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Evolution characteristics and influencing factors of the measured

runoff in the main stream of the Yellow River

Gao Haiyan', Zhang Yue’
(1.School of Statistics and Data Science s Lanzhou University of Finance and Economics ,

Lanzhou 730020, China; 2.Institute of Economics, Lanzhou Technology and Business College s Lanzhou 730101, China)

Abstract; [Objective] This study aims to comprehensively elucidate the mechanism of runoff evolution in the
Yellow River Basin, and to provide a scientific basis for further exploration of water resource management
and sustainable development in the basin. [ Methods] From the perspective of functional data, the properties
of trend, mutation, periodicity and seasonal variation of the measured runoff volume on the main stream of
the Yellow River from 2002 to 2022 were investigated by techniques including phase plane analysis, principal
differential analysis and basis function fitting. Additionally, the differences in runoff volumes among major
hydrological stations were analyzed by functional clustering. Furthermore, cumulative slope change analysis
was employed to quantify the contribution rates of climate change and human activities on runoff changes,
and a multivariate functional linear regression model was established to estimate the relationship between
climate change/human activities and runoff. [ Results] The measured runoff volume displayed an increasing
trend with significant periodicity, experiencing abrupt changes in 2004, 2008, 2013, 2017 and 2021 with
distinct seasonal characteristics. Based on the spatial distribution patterns of annual runoff, the twelve main
hydrological stations along the Yellow River could be classified into three categories. Climate factors
(precipitation, temperature and water consumption) and human activities had been proved to notably

influence the measured runoff. [ Conclusion] Over the past 20 years, the measured runoff from the main
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stream of the Yellow River had exhibited an increasing trend with distinct spatial distribution characteristics

among hydrological stations, indicating that the measured runoff volume was significantly impacted by

climate change and human activities.
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in the main stream of the Yellow River
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Fig. 2 Fitting curve of measured runoff at 12 hydrological stations in the main stream of the Yellow River from 2002 to 2022
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Fig. 4 First and second derivatives of measured runoff fitting curve

I TR AR B AT T 9 S AR I e A ) B S AR Ak AR
K. Ho 2 2002 4F 2012 4F 2022 4F R SEARAE A5y
SEEIN AR e AT PR e S I AR A e A Ak 5
WM CR e S Hae s R, ' 5,
ARy 1—12 A4 1.2,3,4,5,6,7,8,9,0,N,D
FEIR 2R 3 LAY 2R A0 58 SR 4B L I a5 Ah
S A8 G P4 R MO0 B A O, A A A S N AR i
FEUL AL Z Sl 1) S RE I RE Dl 0. Hh 2 i 5 3 4 b %
L S AR AL e 1 2 U0 Bl ) R A R A A e R e A S
HH L 5 AT LA H A4 03 S0 00 428 378 8 1) A P T ] 3 A
AR 5L R FBAR: T B AR AR 2 (1] N B ) 0 S I A2 e LA
ETE BT LT s R ZR T AR

S5A L2002 ARSI AR I 5 00 AR T T R R — A
RNHEARE LR R R E A 1 IR R, &
9 H Ak Bl /MY, Z JE FREER K. 2002 4F 17
7SI A e AR AR A B R A OE I EE S R, BT H
BRI o 10 BH % B S R S0 4% 900 B Ak T R 18 Y B K
RENHEFE EFBAFES . H 8 AJF ML

A A E 9 A Ak AR ME . R E
ARAVRFAE . 462 S0 A% 3 a2 il 4R A0 o BE O I
I, 2022 AR SCIN AR I B B OBk A R T AR
FAFAE . BEAP . 2002 4F 2004 4F (& 5B) . 2012 4 (&
5D) LK 2022 4F (I SH) H 4 A~ 2715 43 51 43 A F LA
7 X R 4 DASTRI B G BR v, HL A5 4 B
BE N R LA A L A 3 I s s b A . XK E R
22 AF Ay SN AR A0 B 1 AR Bl HLA R Y BT AR AE
P& 5C 71,2008 4F S0 A% i i A A P 1 P — A
FRE A —A /MBI, EB A 1 ARG E 2 A
3HLE 4 A Al o), 78 b By BE S0 I A% it Jn ek B b
FEANRADRE R G LM AR Ji = AE 2008 47 F748
TR BERE /N, A 4 H T R) FF B 36 T o s B s /)
26 N A) R A f RAE I B A 0, B B X R
2008 4F SN A% i B AR Tk il 2R 0 D 0 B 22 0 S
PR R R R, EAE R A S, R E] 2017
A (] 5F) S22 97 1 04 AH - 1T 1] 5 2008 AR ZE AL,
#2008 4N 2017 ARSI I 1 AR fR REAE A AL



