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The Transitional Change of Runoff in the Upper Reaches
of Yellow River and Its Causal Analysis
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(1 Qinghai Climate Centre, Xining 810001; 2 Lanzhou Resources & Environment Voc-Tech University/Yellow
River Basin Ecotope Integration of Industry and Education Research Institute/Key Laboratory of Climate Resources
Utilization and Disaster Prevention and Mitigation of Gansu Province, Lanzhou 730021)

Abstract: Using runoff data of Tangnaihai hydrometric station, meteorological observational data including temperature,
precipitation and evaporation and climate indexes such as plateau monsoon and westerly circulation from 1961 to 2021, the
characteristics of runoff in the upper reaches of the Yellow River were analyzed to uncover the climatic causes that affect the
runoff change. The results show that the runoff in the upper reaches of the Yellow river had a sudden change from descending to
rising around 1991, and it has increased significantly since 2001. The runoff has a significant change period of 8 years. Climate
warming and wetting is the main reason of the abrupt runoff increase and the transformation of atmospheric circulation and
its influence is an important reason for the significant increase of runoff in the upper reaches of the Yellow River. Runoff has
increased in the upper reaches of the Yellow River since 1991 under the joint action of the weakening of dry westerly circulation
and the enhancement of warm and humid plateau monsoon.

Keywords: runoff, climate change, atmospheric circulation, upper reaches of the Yellow River

0 sl INETRF— A, 201H 20 75 b Hi X A< 05 4 4k
R T E MR, EWRREAT R, e RRETABEBRET, BTk, R,
Sk, RMEEREA. H EFERREEEL =A  FEALMIX AR T B IE AR & B T BRI Es 1, A
il —RRRMEAK RIKT WA SRRk EROLITE. e O M T bk X
U R IER A U BT EW RS, SRR S, RREEERE L, mihX 4
BB WK AR R A Y, B RBEE T P T 20t LA0ERIGOEAE AR B AN BRI, HY
ST )1 4278 8 A7 B8 00 A%%*%ﬁmﬁﬁm I FT I S0 B 9, 20t £ A 1 b X 76 30 15 4% 30 )

G RELRIN, BAT--4 BB DS R,
= SARARAN A2 B ] I AR R I D E/]jzgq[wjj[lz-m]o
ARAY: 202285 130 BEAM 2B FIASE g gty g SRR T, B
F—AEH: B 49 (1990— ), Email: 870168267@qq.com
BAEAE A FRIAR (1985— ), Email: ztf ghzx@]163.com SiEThE, REMTNEINERERE b, &
RIS & FBAGRARE REBE A LA HAUIBF AR, ROKRIRD, SRR E SRRk
(QFZ-2021-Z14) ; HixEH A % AE &7 B IR B B8 T 30T e R A . ERBE
(QXZD2022-07); ¥ BASAREEHET AT MBI LUH KR A 2 SR 1)
PAROE) BRI (HLARERT U GO T 446 05107, 3t

Advances in Meteorological Science and Technology S&EHX#ERE 13 (4) - 2023 | 87



SEBE

dvances in Met S&T

HAZR TR W PR AE e R PR o AT e 2> o A St
VA Ly X B S Z AR A BRI AT R AL, O
G BT SR FL A AT B SRR SRR R, LA 3]
Ul XK B R DAL SR AR SO, AR S SR R L
HcHE
1 #REHE
1.1 BRKIE

RSB RRH 1961—20214F 3 9] _F i b [X
FEE. R D4, [FEE. FEun. 2 H. HE. 15
ZRAEIN[ R G A FRIE. FKE. P
SR P RGEAZE R &5, ARRIFAR XS
FEEZR (BD. HT2% K5 EuE1969F 1/ f5 5
B 7 RIE DAL ES, BTLA1961—19694F Xk A T 43
BT, AN HT1970—202 1EE£ i . 37T L b X &R
FH 75 48 555 9 S0 T 20K Sl L B Rk, B[]
N1961—20214F .y Jif 2= AFE HK H 36 1 B 2K B 58
Tk H.0 (NCEP) 2481 Xz Bt Btk H A3, Bk
IS4 26 92.5° X 2.5°  E N4 1) B 375 48 H50R 7 5,
SRR E PN Sa R L RS K 3 B AR iR €
(http://10.1.64.154/portal/web-home.index/) .

