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Abstract: This paper is the result of groundwater survey engineering.

[Objective] The study on the temporal and spatial law of groundwater under changing environment is helpful to the fine
management of water resources and the guarantee for regional water resources security. [Methods] Based on the rainfall data of
typical weather stations in the Huaibei Plain from 1953 to 2019, the wavelet analysis and M—K test method was used to study the
periodic changes and trend of rainfall on a multi— year scale. Combined with 395 national monitoring wells and groundwater
monitoring data, the principal components analytical method was used to optimize the evaluation of monitoring wells. [Results] The
results show that the rainfall in Huaibei Plain appears multiple temporal and spatial scales variation characteristics: The shallow
groundwater level has declined continuously in the northwest, while fluctuated greatly in the other regions; In 1970, 2003 and 2019,
the shallow groundwater level in the southern region decreased firstly and then recovered, and on the contrast, the shallow
groundwater level in the northern region increased firstly and then decreased; The groundwater level in the study area has generally
declined; And since 2000, the water level has somewhat risen; The 277 monitoring wells (221 water wells and 56 natural resource
wells) optimized by principal component analysis can represent the overall water level changes of 395 original national monitoring
wells. [Conclusions] The long—term monitoring data of the national groundwater monitoring project can well serve the evaluation
and management of water resources at the basin scale, but still need to be optimized and densified at the provincial, municipal scales
or key areas. The artificial observation in unified time period can also make up for this deficiency which should be densified in the
high hydraulic gradient areas such as both sides of important rivers and lakes, the north bank of Huaihe River, and the piedmont

plain in the northeast.

Key words: groundwater; water level dynamics; groundwater monitoring; wavelet analysis; M— K test; principal component
analysis; land use; groundwater survey engineering; Huaibei Plain; Anhui Province

Highlights: (1) The evolution characteristics and influencing factors of groundwater flow in Huaibei Plain were studied by various
statistical test methods. (2) This paper provided an evaluation and optimization method for monitoring network. The effectiveness of
monitoring and unified measurement network in Huaibei Plain was evaluated, and optimization suggestions were put forward.
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Fig.6 Real part distribution and variance diagram of wavelet analysis of precipitation in Bozhou Station
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Fig.8 The land use change map of Huaibei Plain
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F1AKFIEMHER D FHERG T (m)
Table 1 The principal component analysis results of monitoring wells from Water Sector(m)
it 20184F7K  20184FEAK  20184Ffn  20194F/KA7  20194Ff%  20194FEm  20204F/KAL 20204 20204F
PEEN KA IKALH WA KA IR B IR KA
Ko wAME 231 2.05 3.20 3.75 4.99 3.10 3.04 2.69 3.56
B RKME 43.94 43.54 43.43 44.55 4438 44.40 45.17 44.91 46.13
o CPBME 26.11 25.79 26.39 26.38 26.45 26.36 26.70 26.50 28.08
247 bpifEE 7.38 7.40 7.33 7.38 7.27 7.27 737 7.36 7.34
A P -0.05 -0.14 -0.11 0.09 0.06 0.05 0.06 0.06 0.01
Ko mME 11.89 11.79 12.30 12.19 11.92 11.24 12.35 12.37 14.04
Bl ROKME 43.94 43.54 43.43 44.55 4438 44.40 45.17 4491 46.13
P S L[] 26.42 26.01 26.67 27.01 27.03 26.47 27.17 27.06 28.35
221 AR 6.99 6.87 6.80 7.11 7.04 7.01 7.08 7.11 7.17
A lilica 0.10 0.04 0.08 0.14 0.09 0.13 0.17 0.13 0.09

RIFRIEACT AB 28K —FF R, M T KA IR R
FEZEFER RN, B ZHNEE AT RENEK
MR 2o Ak e 121 K IR A E Z &, 3—S5
HRA/NZ K& B N W EY T K 2 i
AT, 8—9 H IR K G | T KA K S , % st IR
K SN B, K0 DX T B R R K AT
WE o A T3 BT 9 Ry 3 b DX, mT LA [T K i A 7
BE, B3 R K A7 B4R T B B RAEYIE B K A B
T (HFERNASR R TR Z L F K EEHE,
52 KIUBETWL

HEJLFJi7 20 22 70 448 . 2003 4F-F1 2019 4 b
FAKEE AR L o A AR SEAR — 3, WAEBROK R, Hb
KA R A B R X A7
W IR ], HBmAL . XF H 3 MR K
W1 R KA AR A (1 12) 3 R K AR 70 AR08

