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Changes in streamflow and sediment load in the catchments of the Loess Plateau,
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Abstract: Human activities and climate change are two critical driving forces of catchment hydrological processes, for
which, streamflow and sediment load are the two main indicators. Changing trends and attribution analysis of streamflow and
sediment load under changing environments are now the focus of hydrological and global change studies. The Loess Plateau
(LP) of China is well known for its severe soil erosion and the heavy sediment load of the Yellow River that flows through
it. To control soil erosion in the LP, large ecological restoration construction projects and several soil and water conservation
measures have been implemented since the 1950s, which have resulted in extensive land use and vegetation cover changes.
These extensive changes in land surface conditions in combination with climate change have dramatically altered the
hydrological regime, including streamflow, sediment load, and flow-sediment relationships in the LP. The spatio-temporal
variability of streamflow and sediment load, and the dominant mechanisms behind these changes are important issues in the
development of strategies for sustainable land and water management in the LP. We reviewed previous studies that

documented changes in streamflow, sediment load, and flow-sediment relationships to improve our understanding of these
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processes. The methods used to separate the impacts of human activities and climate change on streamflow and sediment load
and the results obtained in these studies are summarized here. The influence of climate change, vegetation restoration, soil
and water conservation measures, as well as catchment landscape patterns on driving changes in streamflow and sediment
load are also discussed. Finally, the following further studies are proposed: 1) Studying the spatio-temporal patterns in
streamflow and sediment load evolution and quantifying the non-linear characteristics of flow-sediment relationships, 2)
Demonstrating the effects and contributions of exireme events on streamflow and sediment load dynamics, 3) Conducting
comprehensive analyses on the influence of multiple factors on streamflow and sediment load, 4) Developing a coupled
rainfall-streamflow-sediment yield model that includes the dynamic characteristics of surface cover and climate change, with
the aim of revealing feedback mechanisms between ecological restoration and the evolution of streamflow and sediment load,
and 5) Predicting streamflow and sediment load dynamics under future scenarios of climate change, with the added effects
of socio-economic development and ecological construction engineering; which is likely to provide suggestions for ecological

treatment and water resource management in the LP, and regulation of water and sediment in the Yellow River.

Key Words: streamflow and sediment load; spatio-temporal variations; human activities; climate change; driving

mechanisms

SMRAE A AR A BRI B Y AS [R) R BE A28 1 sk S R kiR sk v T 20 tHAD Lk, Sk
e H 3L AR S RS EIF R T 2 A AW E TP AR T 19 & it 2 L IR %)
SR T AR RGNS A BE S 25 R0 A0, Bl K S AR A B -7 T YD R AR T Y
IKSCERGE, sk T U X AN R S A AR 06 R B AR R B e AR R IL
A TR RIS A 5 T R VD B 2 A 8 AR Ak AR TR) X, AR RIS R AS [ B B i K VAR A AR L
A 22 S T ST S A A A A8 A X 7K VA8 Ak A 5K B0 1 F -t (A B H 505 A e 23 A8 SRR AiE 70 ik v
AR AL EL B R A BR AR AL 7 4 B B A AR 0 , %o HL AR fh i AR AN SR S ML B9 GR A Bh T S R B AT B, T
Fre kR th B

B U TR - R kAR E Y X K e Ul A BT Hh i B (S A A AU R 2
T, ZAEFHEVD A 16 420, PR VbR i F R Ve v B R 6%, A 20 4D 50 4R4C, R 70 4F
FRLASK , B - e D5 X T 1 KA A £ 25 BRI i MK R e 25 B A B, SR TR RN T3 AR 55 6 1 i iy
IR FH DA SN R AR 50 1999 4F 2 J5 MAEAT TR FFEAK () TRRIBURK , A b ) F A 6 78 25
Sk AR AR R R R AR I (T SR, A 20 42 50 ARAR LK, R TR b XA o K U
A SIRTE R AR T AR R G AR A (e A 3 A 7 R U R R A, LR R AR K
TNFIGEHCR: , THFE—E AK IR, 1 TR R S TR VD28 /N P, S T th S A58 3 P —
SEFRFEMREAS, PR, R Z A ST Sl R B S0 A0 A8 Al o) 8 - i S X K A SR AR ik = 1 7= A T TR A
(A RE IR, 49643 Tl AR S 0805 Tl S v S ARG, A TNRERL o B AR S D i 25 60 AR 2URI AL, U
B 70% i Sk TP 20 THEZE 70 AR CARAE 16 /2RI A 2000 4F LIK B9SEME 3 A2miZze A7 e
A, B 4 R R AR T H 22 2 1T EL R B S5 RN S A SR ELAT B Sk B 2SS O A DX I 7 VD AR B
2ROy I TR AT B - IR O VbR Ak B I 2 R S 0K S AL R 8 g UK R AR A A A
MBS R DA S BT K U5 B BB R S, I — [ 1, AR SC M T3k 28 I i V0 RN /K U0 56 R AR AR ARAE | 38k
IR VB AEARYA PR 3B RN 3K VAR A BIR ShAIL I 45 = Ay T 88 4 w8 D3 3K VA Ak B4 AR S AF 5T R A 7 2 A R
i, JF RN T B — 2L A ST G T R

’.

