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Abstract

The Yellow River is the second largest river in China and the river with the highest sand content in
the world, and its rich water resources and hydroelectric resources provide an important guarantee
for the socio-economic development of the Yellow River Basin. In recent decades, due to the influ-
ence of human activities and climate change, the water-sand characteristics of the Yellow River Ba-
sin have changed to a certain extent. The mechanism of the evolution of the downstream section of
the Yellow River is complicated, and the degree of water-sand change is unevenly distributed in
space, and there are many factors affecting the change of water and sand data. In this paper, we use
70 years of sand transport data from the Luokou Hydrological Station, apply mathematical and sta-
tistical methods to analyze the multi-year trend of sand transport, and introduce the climate influ-
ence factor to study the multi-scale change characteristics of sand transport. The analysis results
show that the change of sand transport in the Shandong section of the Yellow River shows obvious
trend and periodicity, the sand transport in the past 70 years shows a process from decreasing to
slowly increasing, the sand transport is more obviously affected by macro-control, and the medium
and high frequency modes of monthly sand transport have high correlation with ENSO, which indi-
cates that the extreme climate is related to the overall fluctuation trend of sand transport in the
Luokou Station to a certain extent.
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1. 518

ZARRSMEARFI ARG IR, TR EK . BN, TRERm R IEHRE, SHas
TEREANNAT B H 3 AR Al 1™ B A A MR [1] [2]. 2o M Wi AR A AR AL M D 2, X s W i
SAEEE R R B R R F TR AR K A EEZ L, HTRERGRE - NEENFENARS, R4
B XIB 2 AR ZKIR . RE R MR RIS [3]. S0 i AR R A B, 2 SR AR R K
BRI, 3 TS ABER A B Sk 2 BT BT S A I PO AR R 5 L B 3

B 4K 5464 km, PRI 79.5 73 km?e 3R 7K ST SR IR R U A0 — A A K 7R
AKICHE, BRI 278 km, 5% 99% IR A o UK K S A7 T A A FERRIR AT XS, W AR AL,
PR RN 308.2 12 m? , SE KRR N 948.0 12 m® (1964 4F), FE it/ MR RN 44.16 12 m* (1997
), T EIHID RN 6.46 14 t, SRR RN 21.5 12 t (1967 4E), i/ NMarvb &N 0.434 12 t(1997 4F),
IR

PR SR 5 F 5 I A0 = AT R 4 7R R OKFPE X 35(0°S~10°S, 180°W~90°W 2 [1]) -3
MK SST Fr2: BB M IEFESFIE,  Fpaimt [RI7EF4F DL EIFR A A El Nino S, 47818 4K
[X 38, SST #4558 1 FUBE P WU FR % 4 T /2 El Nino 34, X#%N La Nina 4. 5 El Nino —i&[A
i s 3R 77 3% 8 (El Nifio-southern Oscillation, ENSO) & $i g AT Al 2 AF 3 1P T <R AR & =ik
A H LA 4], BN R SE RS B R AR R G B 5, R 5 KA AR & 14
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ZAER, RZ2EFX ENSO FHE 5K KD 7 41 g2 ma t il 7 R E MR 7L TAE . ARIR AW 5 R KT
JRIXIE 40 fER I E S ENSO REAEA/E RN AR . A RAAHASAAS 5] TKERSFEE EMD 20 f#7r i I
KIT NG H ¥R S PR R A B M) HAl, XTARN ENSO S04 1w M 58
B HA, AR BT T OCTE A5 AR 0] B VAT N Vi v B s e B L RINLEE o AR SO 2 RO 4 A
FB, WEFCER DK SCuE 2 b AR, FHRTT B R sy &5 ENSO Fmd RIRFIE, 15 7E A ST
IR TAESR LRI 248 3

2. WiEKREEART
2.1. BUEXRIE

B AV B RO SR BEORTR F 7K SC )l 1952~2021 43601 70 F b R BRE, BORMRE RS, BAR
UFHIAR TR, AERE 20 N B A] RIS A RRAE , B SRR T B KR 2R 2 2 AR SOK B .
T-HAE ENSO HIfabrik 2, A SCHEREUAEJE 7% H5%(Oceanic Nifio Index, ONI/E A 7T HE R, ONIZH %R
XFEE Nifo 3.4 [X(5°N~5°S, 120°W~170°"W) IR IR FE 1) 3 N H M 3PFIIE . WF A5 R N 2
[ SRR R B R (NOAAY S AR T H Ly

