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2.1. WFIE X ML

{510 R A R = R T R -t S P D
At e ZE VR AE R R IATEL (b) 1. #EFTIX
(i EERAIET LU =ANEE LA S E: O FLIX
KGR RZL, AT B Je b i FZRIFEX[EL (o]
[9.25]. @1iZ X f5 . SL R B AR TR, 2 K AR

120° E

Ff TAECE A R ML X 3. 1982—20104F (8], %X
R 75 BEYG IN34%, I8 v T 3 e vy o G Aot DX ) 4 m i
BEC12%) [E1 (D] [11]. @i B AR RATR
FERYR, X AERBPRREL M E R R, JEHK
WUESK X (A ZS 59 2 52 T IS T H8[20,26] . %
TUA BRI, i E s b, 15 B 2 e
WSk X AR B TR O X E S5y, BA
WEFRIVEM X[ (o). (D) 1. WFF X+ ZHEH
%42 h[16], FERBFEIPLE6700 tkm L L, HERIA
11 100 t-km™> (1. T 1960—20104F [ F% K id 3¢,
Z X 3 2 P 3 B K 202500 mm, 7K AR P 45 A A
ANFE), L 80% B FE KA TES~9 H 4y H 2 LUK I it
e R I K O 32, BRI ] R g B A S AR R S B 1)
PVEFE[7, 271, )R GIETD & B A5 1200 kg m ™ LA
I (GR1)[28]. B, iZHLIX BV vbimAs 3 B i ik /K
WHEAES, HEDHmBEEE A FER B 2190% LA
[29]. betn, fE19944E8 H31H, Jbi&inl FiiEss itk
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844 kg'm”’, HAZK IR 5] RS VRV H RS 73 ik B 4
FEHVD R I58.5% 62.2% F1155.6% [30].
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HIF 58 X 1) 1 B 5 1 R 08 ok B B X R &R G R 27
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HR B2 B2 kb X K b CRAFFE it SR AR R B T AR DL s oK
PRITFHE e P SIS Tl R
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P2 H A BRAE AL 7 IR [ R vE AL B4R T N S PR AR I N 4
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R UL S H
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IR K FR 2R A I N e v B S B RS 25 A I
2, HSHa b 5REEHEH UM E[36], Ho, &R
Baw W T RALMIAZ TR 05855, 5 sie b it
IR R KR, QIR AN AR A IR S AR 7 AR I S O
(B B OR[22,36]; 6 %b % Fl T R AE L AR RIRR R
F BT IE AR L PR VD HURL 73 A AU Vb SR YR S A
FEIE[36,40,41]. BEAN, NERFLKID K RIER M RLE F
B S AR AL RRAE, AW FUR AR, 15820418 3)
WAB R J7i5, SHERRA VD B AT 1R, 3Emi4l
BrIKIP K S il L 153 BT TURT BE N B — KV o8 R il 22
FIAH L2450, CLAETE B3 TR, 19654F R K7
KR MLRINE EH ARG N BN 1R B REA
(BRI 1960—19704F IAF AR AN VD i)

2.4. @B N

A3 K FiMann-Kendall (M-K) JEZ 50K 5601 5 1270
R B AR J H W 35 14 [42,43], K H Sen [44]42
HH PR e P A Y 1 S AR R A B D T AR R B R R A AR
), R AES B Pettitt K6 6 [45] 1 & FE48 15,

3. tAREE

3.1, RIS IR A S 5 TRAR b

BF 78 X 9 TLAS K Sk 5 A 58 X I AR R S v
U RERR DS (B2, 2000005, X FKm K
Sk A ) DX AR AR IR R I B0 [X T3] L2006 47 1] 16.8 mm ik £
19944 [1)72.6 mm, HvbA40U 2008 4F [17483.3 t-km >
IEF]19944E 11140 409.6 t-km ™~ B 7T X P FLAN 7K STk

