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Abstract: Based on the monthly runoff data of Nuxia hydrological station in the Yarlung Zangbo River Basin
from 1961 to 2015, the heuristic segmentation method was used to identify the year of abrupt runoff, and
Mann-Kendall nonparametric test was used to analyze the long-term variation trend of runoff, and the con-
centration degree and concentration period were used to study the inner-annual changing patterns of runoff.
The results indicated that: (1) The annual runoff showed a significant decrease trend first with the decrea-
sing rate of 2.715 mm/year before 1992, and then an increase trend after 1992, (2) The runoff in the humid
season accounted for 71.6% +4.4% of the annual runoff, which dominated the runoff dynamic change of the
Yarlung Zangbo River Basin. After the turning point, the increasing of runoff in the dry season was another
important reason for the increasing trend of annual runoff. (3) The annual runoff distribution in the Yarlung

3

Zangbo River Basin presented a “smoothing phenomenon”, that was, the occurrence time of the maximum
runoff was delayed and the annual distribution was more uniform, which might be attributed to the restoration and
improvement of vegetation coverage in the region. The results obtained in this study could lay a good foundation for
further identifying the role of climate change and underlying surface in runoff change process, and provide practical
suggestions and guidance for the sustainable development of regional ecological environment.

Keywords: runoff; intra-annual distribution; heuristic segmentation method; attribution analysis; Yarlung

Zangbo River Basin

Y 75 B #5:2020-06-08

BETE:HRHRBFIEETH (91647202.51961145104)

E—1EE W 1996 —) B W R EF IR A BF ST A 38K SC KK IR BFSE . E-mail: Hao. Li. work@outlook.com
BASIERE XN (1986 —) , B LA i A 10, @l 1, BN K SRR B EMFSE . E-mail : Liuliu@cau.edu.cn



5013

RN AF £ 1961 — 2015 454 5 AR VL 30 S VAL ¥ 28 ML 0 AT 111

VL4 BRAR B Ry 3 SRR 1 S AR B E U T
IKSCAEA R XX RS RGN & ™
AT HEFTEZ S0, B, 7K SCOE 6 i R i el 2 K
S AR 3 7K SC A ) R AR AR AR KR TR B S
A WA AR FR I I b DX & J AN AN 3843 1
PRSI, 2020 425 28 JE ALK H B 38R
“Water and Climate Change”, FEFF 5 Jij X 4= BR = fie
7R AR A A Sk R K B R ) R B A X — 2D R
TARMEARAX K IR EE . A, Tl i
R NG B0 K SO R Y T TSR BE H R 3G OK L AE
sk B 1255 [i] L 00 R o o 40 S 3 M o A8 T K SO A
FRE W EBUF SRS E TR R
MR B 34 B A 2 T R R ETRRAE L 2 T RE A
S o 1T AR K SCHE IR AR L IR AR it 6 T
B Ak 45 TR 23 U/ B K R TR 8 i, DT 3 R b 2% 7 7K
i B AT B AR R ORE R R WA
T AE A K V- (water balance) 7 (%) 5 B 41 WL H 4
KR BRI B A NS pt it 0 0 R,
FE52 A 25 AV HE B AN AR 7 A AR B & DL R 2T
KRR ED R U, B0 RN B A AR AL B R A AR
it e A R A AT DA SR 20 U A AR A RN B AR
A8 Ui A8 A ask A b R T R AR AT R4 0 R
AT Ry DX B8 A A5 BR 58 & 8 RN N 28 A 7= 3 2 4 ik a4
Fifs S,