22. ARFGZE
AT K Mann-Kendall i # F19845 081, EMD 43 Fll Pearson & PEAH <.

2.2.1. Mann-Kendall #3618 3%
B—FRFIN X, (t=1,2,,n, n NFEHKE), &GRS N:

n i-1

S = ZZsign(xi -x) (1)
i=2j=1
A sign(0) N5 EREL
1if >0
Sign(#)=10 if 6=0 @)
-1if <0

Hn=100, SEitE SIERRMIES AT, HIESp Ak gtitg& z A5
S-1

if S>0
n(n-1)(2n+5)
18
Z-= 0 if S=0 3)
5+1 f $<0
n(n-1)(2n+5)
18

Z NIEEFR R NG, 2 NOERREDES, 27 AEERTET 1.28. 1.64. 232, FIR
Ay TSR 90%. 95%. 999%[H) ik 3 A B[ 7] -

2.2.2. EMD 43¢
eI RS 0 i (EMD) Sk 1 I R SE it b X AR PR 5 AT P AR A B I A, L2003 M i B A1
K SR LRI 18] 7 513Z 20 5 gk o LA AN RIS ) RO A ASAE A B £ (IMF), S EMD AT DA 7R 22 I 1) RUBE R A5
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SEAIREN, EEAE S P rHARI I AR AT S5 B3 .
HARTHSOPRBH 0 E
(1) B REARI SN XD, B SR IRENZ T S R AR SR B/ R = R il 2
AT BB O Xma(),  TFR BN RSN T AL (D).
m (1) = Zoex () e (1) @
(2) FIRGERH x (09 25 T4 2 mu(t), 193] ha(t).
(3) M IMF BI5E S0 X QTR S, B ARF G, WHRECEER(L) IR hy (O AR AAR TE P51, &
RV EHEP IR, ERRE kX, A:
hk (t) =hk —1(t)—mk (t) (5)

(4) HIELEFH X2 cu(t), 1FBIRI ru(t).
(5) 1 rnWAEF R A, EREDIERQ)BILZIEREG), BREFM IMF & co) IR ra(t), 1P
JR(5), 133
n(t)=r(t)-c,(t)
r(t)=r(t)-c(t)
(1) = (t)-c, (1)
2 ra(Y) B BB JE A2, I 2 TR R T FEE IMF 43 &, X EMD 3845

2.2.3. Pearson £ iEE R H
Person £k 1A ¢ REGE IR [ — W EE 2N T FIAH G R 7%, KRB T[-1, 128, & RECN 7
B, WRAERL, FRECVIER, WRIEMER.

cov(X,
p,, = V) @
0,0,

(6)

3. KRENH
31 BREN M-KREBERSSH

KH M-K &3 Bk ik Ft 1952~2021 43k 70 4F AR IR B R 3T R E VRS, X 4F ROBER 8] F7
HIHEAT I AT SRV, R PRGBS I YT AL, SRR, A E
Mt 2.32, i 99% R E VRN BIEEAL: HULEmvyE R IR 1N EE .

3.2. WV EH EMD ZBRE 5

SR 13 1952~2021 4F H b &7 50T b, T8I SIS (EMD), B8 H#b IS 7 A
IMF 73 AR AR HTOCIE R), & IMF Zr & AEA IR WA 1. Gl 7 @3 201 IMF 788 R
ST, HRIGRNE 1 PR, WNEPE LR, SR IMF2 &5 E R, T ZETTERE N
52.9%, N IMFL 738, J7 Z 0Tk AN 28.8%. b IMFL 7 & B A4 1a k), P
BEE IMF S 3G hn. R /& B i Db b & 0 e Rt 2, A 1952 PR BIA R R
BRitash, #2002 458 TS

DOI: 10.12677/sa.2024.136209 2165 gt 5N A


https://doi.org/10.12677/sa.2024.136209

HE, X BE

— WFi , —— 1INF3
A
4r
+ 2k + +
= Poier 50 M“ el - M ﬁ o
o ! ! il i i (AIreYT
gﬂo Wl M WNMW pjlWM - ng)ﬁ . ‘h U‘ {\ M “"\“ H/,m J\""\ @o / M m 1 o
&, €| b
Ll ol
6 » 2(‘)0 ) 400 660 ) 8(;0 ' 10‘00 0 ' 260 400 600 ) 84."!0 ' 1(;00 = 6 260 ) 400 660 ' 800 ' 10‘00
. R/A — R H/A — s A/A —— IMF6
+ 1r / + +
S S Al S
= ‘ m T X = AN ~ - -
=T —B & /| /
e L a0 2
f'ﬁ ‘J = U fé
-1
2, 200 400 60 80 1000 e 400 60 80 1000 Ty 200 40 60 80 1000
H/A —IMFT H/A R H/A
1r 2r
< <
o i o
o g L o
2| 2
€ ®
= (; 2(‘]0 400 6(;0 84‘]0 1060 0 0 260 400 660 860 1(;00
A/A A/A

