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Abstract ; In the past 50 years, the sediment yields of the Loess Plateau have changed significantly, due to both natural and
human factors. This study analyzes the temporal and spatial variability of sediment yields of the Loess Plateau, and
estimates the effect of precipitation variability on sediment yield using the annual sediment yield. Data were collected from
115 hydrological and 276 meteorological stations. The 10 main tributaries of Middle Yellow River show that the annual
sediment discharge has decrease over the past 50 years, especially since 1980s. Two periods were compared: one prior to
the implementation of soil conservation methods (1956 — 1969 ), and one post-implementation ( 1970 — 1989 ). The
sediment yield decreased by 44.3% ; there are also significant spatial differences between the periods. The most significant
decrease was observed the Middle and Lower Wudinghe River, and in the north central Shanxi Province, where sediment
yield decreased by more than 40%. A similar pattern of decline was evident for precipitation records; therefore,
precipitation variation might play an important role in the decrease in the sediment mobilization from the landscape, and
hence, the decrease in sediment yields. However, human activities such as soil conservation and water diversion
contributed significantly more to this decline in the sediment yield than the precipitation. It is estimated that 61% —90% of

the decrease in sediment yield can be attributed to human activities.
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Fig.1 The Loess Plateau of China meteorological stations (a) and hydrological stations (b)
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AR (1) .
&1 1956 ~2005 FEAPFEFEXRADEBTUEEINE
Table 1 Variation tendency and stages of sediment discharge of the middle Yellow River in the period 1956 ~ 2005

il Basin® Pearson HK R %L Spearman AH 3¢ 74X (LIPS i F4F-4} Critical year
£ Hy)!| Huangfuchuan River -0.425** -0.478** -0.379** 1979
P Kuyehe River —0.445** -0.466 ** —0.447 ** 1979
¥37 Fenhe River -0.645** -0.804** -0.619** 1971
Jo & Wudinghe River -0.582" -0.562"* -0.517** 1971
%W Jinghe River -0.304* -0.261 -0.267 1979
ZEW] Yanhe River -0.323* -0.308* -0.214 1979
b33 Beiluohe River -0.304* -0.341* -0.254 1979
I3 Qinhe River -0.629** -0.653** -0.641** 1971
B Weihe River -0.439** -0.446** -0.367** 1979
B Yiluohe River -0.579** -0.810** -0.389** 1979

HIK R %L Correlation coefficient; * * F/RAEREUE 1T 0. 01 12 F MK KL Correlation is significant at the 0. 01 level; * FRAHEREL
it 0.05 155 MK A Correlation is significant at the 0. 05 level; DT [F] the same below

2.2 b EAUEZRFE

MAEAREE _EX B i 10 RSO B TR, i h i B2 B TREES (£ 2),
20 tit42 60 AEAXH 70 AR B0 R 0 IEE, BWHEFRMPRERWZ , 25 3 M RmY R
FREBE M/ TR AT BT I BRI 40 1956 ~ 1979 EAHXS E VAN 1980 ~2005 FARXT V04,
Al — i B RH F b RS 43. 6% , )5 — MY &5 ¥ M R 40. 2% , 5 HTHIHE Ho i 2 ik

55.3%,

F2 1956 ~2005 FEAMPFEETETREIDEHNEFRITR
Table 2 Abnormal percentages of decadal sediment discharge of the middle Yellow River in the period 1956 ~ 2005

38, Basin 1960 ~1969 1970 ~1979 1980 ~1989 1990 ~1999 2000 ~2005 1956 ~1979 1980 ~2005 1980 ~2005 *
)l 12.2 39.1 -4.8 -43.3 -73.4 38.4 -35.4 -53.3
T B 31.2 54.9 -25.7 -28.3 -91.3 45.3 -41.8 -60.0
ST} 79.9 -0.1 -76.5 -83.5 -97.8 91.1 -84.1 -91.7
TosEw 59.8 -0.7 -54.9 -28.0 -63.3 50.4 -46.5 -64.4
b 14.3 9.7 -21.3 0.2 -41.7 19.2 -17.7 -30.9
SR 37.8 1.5 -30.8 -7.1 -43.0 26.6 -24.5 -40.4
Jtm 28.3 11.2 -37.0 11.3 -56.5 24.9 -23.0 -38.3
IO 68.8 -5.4 -41.8 -79.0 -70.7 68.0 -62.8 -71.8
e 28.0 12.7 -19.1 -18.9 -47.2 27.6 -25.5 -41.6
B 66.4 -36.7 -18.4 -91.5 -90.7 68.5 -63.2 -78.2
SHME 39.5 9.8 -29.9 -34.8 -66.6 43.6 -40.2 -55.3