1 FEEREDFIKD X RTHHHE

=~

o e SR G b i B A R S A SR A 25 A S A T R SO R, A B g D

http ; //www.ecologica.cn



4 S % 40 6

I 60 AFRAR T VDRI B N B2 —E W23 15 FAFE . Zhang 55 F1 Rustomiji 55 (5T
M, 1950—2000 A=A [B)¥Ar 11 g 1T DR 11 A 22 B2 37 dak 0 41 428 38 o R 0 e 45 00 3 AT, T AR S B 430 Ry
0.13—1.58 mm/a 1 0.03—0.42x10° t km™ a™" , AFEAR L VD 52248 (19 45 s 7E 1971—1985 4EZ ], H 7 AN
S SRR B NS 1957—2012 4EIIA], B 4 R R 58 AN EE A 44 A T 4E
BT FREE(-0.1—2.6 mm/a) ,52 DT I A4EH 705 B K (-2.86—636 t km ™ a™') , #2i
BT UD T A o S 2 DX A JRU AR RS (2 DX A TR0, AR T D T MR B B Bt
PEREAE (1957—1979 ,1980—1999 #il 2000—2012) , H. 2000—2012 F [ fIZ1") | Zheng 25 F] FH 122 4~7K 3C
i B KA o3 BT R WY, B A I 2008—2016 22 4F - 2458 3 M Vb A LG 1971—1987 4F 53 5] 98 D 229%
174%™

RS B AR R ST AR IR AN AR R B AR AR, AR R S VD AR A TE AN R e ) RS | A AR S
FAIEZ TR EM , Gao SFHFFE A, 1961—2011 4 [a1I] 11 g 1] DX )3 — 2 22 i kA2 I i (19 AR B AR 5 R 8K
HBRE kg LTI R U R BOR S U R AR AR S R B Y DA S5 R AR i
YOI T S AR, (R AR R B A8 SRS o . 53 A, 8 b R AR T VD S AR A TR T LA
Uity g NN SR R A AR, 7—8 AR T v AR A DTk 7] 43 31158 50% F1 80% , fe K HR H A2 i i vb i 2
HAFERY 10%F130% ', Rustomji ZFARFF LR BT, ek 5 H AR B KB AT ik 247 vb 219 50%—99% '
DRI, 85 - 1 DR AT Sk A0 B v 0 A PR A S B 5 | S T T0) R ] A K V78 Al S B A8 ) S IR AIE | FLRR i
FeExS B 4 e UK VAR A BAT B E T

B 5 SR K SO A AT LA BRI AR Ak R OGRS 30T T BRAR T AR v ik AP AR SO AR
ARG W R T AR AR I R A VD RV RIS 25 60 AFE R I W T
P22 My S5 1 X H RS B (1957—1978 ,1979—2003 ) Ja] i [X. [] 442 245§ 7 B2 30] ¥k 7K S0 401 42 Ji] 252 37 B,
(AR AR 4k | o B T AE e AU (AR TR ) W62 24 209%—45% | TEARAFUY (TR /03 &2 it 5091
B g i B SR A S BRI, (R LA R B bR B SR T A
10X B TR AR IR e P A it o AR B 0 R S T (A5 3 T LU A AR A LB R
Gao 5 H A2 i SERBHE 35 s It s b T Ak B, &30 1955—2010 4F 9 A] , b &8 DX 85118 SR 49 U 8
KA K R R R (-0.0299 mm/a) , R TR IX SR A TR BT (-0.00467 mm/a) , T 8 AN
(M KK A B AR DRI, R TR A K U AR A 3 B R 1 A b, BRAR IR RN A D
O, T B R 20K SCER | 4T 20 SR Y K VAR AL RRAE

B SR IR T 56 R AR UK VAR AR ST A PRSP Co DA R S TP B AR S B VD B
ARACSE S BERIF K AT RARRAE AR 7K A PR it BAE B i35 AR T AR S vb it 0l T 1 3 VD /K i & A 4
P Rustomiji HF (HF 78 F W 1950—2000 H] 1] 2 - w8 J5 R 3 A0 AR 0 2% 18 17K VD 26 FR i R AR fh g
NI EARRE TR R A S AR A T B vb it B KRR B I BRAIR' ™ . Gao SFXFHL T 1950—1999 Fil
2000 4F DA 5 B 4 e B 7 A4S S S AR VD 30 AR 0GR AR A IA R K A R AR it R R B A bR R TR I 2
REAR TARTEA =V RE ST W59 T KRB /- M K W36 R Zheng R0 T 1950—1995 1 i) A [r) 43 [1] ( 71y
DX /NG SR 35 ) AT ) (O A SR A ) RUBE K U0 56 3R, 2 LR AR W 8 A1 1 A8 3 - 0 56 2 M L1 o
Bk MAFR TR - Z M R Y Zhang SR 5E W], AR SR B2 T AS R Bsf 0] RO B A7k Vb 2%
B ST AT S TR KRR, Gao %5 RGEMFIT B 4 w85 5 F E 4l 1950—2014 fK VD6 &
AL, S5 SRR W] 2000 AF Z BRI ARG -Hn 10 ¥ R BT B LAE R TR BUK I I 4 mT DUBHF AR H R
JE LK TP 2 L H 2000 4F 2 5, 48 -4 V0 22 0] (AR G 1 W S 0 55, ¥ LA FH f 2 4 pRBIOG BR R iE )
i, B S KD O R AEAN R B (FEUERA K H AR FFLR G IR B R PR ARIE RS I ) FAS ] B i) R
JECAE A L H ) B B S A0 OB | T /K V0 0 2R 07 S T B A2 AR K B S R D