Figure 1. EMD decomposition of the annual sand transport sequence at the Luokou Station
1 IROuEERIPEF5] EMD 2

Table 1. Statistical characteristics of decomposed components of the annual sand transport series at the Luokou Station

= 1RO ERI FI S R E S BRSITHHE

T
B ,
J7 ZE TR (%) T4 39 (a)
IMF1 28.8 1
IMF2 52.9 2
IMF3 11 2
IMF4 4.4 5
IMF5 16 6
IMF6 0.9 14
IMF7 0.4 23
a4 - -

3.3. ENSO B EMD &R 544r

X+ ENSO 5207 41 3t47 EMD 73 fiR15 3 8 4~ IMF = AR R @B IGEE R), WK 2. HH IMF1~IMF3
HIE B B Sr A0 0.7a, 1.2a F1 2.2a, FZDTRAR di bk 78 8.4%, 23.9%, 26.7%, b1k & m 2
IMF4, 5 26.9%, “F#EWE 4.7a, W& 2.
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Figure 2. EMD decomposition of ENSO exponential series
B 2. ENSO ¥ 55 EMD 43#%

Table 2. Statistical characteristics of the decomposed components of the ENSO index series

3 2. ENSO 15 8UF 59 a7 BV ITHHFE

R
s ‘
75 % TR (%) 4 (a)
IMF1 8.4 0.7
IMF2 23.9 1.2
IMF3 26.7 2.2
IMF4 26.9 4.7
IMF5 5.8 7.8
IMF6 4.4 14.0
IMF7 25 35.0
IMF8 14 -
2 : :
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3.4. ZREE ENSO IEHRHE XM

NTRNRD ZH R R R, WA LI 5 1) ENSO 23 8K 1136 F b & 7 B HEATAH
KAEDHT o

Table 3. Correlation coefficients between sand transport and each IMF component of the ENSO index

5% 3. WP E5 ENSO 53 & IMF S EMRX R

ENSO 5%
VEE 1
IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 IMF7 IMF8 R

IMF1  —0.071  0.088 0.059 -0.010 0.026 —0.005 0.008 0.002 -0.011
IMF2  -0.012 -0.167"  —0.047 0.020 -0.028  —0.019 —0.001 0.010 0.025
IMF3  —-0.050 -0.080  -0.093"  -0.054  —0.005 0.009 —0.004 -0.018 -0.009
IMF4  -0.019  -0.008  -0.170" -0.212"  -0.067 0.021 0.142"  -0.106"  -0.125"
IMF5  —-0.017 -0.021  -0.170" -0.125"  0.034 0.033 -0.057 0.046 0.107*
IMF6  0.031  -0.038 0.003 -0.028  0.329"  0.254"  -0.023 0.094™  -0.012
IMF7  —0.003  0.002 -0.035 0.045 0.115*  0.148™ 0321 0217 = 0.253"

R -0.014  -0.019 —0.030 -0.050  0.096™  -0.135"  0.126™  -0.328"  —0.980™"

VE: FoRP <001, MHEMERE,

MFE 3 ATH, B AV H IMFL 4355 ENSO &3 W B IAHC R R, HAR o &35 I M .
B0 B R B N R AT &, AHOC R EME N-0.980, RIUNI R AAMIKEKR; HIKE ENSO
() IMF5 238 54EMVH) IMF6 208, M5etE N 0.329, SIHEHIIEM>, HHVbH IMF5. IMF6 7> &
L ENSO a5t &0 AFIE 4 NMHEAIR K R, FRABK =5 KE 5 B A BRI, iR
R ERJE U - B3 ENSO a3 Uk 1k (b & BBk s A A — @ MECR .
4. G5iE

AR Mann-Kendall 656 F1ZE 5GBS 40 Al 738, ST R IR 1 7K S8k 70 4510 A fanvdb & 50
HAT T30 ARFE A HTRT AT, RISV DE A 1952 i 2 T, % 2002 212 LT, X5 K1E
YOI RIS R/ INRE /K B A DL (1 TR 7K T 0 o ik 11 Sl PR b e e S i B o ATk
E, HEME/RIEHE - B 75 ENSO FaEURABLAS (1 DTk 26 o5 LL ki 50%, AEAM 7 EFE ST
PR F AR . WAEDROGR FoRE, RIS A &5 0/RIEE - BT V8 ENSO JREU71E B B[ AH
Kb, Ho A BN RS 5E/REE - F§J7 3 ENSO USSR, K2 RILFUAHE
%, YLHJE/RJE T - B 775 ENSO FRES Uk 5k (b B R A Bk s 4 A —E MR .
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