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Analysis of trend of runoff and sediment load in upper and middle reaches of Yellow River at century scale//YAO
Wenyi', GAO Yajun®, AN Cuihua’, JTAO Peng' (1. Key Laboratory of Sediment Yield Process and Control on the Loess
Plateau of MWR, Yellow River Institute of Hydraulic Research, Zhengzhou 450003, China; 2. Hydrological Bureau of
Yellow River Conservancy Commission, Zhengzhou 450004, China; 3. Yellow River Engineering Consulting Co. , Lid. ,

Zhengzhou 450003, China)

Abstract: According to observed data of runoff and sediment load in the Yellow River from 1919 to 2012, the trend of the
runoff and sediment load in the reaches upstream of Tongguan was analyzed with nonlinear statistical methods. The annual
runoff and sediment discharge has shown a declining trend in the Yellow River since the mid-1980s, and the relationship
between runoff and the sediment load in the upper and middle reaches of the Yellow River abruptly changed before the late
1960s and abruptly changed again in 1986. At the century scale, the runoff and sediment changes of the Yellow River were
mainly influenced by climatic and other natural factors before 1960, high and low runoff and sediment loads occurred with
changes in rainfall, while the runoff and sediment changes were influenced by human activities and natural factors since
1960. Though rainfall showed significant changes at different times, the runoff and sediment load decreased continuously.

Over the last hundred years, the absolute value of the tendency of the annual sediment transport amount has been
significantly higher than that of the annual runoff, and the absolute values of the tendency of annual runoff and the sediment
transport amount in the middle reach have been significantly higher than those in the upper reach. Over the last 30 years,
the runoff and sediment load were at their lowest levels in the Yellow River, and the outstanding characteristics were the
continuous decrease of the runoff and sediment load, the uneven spatial distribution of the runoff and sediment load, the
decrease of the sediment load mainly occurring in the middle reaches, and the decrease of runoff mainly occurring in the
upper reaches. Thus, the annual distribution of the runoff and sediment load tended to be uniform, the incoming sediment
coefficient tended to decrease, and the relation between runoff and sediment load tended to be strong.

Key words: century scale; runoff; sediment load; relationship between runoff and sediment; runoff and sediment changes;
runoff and sediment reduction; Yellow River
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77.7% , F&0 fs /0t F B B L 4 A Wi i) s
/> 44.5% 42.1% 35.3% F1 12. 7% , {81558 7 i)
& AR 2014 AEFWLIN = 1Tk K A JE F 4 B T
TRV EAE 142 1, U8 0. 74 12 ¢, R A i
Vb S0 SR DA B fe/IMEL
%3 ETEEWE 1937 ELRERE BV E
Bt/ m Hivb /A
W AR A4E ORI AR A

i 1919—1986 4 247.6 169.2 416.8 12.10 2.29 14.40
1987—1999 4 119.4 141.2 260.6 6.12 1.95 8.07

whig o m B

S 2000—2012 4 106.4 124.8 231.2 2.09 0.68 2.76
I 1919—1986 4 187.3 130.9 318.2 8.62 1.15 9.76
o 1987—1999 4 86.8 118.6 205.4 4.38 0.93 5.31
N 2000—2012 4 75.9 108.2 184.1 1.25 0.32 1.57
Sk 1919—1986 4F  152.4 100.2 252.5 1.15 0.27 1.41
% 1987—1999 45 64.6  99.8 164.4 0.28 0.17 0.45

2000—2012 4% 64.6 98.8 163.5 0.23 0.22 0.44
1919—1986 4F 188.6 134.9 323.5 0.78 0.16 0.94
1987—1999 4 111.4 156.4 267.7 0.40 0.11 0.51
M 2000—2012 4 119.6 162.7 282.4 0.16 0.04 0.21

30 AFR BTSRRI A 3 Do RE A
DA 42 I i 98 W BH /N F 47 i 10 2 iR, an 5
1919—1986 4FAH I 4 UKW 1987—2012 41y
HrvbERE K 66. 0% ~68. 3% |, M4 i 12k i VLI
11.4% ~42. 3% ;@M\ 1% 25 v e 428 3 o ol ot v
NG N E DO S T RN E TR =0/ NG R 3
)35 1919—1986 4FEAH LL , T 30 4F K42 i & i
Vb8 L VT, A TR D R A 69. 2%
~78.7% ,AFIN 21.3% ~30.8% , 1T 2000 4F
DI AR Py 7 Bl 56 22 T 28 | RSk 38 33 W i LASD
HCAth Ve 1 A A o > e 0 5 A TR ) B AR 5
VEHTIE 10 22482k i V0 12 ol 6 4 RUBE 43 A 1 AR
S A AR AR R AT 3 e T U

