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from 1980 to 2023 in the study area
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1 Correlation analysis of groundwater level depth and annual rainfall from 1980 to 2023 in the study area
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BETA] K R B A2 B R AR e R
BRI NI FEAZ FROK IR H KR
K RN O R ), R, 2590 T 3% X R 7KK
AR B TR R AT IR S TR, T /K o7 R R R
FRT A Rz — .

4 %

(1) 2GR AT ST X N 1980—2023 4Rk &% 2
R KK, SRR C & . 2010 4FE Z R JZ ML R /K
H AR, FEAZFERT S ; 2010—2020 4EAZ i R

TR RSN JE HL R K K7 2 R 2020—2023
FEIIFGY DX PN 7R 2 T 7K KA 33k [ - | 2 2 a7 o o
-5 HF /KR

(2) TR EIR 2 R K2k 32 3535 4 45 B
B AT A2 R KK AR R AN, TR
HMINE JZ b 7K 7K A5 52 55 R 5 e 3553 1] - 4 Il 9
WS BQRZH T ARG B TR 3 m, i, 52
VRIZHL T 7K AN [ s A B8 0 InT AN ) B 2 K A AR Ak
() E R AR 2T K KA 2 R 2

(3) FagRf & 60 1 6°H /s R s, B
HOAVATIE 2 REE AL, BT 2 N o V2 H R K
#NE 1Y) 80% LA LB/ NE 50% LA B B G
B2 52 Ml /)N

3 % L HRK ( References) :

(1] B %, XIS, B A, 5. OB A8 s AL o [ 1]
K SCHY BT T AR BT ,2002,29 (1) :42 - 45.

Wei C X,Liu H L,Huang D C,et al. Study on the formation and
evolution of the hanging river of the Yellow River[ J]. Hydrogeolo-
gy & Engineering Geology,2002,29(1) .42 —45.

R EE AR EIREMS, S5 BT K I R K R 45 3 F
MR TE [T]. AN RBTRT,2003,25(1) .3 - 5.

Zhao Y Z,Shao J L, Yan Z P, et al. Preliminary study on ground

(2]

water supply range on both sides of the Yellow River[ J]. Yellow
River,2003,25(1) :3 -5.

KA R TR R A BT 3 A A K R —— BT
TUEMEX A S L S IR BT S 2 = ()] N RET, 2018,
40(9):1 -4.

(3]

Zhang J L. Study on ecological water volume of the Lower Yellow
River based on perched — river characteristics ; “ Study on ecologi-
cal reconstruction and management of the floodplains in the Lower
Yellow River” (III)[J]. Yellow River,2018,40(9) ;1 —4.
XUE B KNSR L, S5, 0T I AR A ORI R e kR
TRAFRRBRK [ )], AR ,2020,42(9) :6 -9.

Liu C M, Liu X M, Tian W, et al. Ecological protection and high —

[4]

quality development of the Yellow River Basin urgently need to
solve the water shortage problem[ J]. Yellow River,2020,42(9) .
6-9.

R, IR T T . 5 T R R R B YA AR
Beffdr [ 1]. BHEF42,2020,38(14) 109 - 115.

Dong Z F,Qu A Y,Ji Y Q. On ecological environment protection

(5]

of Lower reaches of Yellow River with high — quality development



vl KRR, A

1980—2023 4FHEIA] | it Beyk )2 Hh T KoK 437 8

ALY - 91 -

[10]

[11]

[12]

strategy[ J ]. Science & Technology Review,2020,38(14) :109 —
115.

B, 52 AV, AF. T g A 5 B W A R K PR R
AL T]. i T A ,2025,12(1) :109 - 119.

Ma M K,Ma M,Gu Y, et al. Analysis of groundwater environmen-
tal background values in the Yellow River lateral seepage impact
zone in Henan Province[ J]. Geological Survey of China,?2025,
12(1):109 —119.

o W15 % I FANC S s o T I W13 A i 8 A GE S-S
AHFAELT]. KR4 2003, (4) 190 -93,100.