i
B _E X

Bl ARRRSKER T
Fig. 1 Distribution of the study area and meteorological
stations

1.2 ARFE

FIH BRI R G uli TR FORHT F1) 1) 7 (8] 54K
A AR B X O T 22 K SCuh g ) S
W&, HEEETEE ARkt g, RHL
PERASE . M. WIS T, Mann-Kenddalli:
(M-K3%) #4758 05047

mRERIER LKA (D iHE, BN
600 hPa (27.5°—32.5°N, 80.0°—100.0°E) i [ N
F) - 15 78 X B AU, 5 (33.0°—37.5°N, 80.0°—

100.0°E) i Fil P9 1 F 15 AR MR BE P AU, 2 215,
Iy, =AU, - AU,, (D

25 AR BOLRR T TR B, 2 IR BT 3 Hh
R T o I — AN R AR, AT DLE R IR L R
(PR, J2 AT BT Bl 45 A% b Hh 3 7 XU 43 & 1 3
B HLES00 hPaZs R bt 56 X485, 1 E
2 A8 F N M X P P R e 2, T 2 45°—65°N,
60°—150°E™",

M-K 535 46 56 2% 75 M- Kot 846 56 (1) 5 7t _E 28 ST 1)
— o A B R AR Tk . T AR AR R I I AR
FHIREAT B G B UM UD, RIEUM U E
15V B A A2 A5, T I T 97 A i B
2 HR5HWH
2.1 Hin Bt R SR 4FE

SARAE N P B BRI R 1 3 RS e 3R L AE DA
T — oK AR S i, 2R
MBS ZERE; = 25UBnsEm X EKES; 1Y
R T RMSLhEEES K2 AR ZE, M
% B N SRR 6 14ESk, B b ik X 4
PSR BAR RS B ES, HAEm R ERA
0.33 "C/10a (&2a), B & T[R4 BR &% 4 [ (1) 3 iR
SEYME . BT X AR S SR AR 19974 LKA N
RIS, 20122 60F AN —0.68 T, 90
FERIBFIN—0.31 °C, 20004 J5 1)<l 0.76 C,
20104 LSRRI mJUARE, PR EIE0.96 C,
Eb20tH 4090438 D 71.27 C..

T YRR X T 6 14F AR 5 [ oK & 2 B B B 3 N &
(20D, S AEMA % A 12.4 mm/10a (P<<0.01). H
Ak B B R EBRMENRR RS, MWBEKKE
R RE, 201 2860450 ZE 704E4% H Ji A FE K
AR 8 I B, TOEE AR A B 2 8O AR K ik N 2 9 1,
TR G XN & —/MEMAM B, 2L LSRN 2R
BT EE R

B R — B 20T A3 H 9 1961—202 14F 35 3]
LU X Rk R ERRAT L (B2e) ATUUER, &
614K, i Ll X8 kK B 2 B B, H
S AEAR 7] 2 8.0 mm/10a (P<<0.001), X 5 ¥ ki
Hh X AR B E SR AR R

M1961—202 1 4F & i) = i i [X 4 ~F 450 FF X6 8
Ak (E2d) ATLAEH, JE6LAER, B Ll
X 4F - 251 AH 0 0 B B B BNV H, AR A A
N—0.3%/10a (P<0.1). M1970—202 1435 Lz
X 4FSF- 2 RGO ARk i 28 (B2e) ATRAE H, JES04ER,
TR DX A S 3 X 2 R S N R g, S

88 | Advances in Meteorological Science and Technology S&EHZ#E 13 (4) - 2023



2[ (@) y=0.033x—1.046
R2=0.585

TR/

1961 1971 1981 1990 2001 2011 2021

gy
300 -
(c) ¥y=0.804x+194.730
I R*=0.659
£ 250]
1§
K
i
& 200
150 1 1 1 1 1 1
1961 1971 1981 1990 2001 2011 2021
Fo
i (e) y=—0.016x+2.762

R*=0.851

FET- 2 R GE/ (m/s)
S}

1 1 1 1 1 1

1970 1980 1990 2000 2010 2020
FE4y

MZN—0.16 m/ (s-10a) (P<<0.001).