I AR, R T R TR K Y 5 2
P I EARREHESEARAAT 2 BRIV AER TR

b. K ARAFEEFEZS ] LA A, BT B
PR I | el e 213 A NG S R e w7 -3 N G R
B J1E oy 7iow S ot e 4D TR R ) B o S e N

5 1919—1959 4F At 1987—2012 4 i 5 Wi
AR S VD R /D 10. 50 42 ¢, Horp kil $3 2 e 1] X ]
WLT 6.19 12 1, 15 59. 0% 5 Jo 1) 2 1 56 X Ja] ik 2>
T 3.34 401,531, 8% ; RiBEH LI LT 1.0 14,
15 9. 2% , UL Vb 32 O TR VD B ECR IR IX
AR v S AR AR IR B, 22 SkIBE T G
e 153 9M 67.3% 68.3% 67. 6% 1 66. 0% , {5 FE
A W T PRI 25 AN SR KT (R 4) .
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Ik

x4 HUIEMEARMNREZRE @LE
/AL m? b/ AL

M AR AAE R AR a4
g 1919—1959 4F 259.0 167.1 426.1 13.40 2.52 15.92
1960—1986 4 230.3 172.4 402.8 10.13 1.95 12.08
1987—2012 4 112.9 133.0 245.9 4.10 1.31 5.42
1919—1959 £ 196.7 128.7 325.4 9.35 1.25 10.60
1960—1986 4 173.1 134.2 307.3 7.50 0.99 8.48
T jog7—20124F 813 113.4 1948 2.82 0.63 3.4
1919—1959 4£ 155.9  94.8 250.7 1.17 0.25 1.42

] B Bt

A

T &

ig 1960—1986 4F 147.1 108.3 255.3 1.12 0.29 1.40
i 1987—2012 4 64.6 99.3 164.0 0.25 0.19 0.45
s 1919—1959 4F 187.4 123.1 310.4 0.91 0.20 1.10
7” 1960—1986 4 190.5 152.8 343.3 0.59 0.11 0.70

1987—2012 4 115.5 159.5 275.1 0.28 0.08 0.36
5 1919—1959 452044 it & AH Lt , 1987—2012
GO STEEEY AN I ARNE=N © SEY EIFEN/ 8¢/ %N
FEEPELED L LNAEREEREKX, 5
1919—1959 4FAH HE , 1987 41 LA A 1 I W 1 41 428 37
/N 180. 2 42 m? , Horp Sl B3 2L 1k 86. 8 {2 m?, 5
48.2% ; Sk i BH— 1T X (8] 2y 43.9 {2 m’, i
24.3% ; oI 1—EKCIX[H] R 49. 5 /2 m*, 5 27.5%

c. IKUAE e KA ARk, BT AR AT
PP HC HE A8 A = B R BT i, — 2 R T
FAAI N0 4 O E NI =< A N S B R 2% =
i S ARAR Y L), A N 45 H AR I R O B
FH5,

TG 1919—1959 42 I i 5 2 4E 48
T 60. 8% ,1987—2012 4E R[4 K 45.9% , Jel ] .
SLIE 45 2% M T LA R AL B AR AR R A, i R
60.4% .62.2% .60.4% | %% 41.8% .39.4% F
42. 0% , 35 AR 0 3 e L ) & AR B E (| S)