Gaging Area Per%od of A'verage Discharge  Average se.diment Peak sedirr}ent Anr‘lual Sediment
Watershed station (k) available dlschailge range } conce{l}tratlon concerj}tranon sedlmjnt load  load fnie
annual data (mmra’) (mm-a ) (kg'm™) (kgrm™) (t'km™) (ttkm~-a")
Beiluo River Wugi 3408 19632010  28.7 120672 3173 1220 11 133.6 60.5-59 338.8
Beiluo River Zhidan 774 19652010  37.3 9.7-84.4  230.7 941 10712.1 13.7-42 894.1
Beiluo River Liujiahe 7325 19602010  31.8 16.8-72.6  234.1 997 8675.4 483.3-40 409.6
Yanhe River Ganguyi 5891 19602010  34.3 17.9-852  170.6 1203 6747.0 220.7-30 894.6
Qingjian River ~ Yanchuan 3468 19602010  38.5 17.9-89.4 193.9 1150 8728.1 157.4-19 872.9
Entire area — 16 684 19602010  34.1 18.3-75.4 2063 — 8 005.4 345.7-29 379.2
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SEAR IR ARV R I R ZL IR D s, MR Se R 5
SRR W2, TANKSCEE A AT X AR T v A& vb
HAE0.01 R E MK 2D, Sen 43 MR BH %7K Sk
TV B A kD I8 P 7E -385.4 ~—100.8 t-km -2 2 |,
AW FCIX DA A 35 Uk R B 2 —-135.0 tkm *a o I
A, ST X AR R 98D 18 FE -0.3 mm-a !, 5K
SRR IR IR AE 0.7 ~—0.2 mm-a ' Z [d], b, &
LEN K SO SR PG AS T oh, AR YA K STk 1
FRTAEREZ > (p<0.01).

W7 X AR S D B B T insR 3 R, Pettitt
B R PR Z R HAERENREN (p<
0.05), FFFEX R R, EFF XKW, H B
U K ST 3l 5 vD SR AR 1353 9 2001 4F . 19964F . 2002
EL 19964 F120024F X 8 AR AE ) #R 5 3% -+ 5 R UK

—o— Sediment load

ORI it 5 A R B B T, EDUE T R AT
SERMABE . HEX TARHTE AN, B X AR
PRIMEALE30.1%~49.0% 2 [H], A 70 X FER IR N 32.4%;
5k FEIE, b kb iE T 66.1%~83.1% 2 8], A=W F
X b Uk /b 81.4% . AR I Hn Vb 1R U/ i e K T AR AL 1
WDWERE, XFILRX N T (2) FrRIERIKID R R,
KPR R R R BN T 1, R\SR AR 2
R KR B2 PR k2>

3.2, FE RPERIRIK D 5% FR AL

sl (20 frids, & H KI5 S ih 28 %R e HoE K,
PR, PR v B 0l O Bk L v AL, AT
WA REIHBIHIPIAN KD R A MALSE (gafb) YLK
A FH R RE (RD . st i (237 PRk,
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B2, HFFEIX A TSR SCo 5 2T IX RERR S b A2t . (a) RitE; (b &St (o) XIS (d) HAREE; (e) %I () &HFEX.

2 1960—20104F MR 7T IX AR R Ve Vb & s A AR L 34

Gaging Annual discharge Annual sediment concentration Annual sediment load

station MK, Z Sen’s, f (mm) MK, Z Sen’s, 8 (kg:m ) MK, Z Sen’s, f (t-km?)
Wugi 43" -0.5 4.7 -7.6 4.4 -322.9

Zhidan —4.0™ -0.7 517 ~7.4 —4.4™ -385.4

Liujiahe 26" -0.2 4.1 4.4 3.7 -169.9

Ganguyi 28" -0.3 -3.0" 2.8 -3.0" -100.8
Yanchuan —1.7% 0.2 -3.0" 32 2.7" -121.4

Entire area 2.6 0.3 32" 32 -3.07 -135.0

“and """ indicate the 0.01 and 0.001 significance levels, respectively; NS indicates that the significance level exceeds 0.05.



ASCIEF T 114, 155 F204E = /AN 3h 25 Ko 42 i A
VORI AT R RS 0T, 45 RER W, 1E1960—
20104 8], AS[E 30 K T A3 /KT Ok R AR R
AEAHML (. Supplementary data+ ffJFig. S1), Kk, 7E
ASCHAL LUV KA T A3 45 SR b AT Ui B . an &3
B, AR s AEAS A (] B4l 7K 70 56 & it 2 1 4
KABABK T 0.6; 1E1960—20104E 7], sK¥b 3% & h £k
PR ZHORH A AH O 22 B8 T HE 00 ) I (1) A SR
k. FEWT TN BERIHT304F, &3l mizK b Ok 5 M 445 b
HBLE BT B B A 5 3G n,  F HLAE201H 22 70454 F180

5

SEARHATR] BB, R DA SR A AE 1] 3 LA R .
Mg, 720t 290 AR 5 HH LASKR 204K [H],  JS & AN A
il R ZEb G N R FEAN [F], AF A S EER R I R Y
B (p <0.05), thwn, SFEFRXME, FE
B4R JS 2 Hb (-7 B U 53 ) N 1.09412.63. L& 2
1 galb i 18] AR AR AE A 2 4%, %S HAEFH P
AR CGEFPF XIS BB FHUE AR
P B R S (p < 0.01), (HAE R AR /K 035 A4
F 70 X HL /NI P Ak 5 AN . dealh, w R BuE A r
TR KD R R L UG AH G REFR B T e, U2

|3 PRI D B RARK I )