6 K A5 32 %
A 20024 B 20044F C 20084F D 20124
40 T 40 T T T g T 40 F T T ] 50 T
20 | q/D/ . 20 - I/’— /6 d\\r
= =y 1 20 - 4 ® o
op N op o
s 0 £ 0 & &
1 K I 1o 11 =50 F i
1 1 1 1 1 -20 1 7 -100 1 1 7
0 5 10 6 4 2 0 2 4 =5 0 5 20 -10 0 10
—Hr S —Wr 5% —Wr 5% —Hr S %
E 20134¢ F 20174¢ G 20214 H 20224
T T T 40 T T 60 - T T T = T
40 | .
20 . 0 i
] 20 . & & o0 L i 20 .
o o o5 ﬁ B |
& 0 & 0 & [ s .
1 1 11 1o
40 L 1 1 1 -40 £ ! ! i - 220 1
‘15 10 -5 0 0 5 10 20 -15 -10 -5 0 .10 -5 0 5
—Kr S % —H 5% —Kr 5% —Hr 8%
s #HEmHE
Fig. 5 Phase plan
M & S5E FE 5G AT 2013 45 F 2021 4F 5290 4% B:()D* 2, (1) +D*x, (1) =0 (9)

it B PR ST T PR A 7 T MR 4k 1 A I 1 B X PR
AESLIAR I L T e, #E—20, LUK 5E iy
9], PR ZR 3 T AT S 0 A2 3k o D 2 1) Bl AR AR AR AR . K
WIS LR AR R, 15 AT
SRR SRS A e B S TE LB ) 3 U B S
BREEAE EEFRETREAS 610 HA T8 =
PR, SRR MR R, H A 6 H s s Pl ic 55 4
P L I 6 H I 4h 520 A% O 6 AR Ak e R R
10—12 A1 i £ S ml 2058 — B, B, 2013 48
F1 2021 A S AR It B 7Y 215 A2 S RRE B B I

Z5 AT AT T AT AL T BT O S I A 3
dat [ I ) A2 A 0 2= AR SRR AE . A2 HUE S e, B0 T
PR A RN 7 =R 2 N e L\ 7/ " 7 S R o s
CE = e AR VA R A =00 N (RTINS SR TN S B
DX, PR O BT A2 3 3 R IR T R K R K = RiloK s AE
EEDARY S @IS 155/ S N )
AT A% 3 468 /0N 5 T AR Sk ST 9 3 IXC A e 171 2 46 el 11 X3k
[ S T 2l N A TR R . N S | - /e
MAERENETEEARE, B TERERERE,
S B R M B SR TIRIER UK =,
UL B AF N A BC R AN 35 50, AR 4 AR S 8 T oK ) 2=
By i AR Y R K IR A i) B . 5 1956—2000
AEAR LG, 3T 21 AF Sf BT T 3t 35 K Sk S I AR U
B AR /N . SR, E 2002—2022 4F, i T REM &
W Z AT W AR I SR LRI

T TRDGT BT A S I AR A e R R AT A 4
BT o e = B e PR o R

Lx,(0)=By()x; 1)+, ()Dx; 1)+

K L RBUR B x, (O BIRE o BT B
BB () BT FEALE 2 ARt T R G R B AE T
B (O BEESIE L, R T ARG B, ()5
T B RCIE L R BT A RGN

& 6 A R AR 4. T LUE L AL iR
BB ()i (OF By (O H—@ iy s, 5 B () )
A B Je K B, (o) W B A AR X 28 . 2002 4F Dok
Bo (OFN B, (DXL 0 Hyrpts BR8N, B (O FEFEAR X
] N LA 4 g TE AR, BBy (1) 5 2R G0 1 3 B i 0F 1L 3%
TR 25 BUR 1 B 6 T BT Sk A0 R 0 45 % R I SR B
Jiti , W TR e /N YR S A5 K FIAK 20 TR, #E 2 1R B
TR B AR T PR TR T P R M I A L AT AL
b R T TR T 2 A4 R TR BRI A %) A TR B Y A
GO B A . BeAh B B (0L (O F B ()
4L T LA A B AT 5 A [ 8 9 9L S0 A A o O AR
B0 5 B 38 2ok Ze M o B8 - i R ik 5K RT DL EDW
SR I 251 S 0 A% 3 A 05 L BDAE R R AR A