T 98 B VR Sy <t B A YN K I R LA
SRR SR U M DX ] g R AT T B
JEE 0T 5 A VTR Y VA5 14 R TR b A S
Hb DX AN G BRI AR A 2 A B R L R R T
T 9 R T YR ZE 4 000 m DL b, 2 BB I
M T A I 0 A R v N b ) K RGBT
SRk 0 S8 9 A A5 T Re AR A X VU R 28 5 O Al
FR e e 2 b DX B Bt 1 R A A A2 A B I U
e 8 — VL R Y DX R 5 8 A Y L AF R ] A 5% 90D
D) 2 G G e DX T Y R R RN R A
WA S HE 65 8 A VT S — 2% T 09 [ BRvaT 3, H K B8 R
TALKRAE PR W E R &0 kRt SiE.
R, AH DGR R 4 Y 30 4 S e 5 80 A Y 38 14 <A A
FEER O S AR T B A A Ak X AT BB s AR AR T A
Ft. Hoerling & WF5E B, i b e 4F L 2= 7 1
AR AR R K A2 B A e S Y
NTIESE: €8 At e B Sl R A= DR /N i B e
SV g R WA L T A b Ui b X R R TR AR B B
PRI Ry S 3 AR R K s >, Li DY S
MODIS NDVT 46 43 Bt 1 HE S 56 A1 V138 5 i) 8 9k 2
ORI L 25 R R WA — R R K SCH A R
PRFE T IXIAE 2000 48 )5 20 & AR . BT

LA BIF 5 28 A0 PR 58 I HE 65 5 AT Y 3 1 A v A R A
AR AR AL T P A S Ak T AE i Hoa] DLk = JE 1
XK GEIRF ] E S AR AL S ST Fr Ll kR
PRAERL B S R SR AR .

PRIt s AT 5 WO 1 R 5 9 AT U AL K Sl
1961—2015 4F 1 7 P 248 0 %Ok, >k A & 25 %)
B IR AR R R AR AR, 4K 2 T Mann-Kendall #4
A L0 o3 W AR W A IS Ak B L B S A T RN
P I FEAR AR N AR AR . BT ST 45 R B TR UM

65 TR AT I I ol A O A I Ay R — 2 TRl R
P B A2 AL Y B Bl [ 7 BEE B L
1 MRSk
1.1 #HREHER

FHE G AT VLU AL Tt A R s
T U ALY O 240 000 km? 3 380U 4R BE K
(210~7 026 m) , MBS I ZHE A8 =5 0] b 52 R 74 0]
LSS IR N DI (SO B B2 S R (28 = SORL T
R 5 R A VL A R T O B P R R A e SR vk L [ P )
IR 5T 9 R D e S U R P A TR X A 2 Bl O
TE P 30 LB U BEE A i AR B R P . HE g s
[ 5% /5, 76 B RE B = A B 9 5 A 2 SR RIE S S
PR A A1 Py A Hie , FE d b [ B N 5 E RHE AT
pi2 A RISt IS 5 =R E N W) || E AL

27°N

85°F 90°E 95°F
»  BFAKCH 7734 0
] sk |

100 200 300m
200

E1 ReEmHIRE

P T o R T 7K ST 1 P43 T A R S A YT
DEAE A 1) bR R U B, B T Y M B A%
Ja o BRI B Ui A R i B b X RS D
AESE R KR R 300 mm; i Hb XU R £ 1 L 4R
R 7K i 300~600 mm; T i b X B2 W 22 7 , 4F 7 Y R
KA 5 AE 4 000 mm DL . AN AN REK R BN
T B LA, BRI 2R (6 —9 AR K& & 24
K 652 ~80% . I T 5 Z& (10 H &R 4 )
R K A
1.2 WHREIE

WL 7K St A8 T e B A YL S O A T
T 80 Y6 LA I ) i kT AR SR T A v DR M X



112 KPR 2= R

% 35 &

(7K SCoh 2 — . R A AR 58 Wi 4 91 20 A T B0 K
SCuk 1961 —2015 4R 13 A 728 U %Rk, DU 7R %
Hby XA B[] ROBE P AR AR KL . 53 Ak AR g fil
2 AR IR B AS I LLIX 43

1.3 MIRF*

ABIE ST Sk A A 240 0 Bk R A% i A2 Ak
R ) AR Ay L AR )5 F T Mann-Kendall JE &%
R 5612 W 48 U0 A Al B 34, S5 e g P 4R v B AR v T
AR AR AR LA
1.3.1 BRARXS»BH %k BE— R0
I ER B N BB FS) X, F 0 AR
F BTG Ny GO Tl e, GO W FRUEZE s, ()
Hls, GO LK BEE A NN, R # 0 0 AT
W 2S, OIFFEAR N .
(N;—Ds; 2+ (N,—1s,?