Gaging Annual discharge Annual sediment load

station Change-point year Pre (mm) Post (mm)  Change (%) Change-point year Pre (t-km?) Post (t-km ) Change (%)
Waugi 20017 31.4 16.9 —46.3 20017 13 188.6 2229.0 -83.1
Zhidan 1996 43.9 22.4 —49.0 1996 14245.4 26359 -81.5
Liujiahe 2002° 34.0 19.9 —41.6 20027 9969.3 1720.6 —-82.7
Ganguyi 1996™ 37.9 24.8 —34.6 1996™" 8242.5 2794.6 —66.1
Yanchuan 1996 42.0 29.3 -30.1 2002 10 006.8 1855.4 -81.5
Entire area 1996™ 373 252 324 2002" 9177.6 1705.2 -81.4

""", and ™" indicate the 0.05, 0.01, and 0.001 significance levels, respectively. “Pre” refers to the period from the beginning year of the data series to the
year in the “ Change-point year” column and “Post” refers to the period from the year when “Pre” ends. “Change ” is the relative change in mean annual
discharge/sediment load before and after the change-point year, expressed as a percentage.
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FEIT ST BT BRI 2, o B Al i o bR O SO0 Kb 5%
AMIRRE LA, B WIAERI 2L AN N TE S A T ik
IRV R AZAFEINE A

4. 118

4.1. FKIV K H AL 7 R IR )

ABRVE 22 TR R GUER I E) K Vb 56 2R i 2 Bl I TR]
A5, 20 TN KD 58 & i & 2 B AR L e I ik
IR R IR B L RIS R RIRREE  TRTIE AR Tk AN
RUAYY B 7 S IR A8 10 [22,36], XTI —4FE
XIS, KiDIRR A S HI=0 fe 1240 2 DA
K[46,47]0 Iy ™vb = B AR I T S R Ak L [E] R
IR, B4R T N = AN S Gl F A 70 X AF
B K B ARARAE,  1960—20104F [a] fRIHIF 7% [X 4F [ 7K & 3F
REDH B Z W B (p>0.05). B FriIwF5e o
W IAN g,  NZETES) 5] BRI ZU )T 5 TH AR A A2 50 3
v S DX A VD B e R R SRR [16] . H R B L S
PABURT 9 S AE 38 v JEF R 7 KB /K L AR RE R AR
AEWIED)[48-50], FEAEH T201H 22 70~804FAKH120
ALy, JELL20tH 2870 AR E AV XA B 804
RREVINARIR SR A TR HE TR 1999 4 FF 2 B B IS AR EE T
FEBON LAY, F4BIR, 1% X K AR 3R A HH T AR 52
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SGIRUR R ATl Uy L R AN AL 1R B S NTR B TR
L AR[9,51], T LI BE BE AR E Ak BERAR YA I I BT
W RS, R, I REE I P EE A s A e
ks [52,53]. MhAh, IK A LREFE i ) STtk R It e
WIEIEYE, W R [54-56]. Rz, ZHLIX
(7K - ARFFE HETE VR 3 Y Vb e 77 T 2L AT 2% R 3R 1) Hh
B, IR VS S vk ) B 3 B TR R 21 [16,57-60]
I, 52 A 7K R R it 0 SR A it sk b 56
. CAWIIIRWI[36,60-62], KIVIK AR LT R a
A T RAEGA e Vb B SRR, HBUE W 7E K LK 5
KA R FR AL W AT RAEZ IR 12 1k 5 Y Vb P
REJT, AT HREb SR, AR I 3 0 R R I I
12 b B BE 77 ) SO 3 5 A VD B B PO I . R,
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K DR i e ) St 5 B AT LA I, A 20 40 70~904F
RZ X IR IT i 5 5 7= 90 X IR B AN R 45 A v B TR
IR, KVDIC Z il 2o R I H BRI HR £ b I/ R AL
lga, TM90EAR 5 W48 b 1 3 39 Al & Hga 198/
2 HH LR RS B BEE AR TR St Je, X AE—
TEFRE B R BUK YD ¢ R S BB BT X RE I K 4 OR Hr
KD RN . A, AR 3 H X L AT th 2R B,
BNRIK VD i 26 2 80 ga 32 AR Hp HH BT DR H 300 T R
DR B (R B BRI . 241, 7E201H 40 70~804F
AV S B N 123 A B i L B2 T s B
AT 8 km®. 13 km®F120 km®, iZHF BN IX =M K
WK RS Hgarn ML T 24%. 34%F152%, Tta%D
MIBEAR T . SRTT, MOOLEAC G A LL)S Fa ¥p 1 5. 3%
B0 D055 DR AR bR B it r R AR FH B AR R R
KZR[6]. DRk, A SCHE U b 2S5 V) T8 5 it 1 I it 2
SRS Ha i)y, 35 TR B4 it D) Ho i3 in A
BHERKPEH. AHERHES O 10— i 7 B SR,
WiZheng [101HF7CIAN, JAHWHISS KD 56 & A AR EL
TR K RIIRL 2 R EL: YanS5E[63] 2 T HC 0T it 45k
LI R 56 A A SR 7K e DR 5 Tt B SO It 3t 3K b 5%
Fo o H AR ph VA TE Y U il v SR TS e 5 | /S ; T Gao