1, 47K A7 26.89 mi; 2003 4F 26 47 s R ZK A7 3 VR F5
K, FBIIK AT 25.66 m, B AR 70 A T 1.23
m, HA g e b B M B N L, AR
PIBH B A M AT — A B TR [ RR B K
DB TE, X o R R BB T DX K S e W A
oAl X 38 i 22, bR 7K SR AR Rk 2 5 B S T 7k
A AR T S K R AR 25 K
#2019 AEAL Kb T 7K K714 25.94 m, EFH2y
0.28 m, Horhmg g b B M B A B e dbih B
iz L0 B A A s B [, TR0 BH i P —5 1 B
NIRRT B, ) b R T i i B KA T o DX g R 5
HA X 35l P 20, bR KRR AR R 38K A b i
A6 R 8 DX gt K KA S B SRR A R
AR 43 X sk b T 7K K A7 5 B G T v TR A
fiE, 32 22 PRS2 g b R R e A9 S [ D 00 B e 34 AR

R2 BARBENHAER S D ERSE (m)

Table 2 The principal component analysis results of monitoring wells from Natural resources department(m)

Gt 2018 4 2018 4 2018 4F 2019 4F 2019 4F 2019 4F 2020 4= 2020 4 ?ozoi
KALPEEIH KA WOKA KAZBEn OKG mORAON KALBEN ROKA moRALY
HAR  f/ME 5.38 6.24 6.54 2.89 2.06 1.42 0.76 0.35 1.11
PR BOKME 43.88 42.95 43.72 44.08 4291 43.77 44.09 43.76 4521
Pl 24.03 24.05 24.64 23.58 23.46 23.52 22.87 22.24 23.69
148 hRifEz 7.58 7.42 7.52 7.87 8.12 7.87 7.72 7.88 8.05
N W 0.03 0.01 0.01 0.09 -0.10 -0.02 0.07 0.04 0.00
e /M 12.21 12.47 12.76 11.74 11.63 11.10 11.74 11.16 13.00
(ﬁﬁ WAME 3625 36.40 36.76 35.34 35.34 35.12 35.10 35.20 36.06
St 56 SPEME 2367 23.74 24.13 22.82 22.98 22.67 22.57 21.26 23.12
A PRt 72 7.45 7.35 7.39 7.38 7.50 7.44 7.26 7.47 7.40
it £ 0.16 0.18 0.16 0.20 0.18 0.15 0.21 0.20 0.19
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Fig.9 Standard deviation distribution map of national monitoring points before and after PCA method optimization
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Fig.10 The standard deviation of water level during dry season in Huaibei Plain (monitoring points and measuring point after
optimization)
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35 1 IFER L BT A — R — ok R —ar R
30 1 TIX 252 Z8 4 IR L 0B Ry R A T 3k X
f'é 25 1 BT /NE R KA LT IX, KA b T B — AN
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Fig.11 Groundwater exploitation in different periods of 1)% /J\ , {E}%J /ﬂ);ﬁ ngﬁ Z , Z{v{ tﬁy\fg% .
Huaibei Plain (2) LT J5E R 4 0 £ 738 Al , A s s e i
FH M3 0 AR 388 0 L A s in 4, elcAR T Ml K S
3 2018 FEIL RIS (T TAFRE Ko W /K AG FRRRAE 5 A ik R BRI AR AT
Table 3 Groundwater exploitation in major cities of B R 2 S S 1) T 9 A% B 15 T K B A
Huaibei Plain in 2018 T DRI
T W B A2 2R AE 38 V)R A | e 4 R e o A Y
RIEITRE ! WEITRE ! SURN
Uz m®) 1% A) 1% ﬂﬁ?ﬂ(fﬁ%{ﬂ!ﬂlﬁi?‘ . o o
eIk 1.9 64.19 0.13 439 A SR K Wi B0, RTORS 20 221 15— B B
2l 5.09 73.34 1.85 ST I N (@877 & o (18 | o 9 L N 5 v D s ER R IR |
BT 5.94 77.65 171 2235 PN T e —Hr AR 0 LA~ IR A K TR
TR T 2.13 87.30 0.3 12.30 AT
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Fig.12 Variation chart of shallow groundwater level in Huaibei Plain

http:/geochina.cgs.gov.cn H1[EHBJFT, 2022, 49(6)



1790 i [

b J 2022 4

(4) EZ b F AW T AR B Ak S T
R AR ) v BEEESS , K ] L SR BEUR S A AR R
B =R A AR AU A5G A A IEE
HE— 25 AT A W A AR Ry o AR SOl AR T
— PP A A D i, BISRFH PCA PR BLAT Wi )

K BE , SR B TOAY , AR AR B XA 77K A5z 5 D b
Foak B T AW A R A A =
Ko

References

Ahmadian M, Chavoshian M. 2012. Spatial variability zonation of
groundwater—table by use geo—statistical methods in central region
of Hamadan province[J]. Journal of Annals of Biological Research,
3(11):5304-5312.