N,+N,—2

1 1
)(N7|+N2

QD)
WeAh AT T G 56 A oy B S A W T
G B (E 22 5 B S TOITRARX R
p1 (@) —pa (1)
Sp
T K5G8 1) fie KAB (T ) 2 B 7EIZ B 8] 2 ¢
Ao AP T e 90 ) P4 (B 22 S ik B e ok, R R R AE
T RFIL I RN P (T 0 3220
P(T, .0o~0—Tv(ot+ti,)0)00,,8)7 (3
Wl ;1/:4.191n N—11.54,v=N—2,1,Ca,b) AN
B4 B R,
XA RN 2 DTS R AR, ST
Fe 9 5 e AR AR BT R 8 () A ) 22 S R AT P
(T o) =P o IS RS RSN IEAT 505 A, A
WS BRI IP AT R 1k, Ak, 27
FEAN A BECL, AN FEXS F P A0 BE T 40, BE T iR
AR SRR B N AR BE R 7 51, 53 )
SRS S SR OLT P BT R 0.50~
0.95 4o FYBUE WA B /N T 250
1.3.2 Mann-Kendall 3 2 % # %  Mann-Kendall 3
SRR U0 RE RS AR 4 12 W 3E 1E 25 3 A 728 i 1 728 1 e 35
A P, K SCR GG H A Tz 0 R T
Mann-Kendall 38 53R - 45 % — B RF S X, =
(x) 52552, RS R Z PR ARKE

Spi)=( )

TG)= (2)

s—1 s>0
V(s)
Z.=+0 s=0 (4)
s+1 i<0
VD (s)

n—1 n
A, s=2 %sgn(ltj—xi),l<i<j<ng
i=1j=i+1

WA AS B S Hh R FH AR AR ARk 2 AT AR A R 3
AR AN

X X

—) (5
j—1
1.3.3 &P EAEPH  XBHERERY B T8 5T K
T AR N 20 G 1Y ] R SRR A A T AR AR U A AR N )
BEAN S S M i FE bR o RIAR it 56 v BE AR vh ), %48 b
AE % S WA U A8 AF 9 10 46 v R B LA B e AR I i
LAY I B

VT PN A 0 R/ iz A AR TR
AR Al B9 A S iz A AR T o< i B 5[] LA )
12 H B H AR R B SRR R A AR i i D O R
ATy AT B iR T AR R AR R (RCD,
runoff concentration degree) F14% i £ ] (RCP, runoff
concentration period) , BARIFE AR

B=median(

RCD=+/R.*+R,” /R.. (6)

RCP=arctan(R, /R ) (7
12 12

R,=2r;sin0,,R,= >r;cos ¥, (8)
i=1 i=1

KR HERTE R, (R, 505 bR &4 s
IKF o i R B A bk s AR 0 A AR L0, WA
H O 1 K A R

R A5 4 v B AR P Y ST B S A T
0~1 MBUME , R B T 428 ik o 41 9 19 B 35 50 43 A R AE
I77 46 0TI sz e T AR S e R MELAE 1 AR B ]
MMAEERF R P 1T AR 12 A FEEL 0K
T, 307 3 i 1 H08
2 gR50r
2.1 RRRTIR5