% 1980 ~2005 * J& 5 1956 ~ 1979 4EAHLLIBE - 43 3 2 40, HB B N5 B4 P b & (1956 ~2005 4F) AHILIEE P # (%)  the
abnormal percentages of sediment yield is the decadal averaged sediment yield comparing with the averaged sediment yield of the period 1956 ~2005, except

the abnormal percentages of 1980 ~2005 * which comparing with the averaged sediment yield of the period 1956 ~1979

MBS B AL LBOR T, U0 & T AR BEAT 1 I 2 9 25 18] 23 A AL, B 3 R J 2R 09 9
MR TREREEARBVIREREE . MR T ROy B3 WP IO TR 3 45323, 78 1980 ~2005 4
WY BERTH B TRET 78.2% 77.8% Fi91.7% , EATAM: T3 L = R AR # X

3 SRR R =R

A 20 22 70 AR, B A R SRR MU STt 7 7K I8 3t 300 R TP L IR B s B S K A KR T
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Fig. 2 Spatial pattern of sediment yield of the Loess Plateau

a: Y4 P2 BT A2l = YD H5 J7) (1956 ~ 1969 4E)  The mean annual sediment yield during 1956 ~ 1969 ;b 34 32 J& i {2l = V)45 J5 (1970 ~ 1989
4E)  The mean sediment yield during 1970 ~ 1989
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Fig. 3 Temporal and spatial variation of sediment yield of the Loess Plateau
a: K TR S ERT B B S Y AR L 23 (A5 S5 Sediment yield variation between the period of 1956 ~ 1969 and 1970 ~ 1989 ;b 20 {42 70
HER S 80 AR I A MR Sediment yield variation between the 1970s and 1980s; (8 47 (= WIRas , 41 o Fm (=
5% The increased areas of the sediment yield to be showed by green color and the decreased areas to be showed by red color
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B, 5 R AR 84% , P VP BEU R [ 20% 40% F160% L (1143 B 72 4~ 45 A-.20 A, 25 B
B 63% \39% F1 17% , 1 RA 16% K)uk S b & 2k, 3+ B BT 40% ik s H oG Bk 5
3% .
3.4.2 KIRETEHEV AL

TE 1 AT B AR () S5 R U058 BE T o L 2 R D i BE e A8 R M T 1 T , % 8 R JRUK L AR RS i S e
A JE WIS VD AR AL 1T e B Gt #E Arc/Info [) Grid BEHR rpr | 4 70 B 1A 4 YDA B8 5 % e MB35 B R 2
EHmEAEN 1 ~6, iMALBERPHEFRER . K5, BEAR(4) BB R G 105E B F5R MmN
HAWSER B A% 7 I SR EE . Ban , i3 45 R v 31 FRon B ai i b B U 5% 0 5 IS i v, 62 J2 H BT &
RV NG R ERY . I TE T AR SRR R, X BRARB E R 5 2R m AR e 4t
PTG

SSY_Change = SSY jy x 10 + SSY -y (4)

FE 3 B vbas B RS AR M R A, B o SR R SR R i U 5 B DX IR AE 1) B YD V58 O I R R DR
FAEWFT RS BRI > 5000t/ (km’™ a) F X 35 B ST o5 6 ETAR A 29. 6% , M R Ja A o5 S TE ALK 16.5%
WD T 44.3% T [FIHE <5000 v/ (km™a) F X SR TETFRIE AN T 28.8% o Hr VDR BE Ak i BE AR ZUF N E S R
T R RTHAR D T 60% 1 79. 9% , M55 o BEFH A XI5 KT 28.8% 31.4% . K 3 Hik A LA
PR EZRTHA A S R U5 BE XI5 B 1) B LR B, B AR A B ZU AR VDo BE e A O R B IR AR
VTR A, 5 S A ELE S5 11.3% 44.6% 33.3%