Ahmed Waqas, Zulfigar Ali Rahimoon, Carlos Anthony Oroza, Salman
Sarwar, Abdul Latif Qureshi, Jehangir Framroze Punthakey,
Muhammad Arfan. 2020. Modelling groundwater hydraulics to
design a groundwater level monitoring network for sustainable
management of fresh groundwater Lensin Lower Indus Basin,
Pakistan[J]. Applied Sciences, 10(15):5200. https://doi.org/10.3390/
app10155200

Chen X, Hao Z C, Dai M L. 2016. Danimic analysis of shallow
groundwater in Huaibei Plain[J]. Journal of Anhui Agriculture
Science, 44(28): 73—76 (in Chinese with English abstract).

Chen Xiao. 2019. Study on Evolution and Prediction of Groundwater
Depth in Huaibei Plain of Anhui Province[D]. Hefei: Anhui
Agricultural University (in Chinese with English abstract).

Cui Linfeng, Yang Xue, Chen Bangsong, Li Haitao. 2019. Optimum
design of regional groundwater level monitoring networks in
Wauhan[J]. Ground Water, 41 (4): 33—36(in Chinese with English
abstract).

Gocic M, Trajkovic S. 2013. Analysis of changes in meteorological
variables using Mann—Kendall and Sen's slope estimator statistical
tests in Serbia[J]. Global & Planetary Change, 100(1): 172—182.

Gong Jianshi, Wang Hesheng, Li Liang, Zhou Kai'e, Ye Yonghong,
Zhu Chunfang, Xu Naizhen, Tao Xiaohu, Tan Mengjiao, Shu
Longcang, Zhao Guizhang. 2021. Groundwater resources and
development potential in Huaihe River Basin[J]. Geology in China,
48(4): 1052—1061(in Chinese with English abstract).

Guo Wenxian, Li Yue, Zhang Ling, Zhao Rongsheng, Wang
Hongxiang. 2019. Analysis of annual runoff and sediment variation
and driving factors at Yichang Station in Yangtze River over 60
years[J]. Journal of China Hydrology, 39(6): 69— 73(in Chinese
with English abstract).

Janardhanan Sreekanth, Dan Gladish, Dennis Gonzalez, Dan

Pagendam, Trevor Pickett, Tao Cui. 2020. Optimal design and

http://geochina.cgs.gov.cn H[E i

prediction— independent verification of groundwater monitoring
network [J]. Water, 12(1): 123. https://doi.org/10.3390/w12010123

Jiang Yuehua, Lin Liangjun, Chen Lide, Ni Huayong, Ge Weiya,
Cheng Hangxin, Zhai Gangyi, Wang Guiling, Ban Yizhong, Li
Yuan, Lei Mingtang, Tan Chengxuan, Su Jingwen, Zhou Quanping,
Zhang Taili, Li Yun, Liu Hongying, Peng Ke, Wang Hanmei. 2017.
Research on conditions of resources and environment and major
geological problems in the Yangtze River Economic Zone[J].
Geology in China, 44(6): 1045—1061. (in Chinese with English
abstract).

Janez— Ferreira H E, Herrera G S, Saucedo E, Pacheco— Guerrero A,
2019. A.Pacheco— Guerrero. Influence of available data on the
geostatistical—  based design of optimal spatiotemporal

groundwater— level— monitoring networks[J].

Journal, 27: 1207—-1227.

Hydrogeology

Lei Kunchao, Luo Yong, Chen Beibei, Guo Gaoxuan, Jia Sanman, Tian
Fang, Zhou Yi. 2016. Optimization design of land subsidence
levelling network of Beijing Plain[J]. Geology in China, 43(4):
1457—-1467 (in Chinese with English abstract).

