R fH .
1.4 HitHHmHSHE

FIFH SedInConnect 2.3 3K {411 5 HF 5% X 4 5 W
A JE MR v % i M8 5. R ArcGIS 10.2 X & 1%
JCUR VD % 38 P T8 B AT geat OF AT A5 ) 4 B 5
B, ENVI 5.3 #E47 #E (5 B2 B S nT gk . R
H MATLAB R2018b 2 il Jié Vb % 38 14 4 5 5341 &l .

2 ERE5SMH

2.1 ERIRERG R T

WAk 2021 4F 10 H 1 HZE 10 A 7 HEEW 10
15 O8N 18 3 Jr s B 5% I Be I o % G811 A b i R T
Pift Ay 84 h, BT B & 160.4 mm, RN 9 1.9
mm/h, K 10 min FEMGEE R 23.4 mm/h,H K 30
min [ RGRBE A 17.6 mm/h, A U I [ 1 328
10 H3 H®BRomEZE 10 A 6 H 16 BF&5 4, 1E H
BT 4 AUEE, M BE 10 H 3 H B4, 10 A 4
HEF 10 A4 HTFFUE10H5 HKEZE 10 H 6
HZ R, AR B AR bR AR 25 2 4 ) 58 BT A1 00 I s 3
60 4 i R 10 o F A7 MR T H 4G L AR IR ] PR ]
A 0.16 %6 , Ry F AR — 38 1Y) A i 5% 7

4
150
g3 :
8 ~
sl 100 1
5, I
e &
&
. 50 B
0 0
2021-10-03 2021-10-04 2021-10-05 2021-10-06
H¥E&E-A-7)

B3 FRSRE RN EWEE

22 ERWHEIERUERFSH
4 JIt 715 % T RIS 0 3R WU SR AL, 5 T A

HLIBTFASE AR 1T e B B i 2% T 556 B (B 4AL B) I



232

P/ S S

%30 &

o7 AR SRy S A B . R T RIS SO R 4 RO A
BERANFE 2 P, i 3 n] AL 22 % TR B TS BEHR

W SR UL AR A B S B A RO N e K B4
S R O T ok 2 R P R A

*2 ENAEEUREREHEL
e BEH e K BT 5 OUNIAN £ S 53 1 IR
% PD HE% LPI TR LSI CONTAG DIVISION 6% SHDI
& WY 4032.11 76.73 8.21 47.62 0.40 0.64
E o) 4068.31 58.23 9.95 37.89 0.59 0.54

>z

B4 ZWAEYERESUES(AAZRWIH,BARWE)
2.3 FWHEIERDEEMNE

F TR BT JG 038 22 Gt e vb % 3 1k 45 it == A8 A
AEANTEL 5 Br 7 o PR AT, 5% TR AT S 39 1T 2 98 36 e v
AR R . VEE e Vb E M A i A X

18 o

16 1 P BR4H:1.53

14 | 1 0n BAME:-7.47

12 v SF¥1E:-2.66
X PRAEE1.02
+§?1- 10 | ] b P AL #-2.58
£y

6 r ]

4 B 779-7’ 1

2 L

: Al .

-6 -4 2 0 2
E 6

24 XREBWEERMAIFE

XoF 5 TR I 5% 2 3B o557 L0 5 o i A b B
{5 BHEATAR B, S5 A8 7 Fi/R . B E T4 i i e
FM VRV IR RN BR G EAT T 398 10 0 067 A A R R
Jei VR Vb A M R R X L, dn il 8 TR, fl IR T AT
B WG 22 A Ve Ak 0 U v i 3 M AR AR R AR
AR FE(—5, — D Z [, BT R KA N 0.76,, e/ ME
h—5.33. F W e KAE M 0.83 . e /ME R —5.68., %

B, A RN U VD T I A IR S
FEEPF(—5, —DZE, KR E R 1.53, K/
{ELA — 7,47, 1002 T 5 300 30 P 8 U 328 3 2 o A 5 R 2
AL, FEEEPT(—3, — DL R KME N 1.60, FH/h
{E A —8.55, XF b % TR HiT J5 A3 3 40 A 1 m] %0 (&L 6) s
ST Ji5 R VD 7 T R G A, FL UR v aE E A  H
TGN,