®3 KEIREBWEELIBEFRRASRHE DV BENEBER
Table 3 Sediment yield change matrix in Chinese Loess Plateau from 1956 ~ 1969 to 1970 ~ 1989

J&i 3 Later period T L LLEE Percentage of area (% ) -~
N b
S HI £l e
. wE e kg omg o W i o Change rate
Code Earlier period . ) Very  Extremely . . .
Weak  Slight Moderate Intensive , . Earlier period Later period (%)
intensive 1ntensive
1 755 Weak 99 1 0 0 0 0 28.6 36.8 28.8
2 4R Slight 33.7 65.4 0.9 0 0 0 24.4 23.9 -2.0
3 H1EE Moderate 1.8 42.3 55.5 0.4 0 0 17.4 22.8 31.4
4 3REF Intensive 0 1.5 77.9 20 0.5 0 15.3 11.2 -26.6
5 1‘&3&‘&*&35?}3 0 0.9 6.5 58.9 31.5 2.2 11.6 4.7 -60.0
Very intensive
2 ) 5
6 EIJ““E“M. . 0 0 11.3 44.6 33.3 10.7 2.7 0.6 -79.9
Extremely intensive
<5000 t/(km?a) 70.4 83.5 18.6
>5000 t/(km*a) 29.6 16.5 -44.3

3.4.3 1970 ~ 1989 4 vbim A LG 11

X 20 42 70 F1 80 AR A Rl VD58 B SF R AR B BL AT T Geit, BT R B :80 SRR D3R B S5 )
Ty BE R R BE R ZUR B T AR S 70 AEAAH L3 IR T 31. 6% \74. 9% F1 67. 1% |, Tt 55 i v X Th1 AR Y
fnT 30.9% , HbEERL > 5000t/ (km™a) B X B4 SERTH 20. 2% , [RGB 10. 1% , 580 T 50% , T [EHA <
5000t/ (km™a) () XIS E AN T 12.7% ,
4 PEKTAITEDETHHIME

MK REMER SN EEH HREZ —, SR E SHEKEXREY T APl g &
T 10 4 FE L AR ER KR SRR RIEX R, £ IR T 1T K AL A 2808 shxt i b &
AL AT E BV
4.1 [T EA R 1 E B

¥ 267 vl IR BB TE Are/Info H ] IDW iy 4 X B AE R /K B 317 25 [A4E R )5, LA 10 4320
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AR ISR B R R, R BN TR AR O AE MK B o 7 SPSS Hh 5 o 1 14 AT I 0 4 R /K B A v B AR
B ARRNE AT R - BT Rl SO R VD B MK B 2 E) A7 7E S 38 ROAH S I BRI 22 5, AR G R 2R fE
it p <0.01 BEMERK (FKS)

x4 EBIBFE1970 ~1989 FREERHDBEHEBIER
Table 4 Sediment yield change matrix in Chinese Loess Plateau from 1970s to 1980s

80 4ER AL H Percentage of area (% ) I
iﬁf 70 4E4G Wi 1970s J5 1 1980s Change rate
N e 7R e SREE ARGREE RN Farlier period Later period (%)
1 55 Weak 97.8 2.2 0 0 0 0 33.0 43.2 30.9
2 ZPF Slight 42.7  54.5 2.8 0 0 0 24.8 23.4 -5.6
3 H1EE Moderate 1.5 36.4 58.3 3.8 0 22.0 23.4 6.4
4 HRJF Intensive 0 8.8 61.5 29.6 0.1 0 11.4 7.8 -31.6
5 ggfftensive 0 1.8 35.2 44.7 18.3 0 8.0 2.0 -75.0
6 ijfimely intensive 0 0 1.6 0 65.6 32.9 0.8 0.3 -62.5
<5000 t/(km?a) 79.8 89.9 12.7
>5000 t/(km®a) 20.2 10.1 -50.0
®5 BT ERRFEDETUBE
Table 5 impact of precipitation variation on sediment discharge in the middle Yellow River
[ AR
ﬁiﬁ HAE] ) R Precipitation change Human activities
Basin Reference period
SR ( x10%) TR (%) B ( x10%t)  TIERE(%)
2R 1956 ~ 1979 0.591 -0.106 31.8 -0.226 68.2
i ] 1956 ~ 1979 0.594 -0.160 20.3 -0.627 79.7
b itl] 1956 ~ 1971 0.698 -0.136 32.8 -0.278 67.2
ToE W 1956 ~ 1971 0.685 -0.399 27.5 -1.051 72.5
b 1956 ~ 1979 0.775 -0.330 37.8 -0.543 62.2
FE] 1956 ~ 1979 0.454 -0.076 32.2 -0.160 67.8
| a250) 1956 ~ 1979 0.580 -0.075 19.7 -0.307 80.3
VG 1956 ~ 1971 0.758 -0.019 26.4 -0.052 73.6
NEpT) 1956 ~ 1979 0.613 -0.698 38.6 -1.111 61.4
iinZS0) 1956 ~ 1979 0.713 -0.010 6.9 -0.133 93.1
14 Average 0.646 27.4 72.6