http ; //www.ecologica.cn



14 TY A e RO oK Y AT S O 5

2 wEKTHIFESS T

TSV AR A S (R 28 B N RIS . NG sh A Ak, AT sh B i 3 LR 0 e il o T2
I it R A 7 A T EOK S TV P I AR SR T A% A i ) S ) e 9 7 U A S T, AR AR Ak
S IR SCHEIR R G5, LIRS AKR SRk F2 B R AEIE 20 A AR AR X AR i W B | b 3oy A J 3 VD RE ke
EEEAEH, RRARIE T 75 R, B N A 2E 3 2 BR AR ST o0 Bt A S K SOl 55
051 5 e X A S A A AR A3 Bh 3 i Sk A i A AL B2 i B X TR R TGS R R A A 2N R
S LIAE— R 2 30 e sl 53 A0 SOK SCROR 0 i AT IH B8 . B Se i o Bl ok A 8T sl s m
/U R v T A N R R A AR e S AR TR VD A e O R X TR NI B e A A A e v e O 5 SO AR
FEiE A5 AR VB AE AR VA P AT, A sk 2R B0 7R3 T K i S 5 R A Budyko {35, 38 1o 42 % A A K RN s 1
FREBUR TR R B, B K RN ZR R A8 A S B0 AR I AR Tl e ARl K A R A o A AR A X AR TR R
Wi, 33K SOREARL I K SCREAY S T HLAR S R SRAE L RN g Vst , 384 XoF e AT NS0 sl 2 w390 10 S0 48 3 i
Ui 55 T AR A L v i 25 (R 3 B N 20 sl 5 e U ) 45 PR 3 X i Sk U s R 1ok H i fR
KIG s 5 TRk A BT vk . B m R UK AR A H TR TR E AT IR 2SR S
K2 R0 AT DTk o3 B IR T A B L ARG IE

X PR AR A IR, AR FT 3530 R FE 2000 4F 2 7, 7K - AR it 5 | 762 A0 37 3 26 7 26 A8 Ak X 42 i
U/ B TR R T A AR B R T 281 B 2000 4R 2 JE AR R B AR A BRI, B Sh A A
AR BT RR R AEAE R 23 (] 5 B, 0 DX SN TR s DTk K TR B X3k, Zhao 55K H Budyko 15
LA [ 5 243 7 8+ B 18 A EZE L 1950—2010 AR AR T AR Ak i1 B2 I D 45 SR e S e i
A2 345 0 R0 I YT 37 AR 3 AR AR %) 2 B SR T L 2 97 AR A R s th ARG B 5 LAY, K R R TR
KR TR BRI W A2 0 5 PR AR A B R | Liang %2R 3T Budyko HE SR A HLPE 22 BOR 7
MRS B T SRR R AR SR B T B b R 14 S BRI 1961—2009 ] 4EAR I AR Ak 1 TR, 45
R B T2 I i 1 B R A SR AR R /N, BTk R 350 68% 1 329% , i HLA= AWk &2
SXoF B - DS DX 3 A T A T B4R R 8 T S G, o S DX 3 AR 97 A T ko A A A o 7 B R AR L Gao S
ST ME R BRI T R 14 S FERR AR AR IR DA R T 56 AR A R v DR AR R
A DR R TR G AR R VR PR T A 28 UK, A AR T, -+ b g A S A AL T i VE R AS IR AH
], 3 R 6 A 10 A dte 3 FAE A, SR AR AE 3 AN U E BN 7E | T E R i A [
Wu %52k H 8 AN [FIJE R T Budyko BAY FFRE T8 5 i 17 A F 2k 1961—2013 RIS ATEHETRIIAR i
SR A PR 43 BT, 225 5 e ST AN TR 48 3 2 F XoF o8 T 7 ARk 22 v IR TE 28 %, 8 4 Budyko AR5
TR A 7 AR AL TR 8 b — 35, (AR U AR i 9 U B 0 B 285 SRAF AR B R AR 5, N2 gl U AR i i 20 19
FEF (TR 73% ) BRI AR om0 i ME R T AZEE 30 Wu SR G T
LG Bk R BRSO R A5y P b A T AR T AR AR VA DR A3 M A I i, I DA B - e SR A B T 3 3 52 401, b
BT 3 AR R STk > FIAE R R AR BT R R 46.1%—60.8% (CFIIME N 54.1%) , NIETE Y
TR K 39.1%—53.9% (V-3 R 45.9% ) , $1: ZRECRI/K SCBEARS 3 (14 25 R b — B, M 10 Ge i 7 vk A7
TR BT, N ERBFFE AT LUE 1, AN 5 215 20 A9 A58 A RN A 26 3l 6 428 378 28 A ) BTk i 4%
FIEA— 3 82T 43 A 2K SO AT DUR A8 78 S A8 Ak A K 2 46 T 483 1T A% e 28 %o 3K S R Y 52
Wi AL 5 B 25 43 SRRAE