ARG R R & 30 50 300 R ) A 6 A VLR
SRR K SR AR AR U AR A AR Y S AR ARy . (E AR T
B RSB TP NS POEARBE h R E R
0.90,0, &N 25, HFla kR p#ETEN T K1
Gt A L W 2, Z5RERWL, T R geit it 7E 1992
AR B KAE . 290 3.0, X AW 0UR 7K SCah I AR AR I
HAE 1992 AETT R R AE R AR . B  RIEA ()
WE T RRSEITE &R RMELN R EEMRP
(T o) s TR P (T o) =Py WA K% 58738 2 B 3
. TR REN, T K855 i K E A (1992
I B EVEME AR K 0.93>>0.90, X #F — HIEB T
IKSCHEAEAR T SUAE 1992 4F & 1 28 A8 By Al &bk
22 BRERTHBER

L1992 4FAE M FE 3T i, AR 0T 98 A1) | Mann-Ken-
dall JEZ B0 560 F1 AR R R T F 8T #4691 R0 REE I
MG AR A E . BB 3 R U K S
AEAR B R T SRS A A T B A AR AR R AR B P



5013

Zeqh 2 1961 — 2015 4F T & 3 AR 10 W2 T

T AR LA By 113

HET. W T ERREL, 2.715 mm/a WEREH B
EW T REBH(p<<0.05) BIEFHIT S G20 LA
P (p<C0.10) . H I, HE B 80 A0 VI U Bl AT 7K SC i i
AR ELAE 1992 A A 2 e b JE 3 iy A2 Ak B
A, HE SR B EHR AR E.

3.5
30 e aaaaaa P, >0.90
25
+ 2.0 |
&
15
&
€1
05
0 1 1 1 1 1 1 1
< w (= vy (=4 w [ w < w < w
O o - o~ o o N N =1 (=3 — —
N (=) =) =) =) N N =) (=] (=3 (== (=]
— — — — — — — — o o [a\] o~
F

B R A A R R T K50 8 1 o f KA, X o 14 4F 45 B
9 G AF ARy L B 1982 4R,
B2 EFERAXSHEEN THRESEITETK

500
400
g
~ 300
=
l@ 200
'H:l_
100
0 1 1 1 1 1 1 1 1 ]
(=4 LAl (=] v = vy (=4 v (=4 vy (=4 v
o O ©~ - 0 0 N =] (= (= — —
=) N N N N =) =) [=)) (= (= (= (=
— — — — — — — — o o~ (o] o
FEH

TE B h B S 2 FROR AR ARy B0 1992 4, T,

B3 1961—2015 FHEFMIRBERERTL

ARWFFEIE— 20 o3 b 1 MG AT VLR A A AR I
TR ST 1A (B 4) G5 R 3R TR 5 4T A
A& A ) 2T a3, X 5AER A2 1k
BRI, Hh B4 H (69 DR
Tt /A A TR L 3 P R 2R A O 1 Y B R AR AR
T AR AT O T R E A BT
MUFWIE L H (R 7 A4 R 2 a3 5458
e s AR A A B, BIVRE A TR B AR AR T 5 B HG i
PRI R R 2B, EEEER, BRA
ey U5 BN E AR R IR B S (HOR A LR AT
SUHT R RSN, W, TR EL A (0 A&
MR 4 ) AR T AR AL S B AT SR AR AR U A B
H— 20 BT XU % T R BRI AL
e 5 R AT Y U A A U TR R AT S R B e
M —A B E A X8I A 5T 2% B RS R A T
B3 0 1 TR SO BT UK T I Rl T B e ok |
i DX R 2R AR i DRI KRR 5l A X6 322 b DX YRT )|
(ENNF A RO L RS P R iR (S