2.2 i LiFitRERETHIFE

1961 —202 148 3% ] | JiF 15 i 2 45 1k il 280k
E (F3a), 614 RN LifRiE B k2T
Fefadh, SRMimEN—T7.6 m’/ (s-10a). HI19914
Frah, B EHARERS BT, 2020ERREL
982.1 m'/s, ITITEHET L E VI (653.3 mY/s), ik
F| 7201 L 8OFAHIHI KT« M-KiE AL 56 73 Hr
(BE3b) £, E19914FERTERMEHI TR, B
SPHEIMHAES, 20009 UG MEE . RABFEL
AT, B L X AR LA25.9 m/ (s-10a) HIH R
A, TEEHTE LL122.9 m?/ (s-10a) f 3 s 1 fn (P
<0.01).

Wik oy (EI3e) R WY, 3 LifitimE A A8 a
HI38 affy 525 AR A0 R, T DA% S 5 P A R ) /N U
REABEHRE (F3d), #A21HZ LK, 8 alf
WA AEOOFERA KL, EEIERZH LS D
E, M38 aff KAMARIAAHBRE . XRWFIL214K
T LR E R B O T MRS T

Advances in Meteorological Science and Technology S&EHX#ERE 13 (4) - 2023 | 89

700 [ (b)

y=1235x+463.710
R=0.107

600 [

A 7K B /mm
W
=
(=]

400 H

300 1 1 1 1 1 1
1961 1971 1981 1990 2001 2011 2021
Efp
70 1 (d) y=—0.031x+60.149
R?=0.046
S
i
i
=
EE 60
l_{\(’
B
50 I I L L I I
1961 1971 1981 1990 2001 2011 2021
4y

E2 1961—20214F % 7 Lt R &£ FHS<E
(a), FBEXE (b), FFHRE (), FFHEE
E (d) FEFHRE (e) T ML
Fig. 2 Variation curve of annual average
temperature (a), annual precipitation(b), annual
evaporation(c), annual average relative humidity
(d) and annual average wind speed (e) in
the upper reaches of the Yellow River during
1961—2021.

B E L 8 a/IMiE [a] T Sk 0 4 AR A A, I
BRI BRI RS L. XA
et BT B X AR RS L KSR R I B B A R AR
S

2.3 MEA LFHRERETHIISERE
231 REETERE

TEABRARBERE ST, 5 s R 20 H %R
WAL IR, 24 I BT _E i X P SR
FERKEANRE, T I X SR AR R A
AW ARVRARAE, TCHAE19914EE, FRIERHE S N
&,

KAPEK HRFE RIS 5 I & 1 3 2 A
TP RIUPA T H B IX E TP YRR R S E
SRR KR EPARGR R . 8 KK
AKX RS TUER, FHRIESFARELA K LR
FMRR R, W LI X AR R, PSR
5RBERFAHXRREMHE, RHSEA MK
MBAEKE, FBRRAARL, HiZth A KT
K BRI NG s FE 3T FRE SRR E 2 IEHK



SEBE

dvances in Met S&T

1200 1 y=—0.760x+676.820
(@) R2=0.006

1000
800 |
600

400 |

FEPH i/ (m?/s)

200 +

1961 1971 1981 1990 2001 2011 2021

(N
4000 il

(c)

3000

2000

N

1000 H

1 7 13 19 25 31 37 43 49 55 61
JEl i/

M-K % it8

1961 1971 1981 1990
b

AN ES

—400 L L L L L L
1961 1971 1981 1990 2001 2011 2021

FEpy

E3 1961—2021FHEq LiFEREBERTH (a), M-KREHLE (b) , /NEFZE () AR/NERE (d) T Lk
Fig. 3 Annual variation (a), M—K mutation test (b), wavelet variance diagram (c) and wavelet coefficient curve (d) of
runoff in the upper reaches of the Yellow River during 1961—2021.
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