500 - ¢4 500 | i
0
1000 1000 € 1
g g 2
~ ) A y
#1500 & X 1500 (@
® o B ?
9 2 -4
2000 ¢ 2000 | ¢
-5
2500 - 2500 -6
. il z
oo D [ == T e i e i e B e
[ i e B o B o B = B - 1 [ e I o B = 2 = I =]
N < O 0 S S N < O o 2 ﬁ
"E/m "/ m
5 EWEERERVEBEEHE=EASH
3.5
3.0 | Th B K 1H:1.60
11 B /ME:-8.55
25 F ¥ E:-2.41
X 5 PR E2E:0.70
220 o Ao #:-2.40
5 " H
= 1.5 F
1.0 | F g
Fl ]
"1 0.
0
-8 -6 -4 -2 0 2

R EBEEEEMES T

Z T HT 2 WS K A W A R VD S S R N
45 B VB AT I P R A R B B RTR TR Y
WYL K AETEE 0°~ 10" 40°~50° /Y 4 F T, r
di He Ay 5ok 29.11%6,17.74%

3 it i

R T PR 2 IR 2 594 B 0 2 B3 0 /N
B S AP R T S TSGR IR



%4l

V0 B s 4 < A0 i AR T o 3 P DX AR b R R PR T 3

T P 1) 5 233

AR — MO SR 2R A 0N 1) oo B AR 4, 5 378 58 M UL A it
T3 1 3 29 X6F AW it A% 728 b 7y i) 7 5 AN AN B B 1) AR
DX 302 M 55 A5 A R GETT R TR AR B G

ATTRE T U5 T B8 440 3 v #4053
S AR VR VD B PR 507 R T A [ B A =)
FEH, T ARAE MBI Ty R 2 3 PR Y 52 . b A Jm) 1)
25 [A) G5 P52 R 5 UL BT VR R0 O R L BUAE T AR I AN
VTP RS B AR BT LAV VD % 38 P 19 AR L AEAR K — B
V] PN e o B B AR Y . AR SO 9T 25 SR e B L W o B W & A=
R TR BRGSO R . TR T R
s L R BE S B0t /), 3¢ B A vy 2 W9 % A (1 3 7 &
G S SRR AL . R N S SOOI IR 4 B0 i, 2
WA LSI{E N 8.21, Wi J5 M 9.95, & 4 fiF 45 44
CONTAG 5 LSI #5072 1655 ik A B2, 2 W Hij & 1
JEFRECh 47,62, B W J5 N 37.89, &5 JE Ji 45 B BEAIK 4
A ST A o P B R 85 A T 55 LT AR 48 50 ) 34 I a3,
B A [] S5O0 256 78 5 4 1) R 86 9 s Ie Ab L A A 2 AR
$8 % SHDI ZE T RTN 0.64, B/ 5 MK E 0.54, 4%
AH 2 W A B AR T e R S W &

7000 :
i
6000 B mocmo.rs
5000 dii]  wME:-5.33
N i 342,05
< 4000 | ] Aw 20,58
I b e
gmoo it o r%e-2.00
it
2000 it
ittt
1000 i
ittt
0 i

-6 -5 0 1

-4 3 2 -

A

40°~50°  17.74%
50°~60° 9.15%
60°~70° 3.80%
I 70°~80° 1.65%
I 30°~90° 0.46%

BWERK LWL

B 0c~10°  29.11%

B 10°~20° 13.84%

I 20°~30°  9.82%
30°~40°  14.44%

B7 EWNEREAMANSHENESH

7000
6000 B K{H:0.83
5000 | B /MH:-5.68
53 SF@{EI-Zﬁl
24000 | FRUEE:0.66
of i #:-2.58

-6 -5

-4 30 2

B8 EWMAEBREMAARDEREIELIMES®

TE/N AR S d s, TR R il 0 1 TR B 2 4
AR I F BB DA T R A5 R Ol SRR JE 5
P T 4275 D 8 L 94 3 R D A U X M 2 o iR s P
IR EMEHEAK IR . — R T AR L 8 A
A T AR YT L e VD 45 B AEVAGE N L [
R T E R P @Ak TR AE X Bk
DX B 2% TR 2% A1 A2 dt A8 10 XoF 2 WA e R F 5T A
E2I I R RSP S N G W L7 o SO [ R (AL
S, BREEAETN B RO R GEAR R D i A 5T
RS N GRS NN DY T B | T U
WZ . TEASCHIDFTESE R, 0o 2 1 A 2B )5
T 300 8 U 3 G VR B R WA R, X 5k B #
SEUTLL R AR AT T A R — B X R IR
iy 2 TR 4 £ v 90 s 300 A) 908 v 3% T8 A L I S P 0 A
R A D S R L RN e A OK R
F4 AT B P 1A T 3 3 A 422 0 2 2 BRI