23 BERENTUSFME
FHE S Al R K SCUs AR EE 1—3 AR
e NG M SRS 8 H ik 8 i K
H.8—12 H BT Rt . A T M S A V1 3 3k
UiE FA)  — VTP 9] 7 X3 2 VY e b X EE B0 N 1 SR AR b
0 A T B DX, IR I 327 b IXC 1) R 2 1) A T 9 8K ] RE
FEOREAATR EAE 3 H TR ZE I, S AR
MMBIBEENERE S SFERMEMN 71.6 % +
4.4 % 33X 3 B Hb X 1 4F A2 0 o AR Ak B R B Az 3
ST = el T S E ol I I D W 3 i = (T O -
A28 L A PR 0 T o R 32 B A7 I R AR AL A N 25 B
FXEAER . R AR R BRI EE Y H T 52
AR A2 2 B I 0 A R A AR AR R B,
[ B, ASF I & B, e B i JE B 8 AN 2% H A2 i
R R T 747 i i A2 i I
0.4
0.2
0
0.2
0.4
0.6
0.8 |

-1.0
-1.2

7] RESR

BRZHBES/ (mm - a™)

1 2 3 4 5 6 7 8 9 10 11 12
A #

B4 1961—2015 FHEBALRBARRTHBEDR
ZAEFY R SR

—0—
2 RENR

70 o
60 %}: \.ﬂ
g 50 ] H
R 40
ﬁ 30
20
10
0

FZMEZMaZN 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12
A #

Bl 5 1961—2015 EHERMAIRBERNENTL

P 6 R 7 43RBT 1961 — 2015 4F i & i A
VLI IR A A v B RN AR R A I AR R AR L . WO S 1Y
BT EEAE 1961 — 2015 4E[H] L4 0.000 6/a Y%
I B R R R (p<T0.05) , 17 A b ) i
R 38 i A 34 (p <C0.05) » 3 T B W00 3 42 4 76 4F Y
I AN G, RO U 5 A (B AR H B LA 9 4 il
BT . M X A U AR v R A2 3 P XU Ep
JEEVE 2 R A AR DA B K VR AR R Y
i > P A 7K A b TR S 5 A VA 8 AR
N — A E B A, R AR A
Mo TR AR A RO AR . P UM A X 20




114 KPR 2= R

% 35 &

22 90 A1 LA HE B 980 AT VL At S AR Bl B 5 A A 1 b iR
P IR W E T 07 0B AR A AR IR L AR
SRR Sk i S R AR SRR P XL IR N DR T
A B HR Y — T 9] DX ISt A A b R B VDR Y Y
$0IE o A ST 90 194 HE 5 AT VTR e A 1S R A
IRORAP X LADR AP A S BRI . ISR AR 3 1 I X I
AR S R D0, T4 #8517 A B 0T [ /K 19 14520 TE fiE
J1, BEMRT T ARAR N0 Be . (RIS T 2 B T AR
P AR — AR R R AU A R AE K T A
R N izt X MR B L

_08
-g 0.7 b
506
H o
0.5 + ~
i by
H- 0.4 | g
& E-
203 | # - =
g = *
~ 02 L 1 1 1 1 1 1 1 1 1 1 1
(= wy o wy <> w [) wy (=] w [==] vy
O O e~ o~ 0 ] [=2) N (= [=) — —
[=Y [=2 (= (= N [=Y (= a (=1 <> (=] <>
— — — — — — — — (o] o o o
45
Bo6 1961—2015 FHEBALIRBERERET
230 -
£
180 Fw "%BT =m
© n %N AR
170 1 1 1 1 1 1 1 1 1 1 1 1
(=] vy =3 wy [ wy [ w (=] wy (=] wy
O O e~ o~ o0 2] [=2) =} [ < — —
(=)} N (=) (=) (=)} (=)} (=) (=) <> < <> <>
— — — — — — — — ol o) o~ o
FE 4
B7 1961—2015 FHEBALIRBEREFHET
:I: A )
3 45

(L) 48 A Y I B A0 7K SC ol 1) 45 42 i 5
Jei D e e AE ek B, B P A 1992 4R &
e )R WU B AR AR A L 2,715 mm/a (3R 5
T SIS <RI SRR ST E I T (U )
FEE2IN

(O FR S 2RERWEN 7160 £
4406 T A E G A TR SR A AR AR O A A A
T 7R 3 a5 5 AR R AR AR U 2 DU I S
— AN R 3K AT RE I PR T O R S K O
Fil NI R T T R AR