|4 WTHX AR ARSI SR RAF AR

7

641N KD R AR T F R EE T K. £
ASC,  H TR 20120 AR 5 X P 9 4 200 it 5 % 1
RS it () REBE [RI A7 AE, BRI, AR S0 PR A BRI
ANRERA 8 W TH K LR RRE 2 5 2 5l KK R R &S
alty . —Lefff 7 22 DL R BT AR AE (i ek
M R FHERARFIR RS
Kb R 26 [24,65,66], UlHeng flSuetsugi [66] FEJH 2
WA LA R MR VAR R A DR RN g ]
RF PR ID o R eS8, X PP v e B LA S
Kbk R ML S, Wl HF R LA EKD KR
BT, DAk — D AT 5 2 A0 7K e PR AREE it dn ] 3 e T
ERTHT PR 508 3 1T SR B A K 0 Ok R AR

4.2. KR AL FHIFE R E X

KIS L T ASFEARI KD 56 8 LR B KD R R 2
Bl A2 Je Hdgon O30 B PR, KR R &
T H B KM AN BEE,  tt, ASCRASEEARR K
WRAMEZ AL TR — DR AR
TG T R T R I SRR, BRI Ok R R
A RS s ENGRSAIE T, HARRK TG SRR
I, BEOR A 7K D 5% 28 b 2 B Xk N2 A b 8t W] e K e i

Watershed/ Year Terraces Farmland created by Afforestation  Grass-planting Total area Proportion of
gaging station (km®) check-dams (km®) (km®) (km®) (km®) affected area (%)
Upper Beiluo River/ 1959 3 1 52 2 58 0.8
Liujiahe station 1969 35 5 164 13 217 3.0

1979 85 13 285 36 419 5.7

1989 134 13 550 167 864 11.8

1996 202 19 834 267 1322 18.0

2006 262 20 1492 678 2452 33.5
Yanhe River/ 1959 4 5 41 0 50 0.8
Ganguyi station 1969 47 16 161 4 228 39

1979 98 29 287 18 432 7.3

1989 174 38 841 145 1198 20.3

1999 185 24 1314 114 1637 27.8

2006 296 32 2025 344 2697 45.8
Qingjian River/ 1959 7 1 13 0 21 0.6
Yanchuan station 1969 42 3 47 3 95 2.7

1979 93 7 111 6 217 6.3

1989 146 23 596 26 791 22.8

1999 161 27 698 80 966 27.9

2006 243 48 1213 230 1734 50.0

This table only lists the three watersheds where the three stations (Liujiahe, Ganguyi, and Yanchuan) are located; the other two watersheds where two
stations (Wugqi and Zhidan) are located were excluded here due to the non-availability of data.
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Bhn. XERWH, EHRKDRRFMET, sl ge
KA CONIKNTE, KOKKRID” A . SRS A
FIEFHILEAERR, 38 i JE s X A ke b B
RRERFEAG, DT Ik SR 2 AR R 2 550 e
ORI X Ve VD RIRS BT I FRAS, R, AR AR
At TR 25 A TR R AR, BL20TH 260 AR
KPR R ML HEAE, LA BT 200047 )5 (17K VD 5% R0
REAVPREAE, FTCARIL, TE20004F J5 BT BN, 50
XA HH B R AR I & e Tl SR = 0, 4 5282001
EAE A0, 2002 FEAE XS SE ) 1| F4HF 5T
X.o fEXFRFAET, Ha DR FA: D & e T DU
HERIK VD C R sy &, B —F4F (20024
FAD AL B B A B I T R, IR AE
—ERREE LR, BrK KRR, Wi E vl
REI Bl SR L YR Vb A