MR RE R F W NAER Y B 5 MK B 48 26 R %X, Correlation coefficient is the correlation between annual sediment yield and annual
precipitation in the base period; A J$1% 3, F B4 55 /K 8 357 % it 71 /K #] T #2, human activities, which mainly including soil-water conservation
measures and hydraulic engineering works; 54N the influence quantity ( x 10%t) , Fi#k % the contribution percentages (% )

H TR KRR Ok B HE R SR RS ME K977 1k 5 B ITO T Rk 2 A AT ST Sl i
b B AR B AR SRR E . PP SRR i TR 2R A A ARG 3h 92 8] 22 52, BUE R /K A2 AL A
N5 Bho% B e RS Rl SR i B AR X SR B A 7EAR R 225 o BEMAORTE , A2ETH 32 3T i v sl Y
ERF R, HARR SRR P38 72.6% ,7E 61.4% ~93.1% Z[8], T FFK FTRRE V225 27.4% .

4.2 BRI R R R

B R U D 58 BE A 2 AR AL R A B B AR BER A TE Sh L RIAE A5 2R, Mk i b M K9G 3 2 A
20 fth42 70 AR LR 3 L R R DI M E ARSI R o 3T 50a 3 1w SR K B AR 2L T Ml ¥, 3T rh iy
AT - 1D X ] LA B LG PP P T R et D S 3, Xt 5 () 0 3 v D b i B AR Al ) 25 ) A E A
ACHE 3a F14a) o ydB7n 8 v I v B A0 105 RIS ek Kk A Ao By 2 18] 56 2%, 1 TRV A1 B 380 FO g 7 AR
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VR, AR (5) AR (6) 4B HE B R L E 4%
SS 1 — SSY
SV

Rainfally, — Rainfall _,

SSY - Change = 100 (5)

Rainfall — Change =

: (6)
Rainfall 4,

#H, SSY — Change 2B M BRIV ZE I3 (% ) , SSY oy S BT P BBV (v (km™ ) ) , SSY oy
SR W B4 & (v (km™a) ) ;Rainfall - Change J2 BB BeFa K B 9725 36 (% ) , Rainfall gy, 52 57 3%
7K & (mm) , Rainfall _y, 2 5 B3-F 4R K & (mm)

MR 1956 ~ 1969 4 VM ELER/ N FE X R 43 100 S5473, SR 5 LAH R #E R AR BUAS [Rl 21k 7= 0 38 B R 7K
PRAT 5 Wi BB 1] i R K AR AL v A2 A 3 . 3 R R P AL dR s X v o BEAR /N E R Z W NI IX., E R 4
W7k B AR AL A v AR AL AR 5 R IR 8 BB (b B AR AR 6% ) , BRI , A BHEAECR 94 1~