(3) T 65 B A Y1 I B AR AL ) 4 PN 20 T R 7 2 B
“HALELGE”  RIER AR H B R) iR A N 43 S
P 2) 3T BE A PR A AL B AR 32 b DX A BB IR
DL B3

BT AR R K SCH 1961 — 2015 4R H #23i
TERE . R A & 204 #) 53% Mann-Kendall & #, 4
o B RV R ) R G S BT TR 5 A T I SR AR I Y AR
A FIAE R AR A R Sy 1 — A5 U0 A28 3 28 1k 1 3K 3l
PEE T RAF YRR
SE K
[1] Greve P, Orlowsky B, Mueller B, et al. Global assess-

ment of trends in wetting and drying over land [J].Na-

ture Geoscience,2014,7(10):716-721.

[2] Abbott B W, Bishop K, Zarnetske J P, et al. Human
domination of the global water cycle absent from depic-
tions and perceptions [ J]. Nature Geoscience, 2019, 12
(7):533-540.

[3] Feng XM, FuB]J, Piao S L, et al. Revegetation in Chi-
na’s Loess Plateau is approaching sustainable water re-
source limits [J]. Nature Climate Change,2016,6(11):
1019-1022.

[4] LiY., Li HX, Huang J X, et al. An approximation
method for evaluating flash flooding mitigation of
sponge city strategies: A case study of Central Geelong
[J1.Journal of Cleaner Production,2020,257:1-13.

[5] Piao S L. Ciais P, Huang Y, et al. The impacts of cli-
mate change on water resources and agriculture in China
[J].Nature,2010,467(7311) :43-51.

[6] Qin Y, Abatzoglou ] T, Siebert S, et al. Agricultural
risks from changing snowmelt [ J]. Nature Climate
Change,2020,10(5) :459-465.

(7] =, RAU BRI, %.1981— 2010 45 K 5248 1L %)
TR S S B B S e [ ] PR 24 4L 2012, 67 (11D
1471-1481.

(8] ZEm [, ok /@ V. R 4k W, 2555 58w JAL 114 3 2 B B8 R0
(V] b BRARE 2 E Ji% 2004, 23(2) :88-96.

(o] AR SRIEIN  7E 5 , 5. 75 i B A S R e X e AR Ak i
el o K H R A LT Bk 2438 4, 2019, 64 (27) : 2842-2855.

[10] LiY, SuF G, Chen D L, et al. Atmospheric water
transport to the endorheic tibetan plateau and its effect
on the hydrological status in the region [J].Journal of
Geophysical Research: Atmospheres, 2019, 124 (23):
12864-12881.

(110 Rk, 2255, 95 RUPR] 2555 90 Dt )1 4% il A2 1k B He
SR E kL) ] R4 B 4, 2019,64(27) - 2807-2821.

[12] Hoerling M, Hurrell J, Eischeid J, et al. Detection
and attribution of twentieth-century northern and
southern African rainfall change [J]. Journal of Cli-
mate,2006,19(16) :3989-4008.

(130 JRBE  RMF . EAEHE, S 5 8m R J L KR & i
T AR RFAE B H 5 K B 06 R LT M B 22 4R, 2012, 22
(5):795-809.