W HE 23 B MR S e B 08 T A AR A TR R A

TIERMAYEE I AR, Fang % B 5T 45 R0,
it 5 4B 1) 10 A8 A R e VD 1) i e ) 1 Al -
WA H R M. Caviedes-Voullieme 2257 i B 57 45
TR W] BB A28 It TR R L R e 1Y) AT BB R OR
Ve VP UE X 50 DX 34 38 1Y AT RE MR K, 8 v i e M e
KLY R S vhiEimve B A — %k, SR El
PERITFR A, B i D, 8% R R R X
BE T AURT A R gk i Dy, K F)
TRIKSCH R B AR B, A 3R WA B B B Ul v 3%
R AR SO 2 W e VD % GE R B A A R R
T, BE U B 3% T LS RV B PR VD R R, XS
FERRPT S T30 R G0 e Vb 1 38 1k B 5% W R Y
2RI I Duvert 8&7 [ WF 5% 45 R — B, 1 FH 6
S BIE 5 4t SR 3R YA S R T AR 4 T K S B A
Gy A K R Ty R A . W g B R Rk AR L BE T X
300 PR 3B TS A R AR R AR AR T AR T B T A
A [1] Y] TEFR 43 A% 09 o AR vh 45l B b 3R R B



234 /e o B 1

530 45

B LAV X B, Bk 3E . T 3E O R
M KBRS0 o LR Z B, T2 % 92, 0K
I ANBRAL, R HERPUR MY BB D BRART i 2 i
43T HH A R 5 48 B AR TR e VD UL T i, S
EXCIPERILA WS U R IR TE: .

AR SCR A PR 0 5 R R AT W B A 2 X R T
S I 5 DX 38 7 AR AT T R T A R S
b 50 I AR R A A WA 2 S T S I A Y
TR A3 O b R T RO SN V8 VD 3 3 A B S [ 4y
A B 5) AT AT 32 X 3 A2 8 v 3 3 M vh K 31/ 1 A28
X3, 3 5 REAR T G5 U U0 o 3l M 4R B0 AT K
3 A AT R I A B A U U A 1 R B R R T
M= XK T S B XA 3 R T R AT AR R,
RIM I Z K AR 0°~10°F1 40°~50° 1 M IE 4%
fFF . H,40°~50° /2 3T 8 43 & A T ) A
L IX 5 B AR R ] 3 2 RN A R R v )2 0 B F
FELE T — 3, B 40°~50° 2 5% DX I P W Bk & A= 1) 0
{BLo 15 0°~10° 0] 2 3 1 &8 43 e ¥ i 7% 3] 14 3 P R TT
FRUTE - SH AR A9 DX 85k, 9 38 79 00t O 2% 2 1) A8 X
A eV L 0 R LU T R 4 A7 T 2 Y BT,
7™ A2 B 22 8 A8 O A V0 DL R 8K e 1 A kR
W 3B o7 R B AR R VA A AT K R RO X
385 %) AR DR B 8 A TR IR UK - AR B DA B B TR S
(9 J 8 B AAE O AR Hl . 3 3k o 2 TR R S YR VD i
P AT X B R T A A YR VD A RS
A —E BN, S5 G 2 T S U6 VD 3% 8 R 48 B A3 ]
YRR, R PR B T R AR S L G i B AR i Ul
YOV 2 B T A A% 20 Y P9 DR, B R W % A e
U % S PRV 0N L 8 PN A IR VD o A KL BT
AR U v 34 3 P 5 0T DAUAR G b e AE B RN o AR U
WML CR, X5 718 Bracken 4§
5T 45 R — 2,

4 &5

(1) W s 2 T = 1 A f 386 0 T 31 ) R 4 S R
6 Jry o Aty 2R W R A 0 B Y R G e A% JR 0 A Ak L
Tl A 658 v K T 2R 0 e L B B AR

(2) % TR T O 38k P9 U8 U0 322 38 1 3 A AN 3 50, BT
J& G A R B SRR AR R, HL s e Vb i E M 4R BN
458 % TR R B0 39 R 8 U o 5 KL Y R VD
SRR TE S by N & TR = B L R A U
P L B AR T A M I A VD R3S