w ESCRTIR, AKYb Ok R M S B AR E i BE =R
HF VA T8 12 0k g ] ) A2 B0 7 3G 58 . 7RI R Gt
W, JeVb BT 1Ak B RS [67-69], IS

VIR A R Gl A 7 e < L NP K /N1 R R B = £
MR L TP R, KD 0% & 4 48 e 1 BE o e
AERALI IE R T AE /I K155 [36,60]. Perks Al Warburton
[70] K BRAAE VR FRAR P BB N5 2 2 fin] 1, S8 3K
Zhang %5 [29] 38 15 0yt K S5 i i 2 AT o A I,
A ZS E AR P BT S il 2 be g n, R e R
VETEAZ P ARY BT o5 Lo A R &4 [71,72]. HET, 3K
v T DX PR VA S PN B T A A L A Lt R T
BRI EE b, & O AR I I BT [73-75). AR,
XG5 O By B A vl UG, FERT RIS R, W
TH A2 1l ) 1 5 0T R0 FLE A B R B s . 20174 5 2,
550 50 DX AH 418 P DR B ek A A B B K A, sAR TR
TAITE | Y R URUET B b ) 20 e ) A % UK AT A
W — AN EEFEN[76]. Wang25[77] 55 1Z A% HIHTF 5T
R, IR VA E AR A YRV B T A T A
BRIV R, AR AR TRTE R 2 L 5 B K B A
RV EERYE . R, TERTRIKID R REME T,
A5 VAT (AR e Rl 5 0 RT i 1 5 T T 2 A T b AL
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5. 4518

AT 5T LA v i R XA 6], 3% 1960—2010
SRR AR IR AN DB, T T KD Ok R IR AR K
HSXF K AR RS N . 25 3R, B 7 B P s
KPR R R R, BRI REREUK KR
FAETIRNFURFREO I N, HUR R BLE AT B N 2%
817 S5 BARG IR . 7K VD 5% R Ml 2 AN S BB T T X
PN 7K S SRR it 1) S T R AR AR Ak, IE AT RE A KBTI B
IOBEWS KD G SRl 4, TIX AT KD 6 R R Ui
WAEBRE A AR ORI 5 . b, BT IH KR &R
LRIRAFE— MG S, TEFRKD R RZMT, KT
Il S AR T R VD A e 2 T /b, IR BRI HL X R
ARSI 2 SORAS: AW, EMR AT, KT ISt
A A AW ity A5 U AR T R R SR IR VD RS . L TRISR
U, AN I FE X P 58 Z B K T PR it O T
BRI R E, BrioKeb K R 5440 T wmib SR v fe
A BRI e 3G N7 9

g

AW AT E] T BV SR IR (2018ZDXM-
GY-030). EZRFET AR BeE E AR Frderm
KFEARI 5 2 (xjj2018204) F17H 22 58 38 K 2% 75 4F
WIS ANA RIS, Frith— IR .

Compliance with ethics guidelines

All authors (Peng-Cheng Sun, Yi-Ping Wu, Zhi-Feng
Yang, Bellie Sivakumar, Lin-Jing Qiu, Shu-Guang Liu, and
Yan-Peng Cai) declare that they have no conflict of interest

or financial conflicts to disclose.

References

[1] Shi C, Zhang D, You L. Changes in sediment yield of the Yellow River Basin of
China during the Holocene. Geomorphology 2002;46(3):267-83.

[2] Wang S, Fu B, Liang W. Developing policy for the Yellow River sediment
sustainable control. Natl Sci Rev 2016;3(2):160-2.

[3] Wang H, Yang Z, Saito Y, Liu JP, Sun X, Wang Y. Stepwise decreases of the
Huanghe (Yellow River) sediment load (1950-2005): impacts of climate
change and human activities. Global Planet Change 2007;57(3-4):331-54.

[4] Fu B. Soil erosion and its control in the loess plateau of China. Soil Use Manage
1989;5(2):76-82.

[5] Chen L, Wei W, Fu B, Lu Y. Soil and water conservation on the Loess Plateau in
China: review and perspective. Prog Phys Geogr 2007;31(4):389-403.

[6] Wang S, Fu B, Piao S, Lii Y, Ciais P, Feng X, et al. Reduced sediment transport in
the Yellow River due to anthropogenic changes. Nat Geosci 2016;9(1):38.

[7] Shi H, Shao M. Soil and water loss from the Loess Plateau in China. J Arid
Environ 2000;45(1):9-20.