XAV AR R SR, 3 DA A A 29 sl 9 T kR I B K TS ARk, 2000 4 2 mi K AR R T R4 it
(AR 12 D% b 200 ) 2 i 0 U/ (9 2 B DR R T R K A it 3% 4T A R 2000 AT 22 i TP R AR R
Feng 25| 1] WATEM/SEDEM #5RIAF 58 1 ¥ 4 w3 B/ N daldin V0 X6 = o AR FH S Ak i mi 2 ML, A A SR BF S AR B
SRSt 3 5 A b T R D 2 S U B IR Y R IR I Gao S TR -V G AR AL T T 8 4

http ; //www.ecologica.cn



6 JAE = 40 %

Ji 15 A FEE IR 1961—2011 W1V I8 IR DR, 45 53R B, M ZRAE DX H v ik i DTSR K T 70% , BERN 1Y
TTHRFR/INT 30% , 45 312 2000 4 LUK, ZEAE VK &2 Rk R4 TRERS 23 S VE R, o 36 78 55 ST mk R 3r
90% , + BB X AR VD Bk A 3R Sh AR B[] A7 A < IEIPERRAE " Y Yang 536 T 0 ik i 4 SR 3%
A AR VR A2 RS P Ko 4 3 D o B Vs D A SR 66.3% , ARSI N 9.1%') . Wang 55 &
Ji& T T Ue v E S IR W A i R T A R R S R & 60 ARV i Tk i, R 58%
BB v el /D 2 F S R T RIS R Y, FEVR & P2 VD RE T (30% ) FIRE K (12% ) WO BTk, U2 6 HH 55 T RE 4
it 1970 4EAXZE 1990 AFACHE A & ™= Vs D i B (5 54% ,2000 4F LK, Bl 2 1R #HF0 Ras 5 TR 1)
SR, AR O AR A EE ST & 57%' ., Zhao ZER A 6 FhOR A A 2 (LR IR SRR
2k e vbfE 45 S F 2 M U b LT AL ) 5 ¥ | Sediment Delivery Distributed ( SEDD) 45 %I fil Soil Water
Assessment Tool (SWAT) #5571 ) 433 T A\ JSIE Sl A AR AL X 85 4 v I S w3 ) i3t 25 60 A4 Vi /D 11 BTk
OB RIINKTE SN TTIRE R 93.6%+4.1% , SARAZ I TIRRAEN 6.4%+4.1% , BREAE RIH SN 4 FL A0 7
PR R IAR—FY ) Zhang 55 & e T LT 0ok 22 BCRHS 0 3 8U VD AR AR IR DR 4307 7 s, 4380 T B
TETEZE UL A F B R XA T S D 28 AR ) BTkt , DOK AR FF TR LR B iR BT (1980—1999) 23R #f b
MR RS 1] (2000—2014) |, AR R S X2 i/ ) TR £ A 55%38 N2 75% , X v /0 1 STk £ D 63 %
BN E 81% , HEWER B HE WG T2 8 B R K VD0 ) = TR DRI ST 24— SR WS Bl 2 i v o >
=B R R A A DA b 30 2K e TR it LA B K e gt a4 45 DR 7 X i v AR b i) AR 52 ) B
FATXE LAER AL

3 BRI ENIREHHLE

B U 2 60 A LAY AR AL AR F 2 R T A 24 DR 0 D s AR AR, 8 7 2 3 A R A 8 0 ) %
—2 A BRIV 1 P TR 28 B TR 24 AR 43t ol 40 I8 2 484, 3 i 45 g A2 Ak ox AR TR A2 ik e A g VR T A
B B SRR OC R R B A A AR R RRAE . FERRMER (1970 AR ZE0) , FERT 5 AR 1 [
AR T EL VAL e T S AR A U O AR R T AR M AR AR, 1H 2000 4R 2 BERT - R A TP G
F AV, HLAS RS R R R AR AR AR Y R S A (AR B SR AR i VD AR A i F P (L
TR Jay R ) o 2% T 0 A 0] 8 v I AR i A v B ) T LK b O3 TR AR S 1t i A5
I G U0 1 A T (B S B 0 — 2B B AR T A o A R A R R B AR O /s L 3fe [l
( partial least squares regression, PLSR) 1Rl 152 M A2 i V0 AR o R K, 45 2R R 3K sl = i i) 2 5 B
T A K R AT K R AR R R K B R R K (H R K B> 25 mm) R KRR 4 41
R RS, R Sl 7 Vb Y 32 T PR TS A e R R B K it R K i ( H K B> 25 mm) ARl PR K B A SR
KBRS K RAC B AR RS, A AR A5 R Y 1 5 5 AR 2 B 4 S i UK 25 AL i) &
TR