M 4b AT, 5 R T B AR IR K AR A 2 I B B TE AR SE 56 &R, Rk ek A 8 i 2%, ] e i 0 0 2>
W B, —F e FEA BEN B, BNEREREMMZIZS. 17, dt iR, b wig 2
BREKE g B3 b 2K S . B ERIFEREEK LAREAREKX, B 70 F£RLSkR#HET T
KA 7K P IR S KR K R B AR, R BRI BT APFR R K LIRS — 23
70 AEAR AR # - 780 SR A VD O T BEOR B R R, 8 B Hh A e X 1A K AR R o 309 5 KRR AR
T =PI F -5 K s I VR L 7E 25 18] B R — 30, (R, 1) 4b B TE AL & T AR TE shxt i vb5i
BERIR

P

a 20 - b

@ Hi4 Name of site
,,,,,,,,, A River

b 4L Change (%)
£
T

-60 - y=517x+13.79
o R?=0.6967 n=94 p<0.001
-80 | | | ! | ! J
» -6 -14 -2 <10 -8 -6 -4 2
kAL (mm) e
The variation of precipitation F%ﬂ(ﬁﬂ{ﬂ:ﬁ .
B . The variation of precipitation (%)
~~~~~~~~~~~ biii

~-80 -60 -40 -30-20 -10 0 10 2

B4 3 RRK A R SRR R
Fig.4 Relationship between the variation of precipitation and sediment yield

(a) Temporal and spatial variation of precipitation and (b) the relationship between the variation of precipitation and sediment yield

5 ZigtniTdie
5.1 %

(1) 31 50a B HHF 10 R FEBEZRVHPELEAB N TGS, A 20 g 80 4 LIk b & B B 5
b KELAT A43 R 1956 ~ 1979 4EF0 1980 ~ 2005 4F 3B 4 , J5 BA% VD B A AT AR 2> 3K 55. 3% , H A BT
WA SE 3 S AT A FRET 78.2% \77.8% #191.7%

(2) B 70 SR VD 3R B 2 A ) b 40 A, B VDA > 5000t/ (km™ a) B3R ZUAR VD X SR 40 A T 75
M- fE- B A . WVREAE R A T RIS, =R B Y X B 2R A (B VD R B Y 2 (R S5 4
TRIFRE o
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(3) 3+ R VD 30 B A 2 55 O 25 3, A R VDAL > 5000t/ (km™ a) (9 X IR AT AW T 44.3%
M B RE TSR BT % 20% 40% LAyl sS40 50 7 Sk U 63% 39% . ITEIFRSKE , S VD5 BE 8
/5 20% LA b WITE AR 7 B ET AR 45. 6% ,38/0 40% LA 19. 0% o v B 855 i B 5 1 X387 T G R R
HR I L P LR L X, S ERAE 40% LA Lo

(4) B+ & 52 AR K 28 10 2 3B S 9 25 [B]— Bk, B K 2 R M EZE A R . (HE
FRK-BMDRRMTEN G REZH, ARESREN PR ER DN EZRER, AN TR ETE 61.4% ~
93. 1% Z|a], ¥ 72. 6% , ik /K Tlk B RA 27.4%
5.2 e

(1) S PR K SO 2 ) X B 24 VR B, B 5 R K Sl RSB A EE B 20, AT
115 AN7K S0k s i VD B3 | 83t IDW 23 [B) 46 (B 1 7 12 43 1T 38 - 1 SR AR ol 7= 9 1) 2 B ARPALE , IR A7 AE — 22 0 1k
ERARR . NS SHES S NE YRR LLRE, “HERNBENEMRXEKR (7 = 0.856,
n = 115) {HEE kg B4 0 o B 1 B 7 VR B etk — 2B AR

(2) ZEVERE K AR A U0 A8 Ak ST RN, BEVE A AT R BK LR 4 R 2 — R AR R . BT,
FETR] AU T S PRI K S VD AHSPE IR A R AT LAMESD , X S0 PSR (8] °] BB © AT T AR M K AR R IR T
YEo RAFEK-HIP R REEIMER T, PEAGRE K 2B LRI AV s 3 i im V> & 22k e , i A 7E IR K
HIANHA 2 T o

(3) INET A7 10 532 AE TP &R E i 20a B i b & 2 52w/ E s, Bk, B F/EZ IR
DB B A R o R RO K R IRAR B S REIE . B 20 4R 70 4R DIk, B 4w JRK B I
FKFK A TR E LR T KRERY, B, AT PHEIRY 2 A4 A AR M= YR A B R T o
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