[8] Liang W, Bai D, Wang F, Fu B, Yan J, Wang S, et al. Quantifying the impacts
of climate change and ecological restoration on streamflow changes based
on a Budyko hydrological model in China’s Loess Plateau. Water Resour Res
2015;51(8):6500-19.

[9] Zhao G, Mu X, Wen Z, Wang F, Gao P. Soil erosion, conservation, and
ecoenvironment changes in the Loess Plateau of China. Land Degrad Dev
2013;24 (5):499-510.

[10] Zheng M. A spatially invariant sediment rating curve and its temporal change
following watershed management in the Chinese Loess Plateau. Sci Total
Environ 2018;630:1453-63.

[11] Chen Y, Wang K, Lin Y, Shi W, Song Y, He X. Balancing green and grain trade.
Nat Geosci 2015;8(10):739-41.

[12] Li J, Peng S, Li Z. Detecting and attributing vegetation changes on China’s
Loess Plateau. Agr Forest Meteorol 2017;247:260-70.

[13] Zhang ], Zhang X, Li R, Chen L, Lin P. Did streamflow or suspended sediment
concentration changes reduce sediment load in the middle reaches of the
Yellow River? | Hydrol 2017;546:357-69.

[14] Best J. Anthropogenic stresses on the world’s big rivers. Nat Geosci 2019;12
(1):7-21.

[15] Walling DE, Fang D. Recent trends in the suspended sediment loads of the
world’s rivers. Global Planet Change 2003;39(1-2):111-26.

[16] Fu B, Wang S, Liu Y, Liu J, Liang W, Miao C. Hydrogeomorphic ecosystem
responses to natural and anthropogenic changes in the Loess Plateau of
China. Annu Rev Earth PI Sc 2017;45:223-43.

[17] Gao G, Zhang ], Liu Y, Ning Z, Fu B, Sivapalan M. Spatio-temporal patterns
of the effects of precipitation variability and land use/cover changes on
longterm changes in sediment yield in the Loess Plateau, China. Hydrol Earth
Syst Sci 2017;21(9):4363-78.

[18] Zhang Q, Harman CJ, Ball WP. An improved method for interpretation of
riverine concentration-discharge relationships indicates long-term shifts in
reservoir sediment trapping. Geophys Res Lett 2016;43(19):10,215-24.

[19] Chorover ], Derry LA, McDowell WH. Concentration-discharge relations in the
critical zone: implications for resolving critical zone structure, function, and
evolution. Water Resour Res 2017;53(11):8654-9.

[20] Gray AB, Pasternack GB, Watson EB, Warrick JA, Gofii MA. Effects of
antecedent hydrologic conditions, time dependence, and climate cycles
on the suspended sediment load of the Salinas River, California. ] Hydrol
2015;525:632-49.

[21] Warrick JA, Rubin DM. Suspended-sediment rating curve response to
urbanization and wildfire, Santa Ana River, California. ] Geopghys Res Earth
2007;112(F2): F2018,1-15.

[22] Warrick JA. Trend analyses with river sediment rating curves. Hydrol Process
2015;29(6):936-49.

[23] Burt TP, Worrall F, Howden NJK, Anderson MG. Shifts in discharge-
concentration relationships as a small catchment recover from severe
drought. Hydrol Process 2015;29(4):498-507.

[24] Zhang S, Chen D, Li F, He L, Yan M, Yan Y. Evaluating spatial variation of
suspended sediment rating curves in the middle Yellow River Basin, China.
Hydrol Process 2018;32(11):1616-24.

[25] Li X, Liu X, Li Z. Effects of rainfall and underlying surface on sediment yield in
the main sediment-yielding area of the Yellow River. ] Hydraul Eng 2016;47
(10):1253-9. Chinese.

[26] Creed IF, Lane CR, Serran JN, Alexander LC, Basu NB, Calhoun AJK, et al.
Enhancing protection for vulnerable waters. Nat Geosci 2017;10(11):809.

[27] Zhou P, Wang Z. A study on rainstorm causing soil erosion in the Loess
Plateau. ] Soil Water Conserv 1992;6(3):1-5. Chinese.

[28] Zhang ]. Streamflow and sediment load regime changes and hydrologic
nonlinear analysis and simulation in the middle reaches of the Yellow River
[dissertation]. Yangling: Chinese Academy of Sciences; 2016. Chinese.

[29] Zhang X, Lin P, Chen H, Yan R, Zhang ], Yu Y, et al. Understanding land use and
cover change impacts on run-off and sediment load at flood events on the
Loess Plateau, China. Hydrol Process 2018;32(4):576-89.

[30] Jing X, Song Z. Analysis of the rainfall storm and flood on 31 August 1994 in
the Beiluo River watershed, Shaanxi Province. Hydrology 2000;20(1):56-9.
Chinese.