N1 gy 3 B i R T A R T K S R A R ATETSE R B 1K R T
T it R B Pk S T K Y AR A B S AL . Xin ZEROIFE R I IR BHA AR () TR SRt o o 57
R ORI OC R, TR o A U — AL 48 B b T 0™ 0 i R R SRR bR () X 3t 8™ v vk 2 B AT
FEAMERCY KI5 S5 2 B MO B 1 1 55 38 ko 15 it 8 b 2 8D B Sk K TR B K Y A%
Tttt b ) /B R A I AR R A S e ELAT 21 1, EL AR w5 S XA R ) 9V LS sop i
Y Liang 55 & S 3 FRAE S AU A 25 £ TR FRTET AR L ) SRR MRS, I BURRAE S AU KRG T
A A5 A U S B ™ i BE T T B T HL 60—80 AR I it 5 T B S8 X R IF AR (BB A I
(] A RS L AE 90 A7 AR LA 3 T it % 370 SRR AR A5 b (0 9K 3 A P A6 s ™ . Wang 45 (W58 22 B3, BT
IR SE 1) A ) R TR 25 220 it s [ 40 P B0 i v i 42 ) 300 1 A ZRIE Bh g i Z AT A AR BT Gao 4578 1
SyHT T M AT 55 R AT K VD S (R S A SR AR, & B A B R AR K Y 0 ) IR B A 7S ) B A A Y

http ; //www.ecologica.cn



14 TY A e RO oK Y AT S O 7

R AL AR AR AP AR I A E 7 VD AR O B v 1 5 O e R 2 A v T AR L (A AR R R G
F 12020 Shao AFIM LA AL & L, 2000 AF LI B + i IR ZE BUR N 3R 4.39 mm/a, HEBEFE /K i34 fin 3
RN 4.9 mm/a, P SRAR TR B SCHER 71 SRERALE i i b AR B R BCR I, o+ e R R
VDD AR A U R B R (I [V P A 5 2R AR IR O 3 B ok B0 A8 Tt A D /D i 0>, T 9 b 391 45 T 7
it 3 SO KD O Z AR DR v [ s b B 0T A el U 14 7 R 24 i A 2SR R it ) TR S A, {H
WK TTRRTE — 2 T R EL B (20 50% ) SAFFEBIE . RaRBFse i, S mi s + m SR sk Vb AR 1k i)
BT AT PR - 2 D TR R it Aok 0 R et A4 A A A O T AR [ I B A S AR 1% A R A SR
PEALTC B, PP TR AR RIS 8 it S VAN Ul 1) A 285K SR g e K AL FL AR o

T T T A5 RO 5 R A SOUAS R AR A X oK Y BT S, XA R R W SORR AL
TR Vb i 2 VAR OC o SOUL 2 BE P AH DG 1Y 48 £l an 75 Ak 2 61 45 %X ( Shannon Diversity Index) Fl
VAR ZAEPEHE £ (Simpson Diversity Index ) 45 72 It 52 % 0 3 1EAH G, T U8 V0 {0 5 £ 4E JiF 45 %1 ( Contagion
Index) FEHLEE S JE (Patch Cohesion Index) EREAMED . Tian 85 K IVEREEFE B0 (Index of Connectivity )
F7K FEFE KX ( Reservoir Index ) Y55 It 3l A% 3 A8 AR B A7 A0 A g ) A S i L = 3tb 1) i 28 A6 X A28 T B9 52 W) 7
FEESRTHUE ALY Zhou M Li ZET H IR0k A9 “ JR-T0 7 G, &R T 35 B -7k SC 7 2R 7G5 WA %5 ( Slope-
HRUs landscape index) KAE = E?Ebﬁbﬁﬁébﬁ%@/}t"ﬂc,#Eﬂ(ﬂ(ﬁjﬁﬁ%ﬂﬁﬁ%@ﬁﬁm o