Zhao Y Z, Shao J L, Jiao H J, et al. Basic characteristics of

groundwater reservoirs of the affected zone along the Lower Yellow

River in Henan province[ J]. Journal of Hydraulic Engineering,

2003, (4) :90 -93,100.

St E SN, I3/, S (R AL R EOR 78 BT R KA
BN BT R BT [ 0] MO 2 MR B i

2004, (3) :399 —-404.

Ping J H,Cao J F,Su X S, et al. Application of isotopic technique

in the research of the affected range of lateral seepage of the

down - Yellow River water[ J]. Journal of Jilin University ( Earth

Science Edition) ,2004 ,(3) :399 —404.

IR, IR, BT AL, S NIRR K R IZ AT B W4

SUMRIE R e % R KBRS A S e [ 0] b [ M ST, 2021,

48(6) :1669 - 1680.

Su C,Zhang X Q,Fei Y H, et al. Lateral seepage scope of down-

stream of Yellow River after the operation of Xiaolangdi reservoir

and its impact on groundwater environment[ J]. Geology in Chi-

na,2021,48(6) :1669 —1680.

R KT . 1999—2023 [R5 & K BHR AR [ R]. WA

JKFIT 1999 —2023.

Department of Water Resources of Henan Province. Henan water

resource bulletin[ R ]. Department of Water Resources of Henan

Province , 1999 —2023.

NI, EFIFT, BB, B R (R BL) AR Ak ik

FUHEBFFE[ 1], AR 2021 ,43(12) :91 -99.

Sun L, Wang L. L.,Cao W G. Evolution of groundwater hydrochem-

ical characteristics in the influence zone of the Lower Yellow River

in Henan[ J]. Yellow River,2021,43(12) :91 —99.

g, e, Fak % W T KO sy = /T R S ki

WEoEE ()] . K SCH BT TREHLIET 2021 ,48(2) :27 - 36.

Liu X,Zuo R,Wang J S, et al. Advances in researches on ammo-

nia, nitrite and nitrate on migration and transformation in the

groundwater level fluctuation zone[ J]. Hydrogeology & Engineer-

ing Geology,2021,48(2) :27 -36.

XM TR, BROCHE S BRI b R s Eh Ak AR S

IRAE IR 55 KA = KA PR AR [T K SCH 5T T AR M5

2022,49(5) .42 -51.

Liu P F,Zhang G H,Cui S J, et al. Threshold value of ecological

water table and dual control technology of the water table and its

quantity in the salinized farmland around wetland in arid areas[ J].

Hydrogeology & Engineering Geology,2022,49(5) .42 —51.

[14]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

SeUtIgE | S, L RS PR A TR R S R
JELT]. v E M A 2021 ,8(1) <1 —12.

Nie H F, Xiao C L, Dai M, et al. Progresses and main achieve-

ments of ecogeological survey project [ J]. Geological Survey of

China,2021,8(1) .1 —12.

Xae Bk 1 A 4 2010—2018 4P E AL Oy b BT

AT )] e E R A, 2021,8(6) 125 - 34.

Liu J Y,Nie H F,Xiao C L, et al. Evolution of sandy desertifica-

tion in North China from 2010 to 2018 J]. Geological Survey of

China,2021,8(6) :25 -34.

RAE T, BR S AL P, A o 3R WL A BB Y
J[J]. srEARAS AR 7J<EE,2023(6) :202 -208.

Zhao Z Z,Chen J S,Peng E R, et al. Research progress on soil

=
32 ;T{

salinization and management[ J]. China Rural Water and Hydro-
power,2023(6) :202 —208.

TIZEAG  EIRR, XA, A5 51K RM R TR X B8 15 YT i el b
TOKANMARCREANT[T]. P EHF A ,2020,7(6) :86 - 95.
Wan ] W,Wang M Z,Liu Z T, et al. Analysis of the effect of water
diversion and source supplement project on groundwater recharge
in Daixi River Basin [ J]. Geological Survey of China, 2020,
7(6) :86 -95.

BT[] gk B A5 BT R i RS T B oK - b
TORXHEHIE A2 [ D], /K 3C,2024 ,44(3) 30 - 35.
Cui X X, Zhang X Q,Tian X, et al. The influence of surface water
and groundater on wetland conditions in the typical suspended riv-
er reach of the Lower Yellow River[ J]. Journal of China Hydrolo-
2y,2024 ,44(3) .30 - 35.