[31] Loess Plateau Data Center [Internet]. Xianyang: National Earth System
Science Data Sharing Infrastructure of China; c2003-2015 [cited 2019 Jan 17].
Available from: http://loess.geodata.cn.

[32] National Meteorological Information Center [Internet]. Beijing: National
Meteorological Information Center; c2005-2017 [cited 2019 Jan 17]. Available
from: http://data.cma.cn.

[33] NASA Ames Ecological Forecasting Lab [Internet]. Washington, DC: National
Aeronautics and Space Administration; [updated 2016 Mar 4; cited 2019 Jan
17]. Available from: https://ecocast.arc.nasa.gov/.

[34] Pinzon ], Tucker C. A non-stationary 1981-2012 AVHRR NDVI3g time series.
Remote Sens 2014;6(8):6929-60.

[35] Yao W, Xu J, Ran D. Assessment of changing trends in streamflow and
sediment fluxes in the Yellow River Basin, Zhengzhou: The Yellow River
Water Conservancy Press; 2011. Chinese.

[36] Asselman NEM. Fitting and interpretation of sediment rating curves. ] Hydrol
2000;234(3):228-48.



10

[37] Hu B, Wang H, Yang Z, Sun X. Temporal and spatial variations of sediment
rating curves in the Changjiang (Yangtze River) Basin and their implications.
Quatern Int 2011;230(1-2):34-43.

[38] Syvitski JP, Morehead MD, Bahr DB, Mulder T. Estimating fluvial sediment
transport: the rating parameters. Water Resour Res 2000;36(9):2747-60.

[39] Gao P, Deng ], Chai X, Mu X, Zhao G, Shao H, et al. Dynamic sediment
discharge in the Hekou-Longmen region of Yellow River and soil and water
conservation implications. Sci Total Environ 2017;578:56-66.

[40] Yang G, Chen Z, Yu F, Wang Z, Zhao Y, Wang Z. Sediment rating parameters
and their implications: Yangtze River, China. Geomorphology 2007;85(3-
4):166-75.

[41] Vaughan AA, Belmont P, Hawkins CP, Wilcock P. Near-channel versus
watershed controls on sediment rating curves. ] Geophys Res Earth
2017;122(10):1901-23.

[42] Kendall MG. Rank correlation measures. London: Charles Griffin; 1975.

[43] Mann HB. Nonparametric tests against trend. Econometrica 1945;13 (3):245-
59.

[44] Sen PK. Estimates of the regression coefficient based on Kendall’s Tau. ] Am
Stat Assoc 1968;63(324):1379-89.

[45] Pettitt AN. A non-parametric approach to the change-point problem. J R Stat
Soc C Appl 1979;28(2):126-35.

[46] VanSickle ], Beschta RL. Supply-based models of suspended sediment
transport in streams. Water Resour Res 1983;19(3):768-78.

[47] Hovius N, Stark CP, Hao-Tsu C, Jiun-Chuan L. Supply and removal of sediment
in a landslide-dominated mountain belt: Central Range, Taiwan, China. ] Geol
2000;108(1):73-89.

[48] Wang S, Fu B, Liang W, Liu Y, Wang Y. Driving forces of changes in the
water and sediment relationship in the Yellow River. Sci Total Environ
2017;576:453-61.

[49] Zhao G, Mu X, Jiao ], An Z, Klik A, Wang F, et al. Evidence and causes of
spatiotemporal changes in runoff and sediment yield on the Chinese Loess
Plateau. Land Degrad Dev 2017;28(2):579-90.

[50] Li E, Mu X, Zhao G, Gao P, Sun W. Effects of check dams on runoff and
sediment load in a semi-arid river basin of the Yellow River. Stoch Env Res
Risk A 2017;31(7):1791-803.

[51] Tang K. Soil and water conservation in China. Beijing: Science Press; 2004.
Chinese.

[52] Xu X, Zhang H, Zhang O. Development of check-dam systems in gullies on the
Loess Plateau, China. Environ Sci Policy 2004;7(2):79-86.

[53] Piton G, Carladous S, Recking A, Liébault F, Tacnet JM, Kuss D, et al. Why do
we build check dams in Alpine streams? An historical perspective from the
French experience. Earth Surf Proc Land 2016;42(1):91-108.

[54] Gumiere S], Le Bissonnais Y, Raclot D, Cheviron B. Vegetated filter effects
on sedimentological connectivity of agricultural catchments in erosion
modelling: a review. Earth Surf Proc Land 2011;36(1):3-19.