2 70 [11919-19594F £ 1960-1986%)- [ 1987-2012%F
=2 62.2
& 60.8 60.4 = 60.4
B2 60 mpr2 156.3 57.6 i
g = 418 7470
$= . A £
‘:t 40 394
L
<30
= 20
B
£ 10
E 0

i K Jer et 22

E5 IEWEAHZERESSER KB

551919—1959 4ESZMF- ¥ {E AH L, 1987—2012
AR OCWTTHIAT Y H B3 KT 2 000 m® /s (19 RE
TR TE E ) (LA fRTAR A7 TR B ) H 62, 2% B8/
0 10.5% ; KT 2 000 m*/s B4R Ui & 5 TR
75. 8% J8/INK 27. 7% s KF 2000 m*/s [ i V04
T 87. 2% Wi/ 46. 8% . 2000—2012 4F 1% &
W I AR P H 43R R T 2000 m? /s B RE S TR L E
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— U R 8. 8% , KT 2000 m’/s HUAR & Vb &
A2 Nl 24, 6% F131.2% . el . Skil
P MK SC o A AR AR RS (KL 6), 5
1919—1959 4EAH Y, 1987—2012 4 3 4> 1 4F 4 H
Yid i oK F 2000 m'/s B9 K2 S TRCEE 4 9
30.2% . 22.6% .29.5% F (& 3 4.6% . 2.8% #I
2.0% ; 5 1960—1986 4FAH E , K F 2000 m*/s (1%
VhiE T EE 2 B 1 65.5% \53.7% .63. 4% T &%
34.1% 12.2% 1 8.9% .,

90 872
5 76.9
80 75.8 —
- 70 62.2
£ 60
= 50 47.0
=
- 40
30
20
10
0
1919-1959 1960—1986 1987-2012
geiy
B6 EHX2000m’/s A EFGEHMKRER

HEZRE WD E ML

d. RV RZECEA B Bt Ry, RV R AL
6 e — T T A 5 VD 1 5 R O I A Y LG, R T K
VST G ZR SRl T3 554, R 1D RBOHK T TE
[RIAE DI T T 114 2 U 1 ey, o] DR U AR A AT i P 2k
Kz N, 25 2550t 17 4 AW 1919—
2012 4EAN[A] I B R b 2R 8k, AR AE ELAA B A By
BEE VR AR 5 LA 1919—1959 4F 3L | 5 3 A4t
BLRID R DT T /N — 35 K — 80/ i A8 Ak ik
TR U 3 AN B 2% W T B 07 O £ i A VD RE D 38 K
AT HERGE, 28 LTk k1D RECB b2

NGB R R 53, B, 1960—1986 4 [H
e X ZRW ) R AU K B S feis YD LR
BK PR RER I S50 , > V0 R AL 1960 4F LIHT (K
SREAETT ) B S A 5 1999 4F Lok i T 3B #F ik Ak ik
TR S, P Vb | AR B e
SR, R Vb ZREUE 22 KR B A

A W T AN (7] B B2 1) e V0 R O L, B v
e ¢ BT TV ZBLL 1987—1999 4EH K, 1M |-
TE) 25 M Sk PR R LA 1919—1959 4R iRk,
TAh TV R B AR (b B 5 AR R U R AU
i Rt AE—2, 1F 1999 4ELIRT K 3 ANIFEE 4 A4
W IR 9 A VD R B A LR IBE in, 2] 2000 4F LS A
A FTREAR, AR AR VD R B A TC W 0 R,
HRAESLIE VL I B, i 132 KBK B T
PR R S R B AR 2

ANV BER R VD R AR 25 ) oA b R B v
AN A RRIE , S  JE f R 4)T BE O BT e
ook U5 f Sy P i Sk B B —J 1] X [R], B R 8
181% ~637% ; Jo.I 1 —i X IX [AFE IR/ e R H
70% %, HAF 20 {22 60 4FAXRTFI 1987—1999 4F- 1
B BEAR AR, X T 43 A R i 2 FE VAT /K 0 S Y ) A
FIF R E 1)

4 & B

FRAE 1919—2012 47 # ) i 5C LA | 32 B K S0k
SEMAR A b Rk, T AR g vk oE
I8 T B AR R T KV RN AR R RRAE 5 a3, o bt
T3l 30 AR B K VAR A AR B LU R R GR