(3) Z TR J W 3 02 o U V0 3 B MR /N W 2 R
HAE 0°~10°F1 40° ~ 5073 FE 55 14, T i L 461 43 31l oy
29.11%,17.74% . 454 WOV 5540 e Vb 3% 38 P 48 Hon]

DU F 9 7K 0 2 A3 s, 3 ] DL 3 AiE A S 2% T R
T S0 A e A AT LA B A s PR A 2 X A% S 2% R
F49 W 7

SE

(1] R Bepk, SR/ BE , BREFS 34, 45 oK 4 A0 G X3 b 300 1y 422 9
UV T B & SRR S (] K AR RERF ST, 1999, 6(2) .
127-134.

(2] REBE.FHILWEEESEELER28 F [R5
] ,1996(03) :44-48.

(3] ZKJg, sk LA, . o 4 B B X /) o o i 3l 0 R 22 4
WM ERPRE LT RHF L (LA R TRER.
2018,3(5) :40-45,50.

(4] BUJUTA. 2 o v ot it b 300 3%k o 5 e XU 37 [ D 75
PR TR ,2020.

(5] E M. A% o 3 W e i = 4% A0 8 4 [T )R 27 7 10, 2021,
23(4) :47-49.

(6] T XI58, AE3E , A5 BT SCHR Tk (¥ 7K SO 38 M A 5 $A
SR RG-SR TR, 2021,32(02) £ 1-9,

[7] Thompson C J, Fryirs K, Croke J. The disconnected sedi-
ment conveyor belt: patterns of longitudinal and lateral
erosion and deposition during a catastrophic flood in the
Lockyer Valley, South East Queensland, Australia [J].
River Research and Applications, 2016,32(4) :540-551.

[8] Marchi L, Comiti F, Crema S, et al. Channel control works
and sediment connectivity in the European Alps [J]. Science
of the Total Environment, 2019,668:389-399.

(9] SCHERS. I8 H XS 38 TE /K Ui 9 P8 #2245 AT 58 (D], 76 4% .
P2 BT R 52,2018,

(100 BT, SR Z, T 8 5 10 8 = KK N/N )
I8 (1 25 ) 43 A KOB SRR AR LT ] AR T AR % 41, 2022, 38
(4):151-158.

[11] 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.

[12] Cavalli M, Trevisani S, Comiti F, et al. Geomorpho-
metric assessment of spatial sediment connectivity in
small Alpine catchments [J]. Geomorphology, 2013,
188:31-41.

[13] ShiP, Zhang Y, Ren Z P, et al. Land-use changes and
check dams reducing runoff and sediment yield on the
Loess Plateau of China [J]. Science of the Total Envi-
ronment, 2019,664:984-994.

[14] Alfonso-Torreno A, Schnabel S, Gomez-Gutiérrez A,
et al. Effects of gully control measures on sediment
yield and connectivity in wooded rangelands [J]. Catena,
2022,214:106259.

(151 T BRAFI T AR A S5 3t B B V8% XA ity e 9 ¢
PE LR AR W IRV B R [T ]+ 5 X a5, 2007, 116



#
S
&

15 0 e A5 < AR i A T X T DX 3 e v T P A

235

[16]

[17]

(18]

(19]

[20]

[21]

[22]

(06):896-901.

BREE, 5t 2 et 2 e RO R AR R U i AR
(T] 2Rl - B SRR R 2010,46(5) 1 7-10, 18,
KA RS, AR T L SRR B W SRR R N R B
TE 1 e v % G 1 K HE R e PR R« AR VS A T
[J] K £ AR FF 41 . 2019,39(1) £ 302-309.

FEARTT .3+ e BV AR X R G R Dl ™ U RAE B SR VD
MRS DB P75  PH AL AR MR K, 2021,

A, BT, T L S TR N B R R I 0 5 T
(1] b B 2% 41,2021, 76 (11) :2697-2709.

Fang H Y. Effect of soil conservation measures and
slope on runoff, soil, TN, and TP losses from culti-
vated lands in northern China [J]. Ecological Indica-
tors, 2021,126:107677.

Caviedes-Voullieme D, Ahmadinia E, Hinz C. Interac-
tions of microtopography, slope and infiltration cause
complex rainfall-runoff behavior at the hillslope scale
for single rainfall events [ J]. Water Resources
Research, 2021,57(7) :1-20.