0 0 - - 8O
B Y
40+ 4 \,/_\\// \_,*‘\’\J/n\
/ oy
20 HE
= \/ '!
= b
‘-.' ...... 5 H '
220 _ i :
40 ""l 1 1 1 1 1 1 1 1 1
A T v ® © N T v 0o O Ao
S 6 & & & = = o o= = & N
S & & & o o o o o o o
A & Q& & & @& &8 & & & &

F

6 WERHHES
Fig. 6

=

Image of weight function



5% 2 1o T G A T U S AR Ok AR A R % 5 R PR 0 7

2 12 AR SO SR W WL S 8L D RO B AR A A UL o 2R L BT R T
%HH%E‘JX%I:I’EI,B‘QIE PDA JPik WA 2. /708 RerdlasCrR 8. W, s A PDA J7 ik iF 58 520
BT O R L 1B B R SSEROR O T AR R ARV T A AN (U RE B A M LS 2R T DR R
P 2 (5 B s S AR i e A LB, T DL SRR TR (S R AT A 5 4 1 S B I A

70 70 70 -
B 2 AW L
60
i
§ 50
i 40
S
@30
ﬁzo
10
0
2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
E E=ol
70 70 ‘
SLIE y AN
60 |- 60
§ 50 5 50 F
i 40 o 40
& 30 30
§20 ﬁzo
10 | 10
0 1 0 1 1 1 1 0 1 1 1 1
2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
70 70 - 70 -
=170k NRIE i gu|

2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
E E 4 E
70 . 70 70 .
A il Fil
60 | 60
E 50 " 50
S S
1 40 1 40
@30 1@30
Eﬁzo ﬁzo
10 & 10
0 o %o
2005 2010 2015 2020 2005 2010 2015 2020 2005 2010 2015 2020
# # ® 5
— WAEMLEx) o FEip¥E

7 ETHSAENUSE
Fig. 7 Fitting diagram based on differential equation
2.1.3 FmzERE FHegalE BT EM IFXTHEE T ZIm ., S 7 R UL R B 12 AR
Bros ik, iR %(EM B %*ﬁj‘ﬁ%tﬂi%ﬂ’]éw 25y %%ﬂ(juﬁjk{ﬂﬂhomiﬂﬁi’]ﬁﬁf’ﬁpk ) A2 3 e A DA



8 e o V3 S U/ T

% 32 &

B, ERBESWML ¢ (o), AR 2 2] 520
A28 9 2t 1) B A Bl A 5 LG e S AR I e 1 40
GHRE o (ORI SEHAR ML g (OFF2, 145385
9 AE B Sy R 2 A8 5 B LA ST AR O 11 2R
ARSIy . SN AR R A A B 2k
s()=x2)—g @) (10)
P () B IR O 0 S5 R AR B AU s g ()
HY S A 9 R AR B LS. B/ 8 O g (D Fa ()
IE R iiEE N
90

2018

B8 g(t)5x(r) B KM
Fig. 8 g(¢) and x(t) image graphs

SEAR IR R ARSI s (O WA 9 Fias. "]
DLFE Y S o 1 2= 79 MR8 sh Al AN AR e e S Il Az
T B R NGy ZE T AR BN 525 I 2 A
SN AR IAE ek U Bl BRI ARy, FE R AR S B R BN
BIINAE 2002—2017 48, SEI AR 3 0 3h i R 0
A8 Sy B /N L T 20182022 4F 52N A% U da
E AT O I 2=y A2 Sh iR k. 181 10 R AR
R R B 1 2 AR Bl it 2 H b R Dy A AR
s 7 1Y 22719 72 2l 1 B A S O = AR gt 2
s s ATRVE Y, 279528 3l it iy #0558
S B 5 T T I I A A Y 2 AR
SRR  FEAZ T S AR R ZE AR S LA

50 r
o

g
3y
1
L
X

-30 1 1 1 1 1 1 1 1 1 1

N < o 0 (=] (9] < o =] (=] [

[ > [l Lol — — — — — o~ o~

(=3 = =3 = < (=3 <> (=3 (=3 (= <

[} (o] N N N 3\l N o~ [\ N N

B9 F{ D) mEEsL
Fig. 9 Curve of seasonal variation function
22 BEATRAXHEZVNZRENERESHT
P 2 H ] R 12 A4S 2K S R I A O AU
A A, 7E 20022022 4F, 12 4> 7K SC s 52 00 48 U

SN LN SRR O U o 2 N DK B2 = R 2 SR
FAAERFEZES . AT 2t — 2R IEA [l K S0k 920 4%
T 2 () B S [A] Ok {0 3 12 A4S 2K S0l S A
A B AT R BB R A . e Sl Gl
PDA J7 45 2 (AU R Bk % By (o Sk 1 52042
TR A AR PR R L PR ISR 2 2K C9) SRAG 4% 7Kk STl 52
I A U o I, R T R BB R 2K B O ik
(ENMB)! G087 12 A K SCuli i By (o) 19728 e RUEE &
S Al o AR A% 7K SC it A2 AL B B R B A E B 8 12
AKSCHE Ry 3 I8 HARRRER LK 2.