725, B s 2 VLD JRPY 3 = FLER K K SCH Bk 1k
SERHIELY ] E B A,2019,6(5) 36 - 42.

He J,Xiao P, Peng K, et al. Hydrogeochemical characteristics of
the shallow pore water in western Jianghan Plain[ J ]. Geological
Survey of China,2019,6(5) :36 —42.

XATRL 2R o < 42, A P ) It 3 b T e b DX K Ak 2
Kt FeoK - M AKEEALSE R [ )], IWARBHL RS H
SRR ,2020,39(5) 10 - 20.

LiuJT,Li Y Z,Gao Z ], et al. Hydrochemistry and relationship
between groundwater and surface water in the Middle and Lower
reaches of Lhasa river Basin[ J]. Journal of Shandong University
of Science and Technology ( Natural Science),2020,39 (5):
10 -20.

ZEN, AT, R AR, A5, DS I Rl 3R OK 5 R K TR
B ZSHRMEFTL T]. /K SCH R TR 5, 2021 ,48(4) :48 - 54.

Li G,Ma B H,Zhou Y X, et al. A study of vertical exchange be-
tween surface water and groundwater around the banks of Baiyang-
dian Lake [ J]. Hydrogeology & Engineering Geology, 2021,
48(4) .48 —54.

B SRR, T, A5 T AR T I B 3K 1 AR s AR
SR EHr[ 1], 7K 30,2024 ,44(5) .92 -98.

Bao Y,Hu C C,Wang Z et al. Spatial — temporal changes and influ-
encing factors of surface water in the Yellow River Basin in recent

10 years[ J]. Journal of China Hydrology,2024 ,44(5) :92 —98.



- 02 . o o O & 2025 4F

Evolutionary trend of shallow groundwater level in Kaifeng section of
the lower Yellow River from 1980 to 2023
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(1. Institute of Hydrogeology and Environmental Geology, Chinese Academy of Geological Sciences, Shijiazhuang Hebei 050061 ,
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Abstract: Kaifeng section in the lower Yellow River exhibits obvious characteristics of a suspended river. The
Yellow River lateral seepage and anthropogenic activities have contributed to ambiguous groundwater level trends
and complex influencing factors. The 40 — year evolution patterns of shallow groundwater levels along the Yellow
River in the study area were systematically examined, and intra — annual hydrological dynamics and primary driv-
ing mechanisms were analyzed. The results showed that shallow groundwater level along the Yellow River was sig-
nificantly positively correlated with rainfall before 2010, and the groundwater level decreased significantly from
2010 to 2020, mainly due to a significant increase in extraction. And the shallow groundwater level showed a fluc-
tuating upward trend after 2020, due to the influence of heavy rainfall and groundwater exploitation reduction. The
lithology of the vadose zone along the Yellow River is coarse, and rainwater quickly replenishes the groundwater,
resulting in a significant rise in shallow groundwater level outside the Yellow River embankment during the rainy
season. While shallow groundwater level outside the Yellow River embankment drops significantly by 3 m during
the irrigation period. Shallow groundwater level on the inner side of the embankment is mainly affected by the lat-
eral seepage of the Yellow River, and the fluctuation of the groundwater level is generally consistent with the fluc-
tuation of the Yellow River water level. Based on the stable isotopes of 80 and 8°H, the lateral seepage of the
Yellow River from the river channel to the outer edge of the embankment gradually decreases from more than 80%
to less than 50% of the groundwater recharge, and the influence of the lateral seepage of the Yellow River decrea-
ses with distance. This paper systematically identifies the evolutionary trend of shallow groundwater level in the
lower reaches of the Yellow River, which is helpful to improve the utilization efficiency of groundwater resources,
and promote the ecological protection and high — quality development of the lower reaches of the Yellow River.

Keywords: shallow groundwater; rainfall ; lateral seepage; evolutionary trend of groundwater level; lower Yellow

River
(RERE: E8)