Duvert C, Gratiot N, Anguiano-Valencia R, et al.
sediment flux connectivity:

Baseflow control on

Insights from a nested catchment study in Central

[23]

[24]

[25]

[26]

[27]

[28]

Mexico [J]. Catena, 2011,87(1):129-140.

VFFROG . #030 A E 3008 45 A% i B R T 3 4 J R B
VR )2 B SRR AR B 7 Bk e v B S e [T ) A A 2
#%,2022,42(19) :7898-7909.

Bogunovic 1, Pereira P, Kisic I, et al. Tillage manage-
ment impacts on soil compaction, erosion and crop
yield in Stagnosols (Croatia) [ J]. Catena, 2018, 160:
376-384.

ZEPH L SRR S Y X O B R R R 2
A A S5 e R e AT LT ] K AR 4524 41, 2022, 36
(5) :44-50.

Paik K, Kim W. Simulating the evolution of the topog-
raphy-climate coupled system [ J]. Hydrology and
Earth System Sciences, 2021,25(5) :2459-2474.

TR B A A A N G S K S AR A S
A Ve v b g B O¢ B LD AL At [ A 2 B R O
ER =B A E R LR SESHEMR PO,
2021.

Bracken L J, Turnbull L, Wainwright J, et al. Sedi-
ment connectivity:a framework for understanding sedi-
ment transfer at multiple scales [J]. Earth Surface

Processes and Landforms, 2015,40(2):177-188.

IOOVOVOVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVOVAVOVAVAVOVAVAVAVAVOVAVAVAVAVAVAVAVOVAV

(E8% 227 T)

[13]

[14]

[15]

[16]

[17]

(18]

(19]

[20]

[21]

gt , e R IR R 25,1960 2017 AF Bz 35 5 J5
DRk A A= ok s 28 G AR [ ] st AR 22, 2021, 41(6)
1096-1104.

BRI 7T U AR A P R ) AR B (A [] . K
TR ST ,2002,9(3) :155-157.

B SOR. T B R T KU R A B T D P DR
TEK¥.2021.

Allen R G, Pereira L. S, Raes D, et al. Crop Evapo-
transpiration: Guidelines for Computing Crop Water
Requirements-FAQO Irrigation and Drainage Paper 56
[M].Rome: FAO,1998.

B, TR XS VL, A5 VU b b DX T A R I s
Lo s R 2 ()]l T AR 22417, 2021.37(16) : 80-89.
BRI ARG T2 W 5 B AR M. 2 hi b5t
LW MAL, 2007,

FR IR . 3 T 38 /N AR 3 1 7K S0 22 ROBEAH 56 43 B [T . K
J1 Kk M4, 2013,32(2) 1 22-26,42.

Breiman L. Random forests[J]. Machine Learning,
2001,45(1) :5-32.

WA, WO RE R B PV 4 XUk A AR ik g i s

[22]

[23]

[24]

[25]

[26]

[27]

[28]

ARHFAELT . BRPE R ,2022(1) : 28-34.

XVBAR 7 G 78 5 12 85 30 bk 0 3 3t DX KU ol {432 0o g
i 25 A AL LT ST LT P 52l DT 2 2 4l - [ SRR 27
BLSCHR ,2019,48(2) :142-147,153.

Box Lo ER AT S5 T KU R 21 Y 7 2 4 KUk
FEAE B2 3R L ] ARFFIFSE 2019, 26 (1) £ 34-40.
iR, ERRKMAR, FERIAMEREERILR
AGATF 50« 8 = B 5l A 2 AR ot A0 Sk LT ] R B
%,2020,40(5) :569-584.

Meijers A J S, Cerovecki I, King B A, et al. A see-saw
in Pacific subantarctic mode water formation driven by
atmospheric modes[ J]. Geophysical Research Letters,
2019,46(22):13152-13160.

O TR EE T B KR AR 25 4 i JE — ke
Wi K 3R Zly TR 58 (D] V4 % P4 BT K 4%, 2021,
ASHRAR AR 95 30K, 550 50 4575 48 WUl e f2
Tyt as EAR AT 1K L ORFFIFSE . 2015,22(6) :234-239.
RS2 SR W AR 55 R AR AL BT & AR R
by AR AR A g B S AR AR LT ] 0K b AR RIS, 2017, 24
(6):233-237.