50 r

(O
(=

WA W R/ ALm’
=

10
_30 1 1 1 1 1 1 1 1 © 1 1
N v ® © & T v © © o
[ (= > [ — — — — — o~ o~
S S o ©O o o o o o o o
A & & & &8 & & & & & A«
IS 4 = -|-|-!I£'3 ,ﬁ} 3 \ >
B 10 ENERESFTEHRBNUSHE
Fig. 10 Fitting curve of seasonal variation
function of measured runoff
®2 RELZRRT
Table 2 Cluster result display diagram
B3l K 3Lk
CERIES - VEE IS E7 N0 A RIS &SN NI INAN Y
%2 2N AT
32 AER O AR 3 A

A5 S 5 BT I S AR U R A L
B11 s AR SRR D] L 35 1 280K STl i A2 3
OGO B A 3 R A 2 AR I B 1
KEERMK., FEERRHEKEE 2Z 2NN RREL,
51 G % 7K S B B AU 0 A i R R L RO AL LA
R ER LR 28 B B AR R BURSF . 5 1 2K Sl
NBTIZRIES; e 1] 5 =TTk /NR S HA
TR A R b DX, T 1999 A FE 5 St A IR
B I PR B B D R G b BRI 3 L 3 2K ST i AR
R R B R 5 B 2 2K Sl Ry 6L T A 9
=2 PH R W L, AR I e R R I R JE A
28 M DN AR X b N 2630 2l sik BE A, Uiz Ak
XoF A48 VAL B ) 5 T K 5 AT R 9 Y 4 A4S K S
553 JOK 30k 1% X I K T, K BT IR AR LA
IR AR e A N Bl i Ay i B S A O 4
KOs B,

RG2S 0 I A WA 12 s, Horp 20 (8 =
IACERE 1 MK, R G RPAUR 2 KX, 2%



5% 2

1o T G A T U S AR Ok AR A R % 5 R PR 0 9

O RAKRE 3 28HIX . BAORTE B T R
12 A E RSl 30 3 0655 1 JEBRAL T 3
7 U7 B R T 2R Sk T 493 A L FE AR oK SO 8 T B A
B R XU R T B R U IR T
R385 2 oK STl g 22 N R W L 21Xt 2 38
ML BT IR = 5 BT b i Y T A X LS
042 A A R 2l M LA/ s 5 3 K Ll T
TR AL 3 9l DX, RS A A e K R A X B
L%, B SRE, 3 JEOK SC U AE A5 (8] 43 A B AR
i K SCRME BAT 1 35 22 5%

20
— FERKH

16 - — E2HAEHL
- IR L
:ﬁ- 12 — EWARRENKEE
K
&

& fr

B11l BEPLEEATRIVNEREBEELE

Fig. 11 Comparison of measured runoff velocity between

various centers and the main stream of the Yellow River
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Table 4 Slope change rate of cumulative amount of runoff,

precipitation and temperature in each influence period

Ihf Bt ARB  BHE CHE
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ME/(mmea ") 2433.80  2520.70 2718.80

ERMKE R/ (nmea ) — 86.90  285.00
B % — 3.60  11.70
BR/(Ceah) 144 1193 12,02

ZRA R A/ (Ceat) — 0.49 0.58
B % — 4,28 5.07
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Table 5 Contribution rate of climate change and human
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Fig. 15 Average water consumption in different areas of the Yellow River Basin
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Table 7 Decision coefficient R* of the model

R | & R | Al R

2005 0.7981577| 2011  0.8503473| 2017  0.8887011
2006 0.7108895| 2012  0.8243623| 2018 0.9077321
2007 0.7840702| 2013  0.8257810| 2019  0.8848699
2008  0.8683504 | 2014  0.8234235| 2020 0.8669365
2009 0.8949746| 2015 0.8117426 | 2021 0.8615766
2010  0.8817131| 2016  0.8370375| 2022  0.7981577
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Fig. 17 Comparison chart of measured runoff and predicted value of 6 hydrological stations from 2005 to 2022
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