4 MREE

R 8l AT B ARk (o st R AR A K PR TR R S 1 ) 2 3 L i Dt ok 7
ARAC Y BN R ST ShARR AR F IR 2 BOR UK S . AR UL, I 1949—2010 45, B g o3k i &5 5 ¢
VA EIAR DG EEBOR 19 A, IRERE A0l 2 K3 /NRUREE A R SRR BFE MR AE . MOCECR M N
(A5 b i R TR S8 i A 2R Tl 202 Ak, 8 v SO K U AR R Y 22 T 2 R RN, ST AR Y K TR B
BT TR B e S R K BRI R S 25 T B S2 A S R B R SRR LSRR R R
MO MR B R SR X ZE A A AR 2K (2010—2030 41 ) |, B o 8 J R A 1A 6 4 52 S il AR 114 A 5 A
BETRE, R, DLARBRAZE 5 AR i i) AR AR A, R A S K S 4, 2k — 28 Tl 1 ok S e
Ry 2 AR HERE

BT B SR B b UK AR A R s AL BRI AR 5 v A ST A5 5 T BT, B S O A
NI (1) WK VAR AE AR AE S B B 2 R R S8R 0 3L B K 5 7 ) I 2 RO R A e ) /K b 5
FARRNENFIE A E BEOTHT , Azt fa 8 /K UG B ALRRIE S AL o B AR (R K VDS A B E AR T 1)
AR s MR KU S BB (2) K TP AR e AL 09 22 BER LR S b . INSRAE BRI | TR 1
it M 1 59 A B PR 7 AR AR A L B NS0 Bl B R Bl (42 28 R AR S BEOR) MK TR
M) 4 7 0 ST MR MRS 25 M8 TR WIS, ke R 5 26 2 0 50 2850 R A 78 1 ) I A2 - YD S 7Y 48 78 A 25K
5KV AR REE LS (3) ASKIK YD S A SR S A ST, B B e U 2 TR 4
UORETT BB T R, 70 B g R — 1 TR AR AR 25 2R G XA AR AR5 e R Tl ek i e v ek B AT
SO AVER, BRI, i T AR AU A AL 2 U R R AR S B T AR 3 R /KD Sy e H wiil
DTS S B e A AR SR A TR BEANK B IR B BT K VDA LR SR I

£ 3L Hf ( References)

[ 1] MilyP CD, Dunne K A, Vecchia A V. Global pattern of trends in streamflow and water availability in a changing climate. Nature, 2005, 438
(7066) : 347-350.

[ 2] Syvitski J P M, Vorosmarty C J, Kettner A J, Green P. Impact of humans on the flux of terrestrial sediment to the global coastal ocean. Science,
2005, 308(5720) . 376-380.

[ 3] Kauppi P E, Ausubel J H, Fang J Y, Mather A S, Sedjo R A, Waggoner P E. Returning forests analyzed with the forest identity. Proceedings of
the National Academy of Sciences of the United States of America, 2006, 103(46) . 17574-17579.

http ; //www.ecologica.cn



8 G 40 %

[ 4] Sivapalan M, Kumar P, Harris D. Nonlinear propagation of multi-scale dynamics through hydrologic subsystems. Advances in Water Resources,
2001, 24(9/10) : 935-940.

[ 5] Vercruysse K, Grabowski R C, Rickson R J. Suspended sediment transport dynamics in rivers: Multi-scale drivers of temporal variation. Earth-
Science Reviews, 2017, 166, 38-52.

[ 6] Milliman J D, Farnsworth K L, Jones P D, Xu K H, Smith L. C. Climatic and anthropogenic factors affecting river discharge to the global ocean,
1951-2000. Global and Planetary Change, 2008, 62(3/4) . 187-194.

[ 7] Cohen S, Kettner A J, Syvitski ] P M. Global suspended sediment and water discharge dynamics between 1960 and 2010 Continental trends and
intra-basin sensitivity. Global and Planetary Change, 2014, 115, 44-58.

[ 8] WangH]J, Yang Z S, Saito Y, Liu J P, Sun X X, Wang Y. Stepwise decreases of the Huanghe ( Yellow River) sediment load ( 1950-2005) .

[9]
[10]

[11]
[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

impacts of climate change and human activities. Global and Planetary Change, 2007, 57(3/4) . 331-354.

WESCZ, REAE, BRI BETITRK YR AT ST, FRIN . BRI AL, 2011.

FuBJ, Wang S, Liu Y, Liu J B, Liang W, Miao C Y. Hydrogeomorphic ecosystem responses to natural and anthropogenic changes in the Loess
Plateau of China. Annual Review of Earth and Planetary Sciences, 2017, 45. 223-243.

Chen Y P, Wang K B, Lin Y S, Shi W Y, Song Y, He X H. Balancing green and grain trade. Nature Geoscience, 2015, 8(10) : 739-741.
Feng X M, Fu B J, Piao S L, Wang S, Ciais P, Zeng ZZ, Lii Y H, Zeng Y, Li Y, Jiang X H, Wu B F. Revegetation in China’s Loess Plateau is
approaching sustainable water resource limits. Nature Climate Change, 2016, 6(11) : 1019-1022.

Zhang B Q, He C S, Burnham M, Zhang L. H. Evaluating the coupling effects of climate aridity and vegetation restoration on soil erosion over the
Loess Plateau in China. Science of the Total Environment, 2016, 539. 436-449.