a. FOAK VD 58 748 5 A8 S5 1 o8 T 7 A R K U i
A Rk Rk Vo6 2 & AR W AR B T, FERFFSE

x5 EFEWEARMRFEHRD R

e of B SEE A/ (m? s B/ (kg + m™) IRV R (kg - s - m™)
biieY] E[Rr ] AR bR 0] [T ] AAE B A AAE
1919—1959 4 2457.12 759.90 1351.15 51.7 15.1 37.4 0.0210 0.0199 0.0277
o . 1960—1986 0 2184.84 821. 14 1277.27 44.0 11.3 30.0 0.0201 0.0138 0.0235
LIS 1987—1999 4% 1132.74 672.53 826. 36 51.3 13.8 31.0 0.0453 0.0205 0.0375
2000—2012 4F  1009. 41 594. 42 733.13 19.6 5.4 12.0 0.0194 0.0091 0.0164
1919—1959 4= 1866. 08 613.00 1031. 84 47.5 9.7 32.6 0.0255 0.0158 0.0316
. 1960—1986 4 1642.19 639. 19 974. 44 43.3 7.3 27.6 0.0264 0.0114 0.0283
% T 1987—1999 4 823.47 564. 89 651.32 50.5 7.8 25.9 0.0613 0.0138 0.0398
2000—2012 4 720. 06 515.36 583.78 16.5 3.0 8.5 0.0229 0.0058 0.0146
1919—1959 4F  1479.01 451.53 794. 96 1.4 7.5 2.6 0.0001 0.0166 0.007 1
S 1960—1986 4 1395.53 515.83 809. 55 7.6 2.6 5.5 0.0054 0.0050 0. 0068
1987—1999 4f 612. 86 475.35 521.31 4.3 1.7 2.8 0.0070 0.0036 0.0054
2000—2012 4 612. 86 470. 58 518.46 3.5 2.2 2.7 0.0057 0.0047 0.0052
1919—1959 4 1777.85 586. 32 984. 27 1.1 4.8 1.6 0.0027 0.0027 0.0036
o 1960—1986 4 1807.26 727.79 1088. 60 3.1 0.7 2.0 0.0017 0.0010 0.0018
- 1987—1999 4 1056. 85 744.93 848. 87 3.6 0.7 1.9 0.0034 0.0009 0.0027
2000—2012 4F  1134.64 774.94 895. 48 1.4 0.3 0.7 0.0012 0.0004 0.0008
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IR RUEE N s AR AR O 1 AR R vD & 20 22 80
AEARH I LR AN/, E R i K T 56 2R 4 BIAE 20
g 60 A 70 AR A L & AR AR AL, An g 1 i
MWD 1968 4F | Hhilfe e ] A SC KT i 1978 4F 1Y)
IKVP A FR & AE T 78k, 1986 4FJ8 T IR 58748

b. MEAEREEE 1E 1960 4ELLAT, B K vb 728
b BT AT A AR R 42 Ui o Bl e T =E
AR B G281k 5 [ 20 42 60 AEARR LISK, X
5 AR DR 2R 29 2l PR 2 R /K U A 1 A S
29 K FEACE R FIREN T, 5 20 tit4d 60 E4CL
RIS TR, RS R [R) B B R R A A8 1k, (HAR I
i RV AR SR RS D 1, 4 2000 A DK 24 M DL
ISR E S AR ARE ¥ & N 101 TR e
1987—1999 Al 38 fin (%), 1 42 37 12t | i V0 1 H1 D
KM/, IEAFE A I R 2000 4F LUK A 2856 Bl Xt
KRR ST = SVEM.

c. WIEEHAEKY RIVEE, T4 05 A
o BRSPS DRV AR AR AR A R B $
B, AEHR U Bl A R S I B K AR AR I A Y 5 v
W] G AR L i A VD D R A 8
ST o 3t I S TE E 71

d. 30 AR B K VP AR T 28 Hh R i R BTk
TR B AN K B 2870, 2000—2012 4F B M I 1 4F
HeAKUD R G B 1) i BE 5 K VAR AL R B 7R 25 1] 4%
I N I e 2 A s 1 o e 2 el 1
IKVPAE P A ks T 3550, B BRI KR Y AR T
BT ; Sk Vb R A 20 T2 80 AR AL B B
BEAR, ZEVR R A b A N B2 R AR, I
SR )R, BT R K Y R B A R IR
30 AR EAT KV IR, {F I AN REHERR A ok H A K
KUPAEHY AT fig:

EEe T NRRZY5 0 DN s Kl o W M B
TERASE AR F K, BUE K AR ALHI A Y 5 4%, A
SCHI AT SRR A5 1), B AR MR T i — R R
WA kA T B B K YA fe i $, K VAR Ak i
AL DA T A AR A o AL S A 5 AR 1 1) 7
MRS A TFRADIA,
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