1 50545 41961 2015 4F 6 90 Y00 L2 1 0L 10 43 15
[14] LiH, LiuL, Liu X C, et al. Greening implication in- [19] Chen T X, Zhang H X, Chen X, et al. Robust drying and
ferred from vegetation dynamics interacted with cli- wetting trends found in regions over China based on Képpen
mate change and Human activities over the southeast climate classifications [ J].Journal of Geophysical Research:
Qinghai-Tibet Plateau [ ] ]. Remote Sensing, 2019, 11 Atmospheres,2017,122(8) :4228-4237.
(20) :e2421. [20] Zarch M A, Sivakumar B, Sharma A. Assessment of
[15] LiH, LiuL, Shan BY, et al.Spatiotemporal variation global aridity change[]].Journal of Hydrology, 2015,
of drought and associated multi-scale response to cli- 520:300-313.
mate change over the Yarlung Zangbo River Basin of [21] XU, 25T K S i T 5 HE P 2 5
Qinghai-Tibet Plateau, China [J]. Remote Sensing. AE A FE AR 5T L) ] e B R 2%, 2007,27(6) : 791-795.
2019,11(13) :e1596. [22]  XUGN. Whif A . WA A e 45 980 A Y042 U A2 flo s 3 B it
(160  ZRikisi, & AR, T AL 4 45 5 T & X 40 0 55 0 e BIAMAT LT ], R BT IR~ 41, 2007, 22(3) :4T1-477.
A4 BR S AR AL B R AE [T, 9 B 22 4, 2006, 55 [23] Curio J, Scherer D. Seasonality and spatial variability
(1) :477-484. of dynamic precipitation controls on the Tibetan Plat-
[17] WA A 2500, S AR LIRS T N S A R eau [J].Earth System Dynamics,2016,7(3) :767-782.
Hukah T[] ). KB 2. 2019,30(4) :496-506. [24] Zhu Z C, Piao S L, Myneni R B, et al. Greening of the
(18] bR, ZB AR, 3 AR, 55 3 T s & 243 B Bk i < earth and its drivers [J].Nature Climate Change, 2016,
FAKGIBTTELT ] M B 2441, 2005, 54(11) :5494-5499. 6(8):791-795.
(k#5109 70
[21] 0B AR 2500 [, 45 R b B 700 B - X/ e i 30 3 Ak [28] LiG, Abrahams A D, Atkinson J F. Correction factors
5B EEB XA ,2008,27(3) :527-535. in the determination of mean velocity of overland flow
[22] Xm0 RIBVLAE B A HLER BT S8 (D] M /R I AR ALk [J].Earth Surface Processes and Landforms, 1996.,21
K24, 2010. (6):509-515.
(23]  EM. 5] it 3h & 28 AL AL 5 A 3 nT i Al 550 [29] Gatto L W. Soil freeze-thaw-induced changes to a sim-
BI[D].BEVY #ik . pE AR MR K2, 2013. ulated rill: potential impacts on soil erosion [J].Geo-
(247 ZEfAh 44 B0, 5 R &K R 50 & B+ 5 i+ 3 morphology.2000,32(1) ;147-160.
PFEAE Y B T 5 S 80 [T ] 4l T/ 23R, (300 X0, T 5% B, v TR L, 462 558 vty g Bt vl 0 e b, + S VR il ok
2019,35(6) :130-140. T B S R i A [T ). R 42741 . 2009, 46 (1) :46-51.
[25]  ZHEDy MO R, /5 5%, 58 W T A0 M T] PR 7 0 B 4 9t i [31] VE5WE, B2 A g , 55 Ok Al A PGS B8 o o 2 B Y
bR i A A S ()] A b HLAR 2 32, 201546 (4) SMBTFELT ] K AR AR, 2011,31(3) - 81-84.
147-154. [32] Lehrsch G A, Sojka R E, Carter D L, et al. Freezing
[26] SREZE.FHE,SHEZ,FRBRILAE LERR TN effects on aggregate stability affected by texture, min-
WEEL) K R i . 1992,12(4) < 1-9. eralogy. and organic matter: Reply [J]. Soil Science
[27] Wang L, Zheng F L, Zhang X J. et al. Discrimination Society of America Journal,1992,56(5) :1659-1659.
of soil losses between ridge and furrow in longitudinal [33] Zhang Z, Ma W , Feng W ], et al. Reconstruction of

ridge-tillage under simulated upslope inflow and rain-

fall [J].Soil and Tillage Research, 2020,198:e104541.

soil particle composition during freeze-thaw cycling: A

review [ J].Pedosphere,2016,26(2):167-179.