Liu Zhizheng, Wu Xiaodong, Lin Hongxiao. 2010. Kriging
interpolation model and its application in optimization of
groundwater level monitoring network[J]. Yangtae River, 41(9):
14—17(in Chinese with English abstract).

Machiwal Deepesh, Mishra Amit, Jha Madan K, Sharma Arun, Sisodia
S S. 2012. Modeling short—term spatial and temporal variability of
groundwater level using geostatistics and GIS[J]. Journal of
Natural Resource Research, 21(1): 117—136.

Song Ge, Huang Jinting, Ning Bohan, Wang Jiawei, Zeng Lei. 2021.
Effects of groundwater level on vegetation in the arid area of
western China[J]. China Geology, 4(3): 527—-535.

Sun Fangqiang, Yin Lihe, Jia Wuhui, Zhang Jun, Wang Xiaoyong, Zhu
Lifeng, Zhang Xinxin, Tang Xiaoping, Dong Jiaqiu. 2020. Soil
water movement and deep drainage through thick vadose zones on
the northern slope of the Tianshan Mountain: Croplands vs. natural
lands[J]. China Geology, 3(1): 113—123.

Wang Faxin, Bai Ju. 2014. Distribution characteristics of shallow
groundwater depth in huaibei plain[J]. Ground Water, 36(5): 51—-53
(in Chinese with English abstract).

Wang Guiling, Zhang Wei, Ma Feng, Lin Wenjing, Liang Jiyun, Zhu
Xi. 2018. Overview on hydrothermal and hot dry rock researches in
China[J]. China Geology, 1(2): 273—285.

Wang Haojie, Zuo Qiting, Luo ZengLiang. 2017. Runoff evolution
characteristics of a typical station in Shayinghe River basin and
attribution analysis[J]. South to North Water Transfers and Water
Science & Tenchnology, 15(5): 36— 42(in Chinese with English
abstract).

Yao Rui, Sun Peng, Zhang Qiang, Jiang Shangming, Xia Min, Wang

Hongjun. 2020. Spatiotemporal patterns of the shallow

W, 2022, 49(6)



494 o

AR A LT IR 2 T K A SR A B I S PEAG 1791

groundwater depth across the Huaibei Plain[J]. Acta Scientiarum
Naturalium Universitatis Sunyatseni, 59(2): 110— 119 (in Chinese
with English abstract).

Bt F 325 %5 STk

WRZE, AfAiRal, 3 e . 2016, HEILTP IR 24 T K S A FIE[J]. L8
OBl 44(28): 73-76.

A5 2019. 308 HEAC TR R /K VR B A K AT 5€[D]. &
JE: 2R A

FEFRIE, S WRIIRS, 2 . 2019, FRIUTT X Bt T 7K (7 Wi A
AEAFEE[T]. #h K, 44(4): 33-36.

JREIN, AR, 252, AR, KL, KRBT, IRIIEL BR/NE,
B, e, BASTE . 2021, TR T K BRI AL B v
JI[90. i E LI, 48(4): 1052—1061.

FROSCHR, 2K, JKEE, BUORA, ISR . 2019. 3T 60 AR YL H T vl
KA S IR R SHTI]. /KL, 39(6): 69-73, 58.

AR, RIAR, BRSr A8, B4 55, B, sUTHT, NI, TS,
BERCE, R0, WAL, ST, JRah 30, JARCE, sk3Em, ZF s, X
LIRS, EIEME . 2017, KT S350 SRR EE 4 R 5 TR T
[RJRT). A E MU, 44(6): 1045—1061.

WL, BB, BREERE, SRENEE, T, 3T, JE B 2016, dEECTR
DXt TR TR 7K A M D ) s S AR, T LB T, 43(4): 1457—1467.

XA, SR, MRt . 2010. Kriging 1 (EAR 7 #0 T /KA W ] 1)
AL R[] ARSI, 41(9): 14-17.

TR, W45 . 2014, WL T IR JZ2 MR K AR DX 38437 A D]
IR K, 36(5): 51-53.

TEEAR, A, R 2017, VBl AR SR A2 i AR R IR S A A
AT FZKAL I S 7K FIRHE, 15(5): 36—42.

Wk, PG, TR, 5 8, A, TEZELL. 2020, HEIL PR IXRZH T
TR R 25 3 A5 R AR (3], H L0 R 2 25 4 (F AR B 2 D), 59(2):
110-119.

http://geochina.cgs.gov.cn FPEHLTT, 2022, 49(6)