[55] Marchamalo M, Hooke JM, Sandercock PJ. Flow and sediment connectivity
in semi-arid landscapes in SE Spain: patterns and controls. Land Degrad Dev
2016;27(4):1032-44.

[56] Liu Y, Fu B. Assessing sedimentological connectivity using WATEM/SEDEM
model in a hilly and gully watershed of the Loess Plateau, China. Ecol Indic
2016;66:259-68.

[57] Yang X, Sun W, Li P, Mu X, Gao P, Zhao G. Reduced sediment transport in the
Chinese Loess Plateau due to climate change and human activities. Sci Total
Environ 2018;642:591-600.

[58] Yao W, Xiao P, Shen Z, Wang J, Jiao P. Analysis of the contribution of multiple
factors to the recent decrease in discharge and sediment yield in the Yellow
River Basin, China. ] Geogr Sci 2016;26(9):1289-304.

[59] Miao C, Ni J, Borthwick AGL, Yang L. A preliminary estimate of human and
natural contributions to the changes in water discharge and sediment load in
the Yellow River. Global Planet Change 2011;76(3-4):196-205.

[60] Wang H, Yang Z, Wang Y, Saito Y, Liu J. Reconstruction of sediment flux from
the Changjiang (Yangtze River) to the sea since the 1860s. ] Hydrol 2008;349
(3-4):318-32.

[61] Morgan RPC. Soil erosion and conservation. Hoboken: John Wiley & Sons;
2009.

[62] Horowitz AJ. An evaluation of sediment rating curves for estimating
suspended sediment concentrations for subsequent flux calculations. Hydrol
Process 2003;17(17):3387-409.

[63] Yan Q, Lei T, Yuan C, Lei Q, Yang X, Zhang M, et al. Effects of watershed
management practices on the relationships among rainfall, runoff, and
sediment delivery in the hilly-gully region of the Loess Plateau in China.
Geomorphology 2015;228:735-45.

[64] Gao G, Fu B, Zhang ], Ma Y, Sivapalan M. Multiscale temporal variability of
flow-sediment relationships during the 1950s-2014 in the Loess Plateau,
China. ] Hydrol 2018;563:609-19.

[65] Atieh M, Mehltretter SL, Gharabaghi B, Rudra R. Integrative neural networks
model for prediction of sediment rating curve parameters for ungauged
basins. ] Hydrol 2015;531:1095-107.

[66] Heng S, Suetsugi T. Comparison of regionalization approaches in
parameterizing sediment rating curve in ungauged catchments for
subsequent instantaneous sediment yield prediction. ] Hydrol 2014;512:240-
53.

[67] Langbein WB, Leopold LB. Quasi-equilibrium states in channel morphology.
Am ] Sci 1964;262(6):782-94.

[68] Mackin JH. Concept of a graded river. Geol Soc Am Bull 1948;59(5):463-511.

[69] Qian N, Zhang R, Zhou Z. River bed revolution. Beijing: Science Press; 1987.
Chinese.

[70] Perks M]J, Warburton J. Reduced fine sediment flux and channel change in
response to the managed diversion of an upland river channel. Earth Surf Dyn
2016;4(3):705-19.

[71] Smith HG, Dragovich D. Interpreting sediment delivery processes using
suspended sediment-discharge hysteresis patterns from nested upland
catchments, South-Eastern Australia. Hydrol Process 2009;23(17):2415-26.

[72] Pietron” ], Jarsjo J, Romanchenko AO, Chalov SR. Model analyses of the
contribution of in-channel processes to sediment concentration hysteresis
loops. ] Hydrol 2015;527:576-89.

[73] Zhu TX. Gully and tunnel erosion in the hilly Loess Plateau region, China.
Geomorphology 2012;153-154:144-55.

[74] Zhang ], He C, Chen L, Cao S. Improving food security in China by taking
advantage of marginal and degraded lands. ] Clean Prod 2017;171:1020-30.

[75] Wang S, Fu B, Chen H, Liu Y. Regional development boundary of China’s Loess
Plateau: water limit and land shortage. Land Use Pol 2017;74:130-6.

[76] Wang N, Chen Y, Bai L, Bai H, Jiao ]. Investigation on soil erosion in small
watersheds under “7.26” extreme rainstorm in Zizhou County, northern
Shaanxi Province. Bull Soil Water Conserv 2017;37(4):338-44. Chinese.

[77] Wang D, Hou S, Yang ], Guo Y, Zheng Y. Analysis of the sediment of the flood
formed by July 26 rainstorm in the Wuding River Basin. Yellow River 2017;39
(12):18-21. Chinese.