Miao C Y, Sun Q H, Duan Q Y, Wang Y F. Joint analysis of changes in temperature and precipitation on the Loess Plateau during the period 1961-
2011. Climate Dynamics, 2016, 47(9/10) ; 3221-3234.

PR, e, SRokLr, 2R, 28 i P s K U ASEm s . et BeE L, 2012

Wang S, Fu B J, Piao S L, Lii Y H, Ciais P, Feng X M, Wang Y F. Reduced sediment transport in the Yellow River due to anthropogenic
changes. Nature Geoscience, 2016, 9(1) : 38-41.

Zhang X P, Zhang L, Zhao J, Rustomji P, Hairsine P. Responses of streamflow to changes in climate and land use/cover in the Loess Plateau,
China. Water Resources Research, 2008, 44(7) : W00AO07, doi: 10.1029/2007WR006711.

Rustomji P, Zhang X P, Hairsine P B, Zhang L., Zhao J. River sediment load and concentration responses to changes in hydrology and catchment
management in the Loess Plateau region of China. Water Resources Research, 2008, 44(7) : WO0A04, doi: 10.1029/2007WR006656.

Zhao G J, Mu X M, JiaoJ Y, An Z F, Klik A, Wang F, Jiao F, Yue X L, Gao P, Sun W Y. Evidence and causes of spatiotemporal changes in
runoff and sediment yield on the Chinese Loess Plateau. Land Degradation & Development, 2017, 28(2) : 579-590.

Zheng HY, Miao C Y, WuJ W, Lei X H, Liao W H, Li H. Temporal and spatial variations in water discharge and sediment load on the Loess
Plateau, China: a high-density study. Science of the Total Environment, 2019, 666. 875-886.

Gao G Y, Zhang J J, Liu Y, Ning Z, Fu B J, Sivapalan M. Spatio-temporal patterns of the effects of precipitation variability and land use/cover
changes on long-term changes in sediment yield in the Loess Plateau, China. Hydrology and Earth System Sciences, 2017, 21(9) : 4363-4378.
Gao G Y, Ma Y, Fu B J. Multi-temporal scale changes of streamflow and sediment load in a loess hilly watershed of China. Hydrological Processes,
2016, 30(3): 365-382.

Gao G Y, Fu B J, Wang S, Liang W, Jiang X H. Determining the hydrological responses to climate variability and land use/cover change in the
Loess Plateau with the Budyko framework. Science of the Total Environment, 2016, 557-558; 331-342.

Gao Z L, Zhang L, Zhang X P, Cheng L, Potter N, Cowan T, Cai W J. Long-term streamflow trends in the middle reaches of the Yellow River
Basin: detecting drivers of change. Hydrological Processes, 2016, 30(9) . 1315-1329.

Mu X M, Zhang L., McVicar T R, Chille B, Gao P. Analysis of the impact of conservation measures on stream flow regime in catchments of the
Loess Plateau, China. Hydrological Processes, 2007, 21(16) : 2124-2134.

Wu J] W, Miao C Y, Duan Q Y, Lei X H, Li X Y, Li H. Dynamics and attributions of baseflow in the semiarid Loess Plateau. Journal of
Geophysical Research: Atmospheres, 2019, 124(7) . 3684-3701.

Gao Z L, Zhang L., Cheng L, Zhang X P, Cowan T, Cai W J, Brutsaert W. Groundwater storage trends in the Loess Plateau of China estimated
from streamflow records. Journal of Hydrology, 2015, 530 281-290.

VR NS B0l 80T il i 2 UK S HBRL | 2002, 22(3) : 294-299.

PR VR, BT, 8 b SR X R VKR A A AR s (0] 4y S B IR R R BE3ERE , 2008, 19(2) ¢ 160-170.

GaoZ L, Fu YL, Li Y H, Liu J X, Chen N, Zhang X P. Trends of streamflow, sediment load and their dynamic relation for the catchments in the
middle reaches of the Yellow River over the past five decades. Hydrology and Earth System Sciences, 2012, 16(9) ; 3219-3231.

Zheng M G, Yang ] S, Qi D L, Sun L Y, Cai Q G. Flow-sediment relationship as functions of spatial and temporal scales in hilly areas of the
Chinese Loess Plateau. CATENA, 2012, 98 29-40.

Zhang J J, Zhang X P, Li R, Chen L L, Lin P F. Did streamflow or suspended sediment concentration changes reduce sediment load in the middle
reaches of the Yellow River? Journal of Hydrology, 2017, 546. 357-369.

Gao GY, FuBJ, Zhang J J, Ma Y, Sivapalan M. Multiscale temporal variability of flow-sediment relationships during the 1950s-2014 in the Loess

http ; //www.ecologica.cn



134

TE . R REREOK AL 5T R 9

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]
[48]

[49]

[50]

[51]
[52]

[53]

[54]

[55]

[56]

[57]
[58]

Plateau, China. Journal of Hydrology, 2018, 563 609-619.

Dey P, Mishra A. Separating the impacts of climate change and human activities on streamflow: a review of methodologies and critical assumptions.
Journal of Hydrology, 2017, 548. 278-290.

Wang X X. Advances in separating effects of climate variability and human activity on stream discharge; an overview. Advances in Water Resources,
2014, 71. 209-218.

Zhang L, Cheng L, Chiew F, Fu B J. Understanding the impacts of climate and land use change on water yield. Current Opinion in Environmental
Sustainability, 2018, 33: 167-174.

Zhao G J, Tian P, Mu X M, Jiao J Y, Wang I, Gao P. Quantifying the impact of climate variability and human activities on streamflow in the
middle reaches of the Yellow River basin, China. Journal of Hydrology, 2014, 519 387-398.

Liang W, Bai D, Wang F Y, FuBJ, Yan J P, Wang S, Yang Y T, Long D, Feng M Q. Quantifying the impacts of climate change and ecological
restoration on streamflow changes based on a Budyko hydrological model in China’s Loess Plateau. Water Resources Research, 2015, 51(8) .
6500-6519.

Wu J W, Miao C Y, Wang Y M, Duan Q Y, Zhang X M. Contribution analysis of the long-term changes in seasonal runoff on the Loess Plateau,
China, using eight Budyko-based methods. Journal of Hydrology, 2017, 545 263-275.

WuJ W, Miao C Y, Zhang X M, Yang T T, Duan Q Y. Detecting the quantitative hydrological response to changes in climate and human activities.
Science of the Total Environment, 2017, 586 328-337.

XEHE, AR AR DB, bt BF R, 2016.

Feng X M, Wang Y F, Chen L. D, Fu B J, Bai G S. Modeling soil erosion and its response to land-use change in hilly catchments of the Chinese
Loess Plateau. Geomorphology, 2010, 118(3/4) . 239-248.

Yang X N, Sun W Y, Li P F, Mu X M, Gao P, Zhao G J. Reduced sediment transport in the Chinese Loess Plateau due to climate change and
human activities. Science of the Total Environment, 2018, 642 591-600.

Zhao G J, Mu X M, Jiao J Y, Gao P, Sun W Y, Li E H, Wei Y H, Huang J C. Assessing response of sediment load variation to climate change
and human activities with six different approaches. Science of the Total Environment, 2018, 639 773-784.

Zhang J J, Gao G Y, Fu B J, Zhang L. Explanation of climate and human impacts on sediment discharge change in Darwinian hydrology : derivation
of a differential equation. Journal of Hydrology, 2018 559 827-834.

Zhang J J, Gao G Y, Fu B J, Gupta H V. Formulating an elasticity approach to quantify the effects of climate variability and ecological restoration
on sediment discharge change in the Loess Plateau, China. Water Resources Research, 2019, 55(11) ; 9604-9622.

SRR, BT K DA AR LR S A P AT, dbat. o ERRE B A IR RS L, 2018,

Zhang B Q, Zhao X N, Jin ] M, Wu P T. Development and evaluation of a physically based multiscalar drought index: the Standardized Moisture
Anomaly Index. Journal of Geophysical Research: Atmospheres, 2015, 120(22): 11575-11588.

Zhang B Q, He C S. A modified water demand estimation method for drought identification over arid and semiarid regions. Agricultural and Forest
Meteorology, 2016, 230-231. 58-66.

Xin Z B, Yu X X, Lu X X. Factors controlling sediment yield in China's Loess Plateau. Earth Surface Processes and Landforms, 2011, 36(6) .
816-826.

SRR, ESCHE, AR, RUER. B PR TR AR DR e R B A AR TR T RN . K2R, 2009, 40(6) : 641-650.
Shao R, Zhang B Q, Su T X, Long B, Cheng L Y, Xue Y Y, Yang W J. Estimating the increase in regional evaporative water consumption as a
result of vegetation restoration over the Loess Plateau, China. Journal of Geophysical Research: Atmospheres, 2019, 124(22) . 11783-11802.
X, Z=diat, 2508, JREREN, ARIEDR, WimAR. BT R AL/ B A0 W R LA SRy 5 K U B C R WFRE. A=A A4, 2016, 36
(18): 5691-5700.

Tian X J, Zhao G J, Mu X M, Zhang P F, Tian P, Gao P, Sun W Y. Hydrologic alteration and possible underlying causes in the Wuding River,
China. Science of the Total Environment, 2019, 693 133556.

Zhou Z X, Li J. The correlation analysis on the landscape pattern index and hydrological processes in the Yanhe watershed, China. Journal of
Hydrology, 2015, 524. 417-426.

Wang S, Fu B J, Liang W, Liu Y, Wang Y F. Driving forces of changes in the water and sediment relationship in the Yellow River. Science of the
Total Environment, 2017, 576. 453-461.

TER, WM. BRI A IESE. AN . BRUKHR] di R, 2002.

BXR, R26, @, P2 B S EUK YRS . JEET . BhEm AL, 2019,

http ; //www.ecologica.cn



