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Abstract: [ Objective] The factors and mechanisms influencing the evolution of groundwater flow fields were
analysed to provide a theoretical basis for the sustainable utilisation of groundwater resources in the study
area, [ Methods ] Using geostatistics, the projection pursuit regression technique, and other research
methods, the impacts of precipitation changes and human activities on the evolution of groundwater systems
in six basins in Shanxi Province were analysed. [ Results ] (D Precipitation showed a linear correlation with
fluctuations in the groundwater levels. For every 100 mm increase in precipitation, the groundwater levels in
the Taiyuan, Yuncheng, Datong, Xinzhou, Linfen, and Changzhi basins decreased by 0.45, 0.46, 0.20,

0.28, 0.22, 0.73 m respectively. @ Groundwater levels showed a linear correlation with the variations in
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¥ in groundwater overexploitation volume, the

groundwater storage. For every increase of 1.00 X 10° m
average groundwater levels in the Yuncheng, Taiyuan, Datong, Xinzhou, Linfen, and Changzhi basins
decreased by 0.18, 0.36, 0.25, 0.55, 0.40, 2.0 m respectively. @ The contributions of the different factors
affecting groundwater resources vary significantly across different regions. Precipitation was the primary
factor affecting the groundwater resources, with a contribution rate exceeding 40% in all areas. In the
Yuncheng and Datong basins, land changes caused by cultivation were the second most influencing factor,
with a contribution rate of 22.55%. In the Taiyuan, Xinzhou, Linfen, and Changzhi basins, land changes
caused by construction were the second most influencing factor, with contribution rates of 19.12%, 17.57%,
16.56 %, and 22.43 %, respectively. [ Conclusion] @ Artificial rainfall can be conducted in a timely manner to
increase precipitation and groundwater recharge, thereby slowing the rate of groundwater level decline. @ In
areas experiencing groundwater overextraction, groundwater extraction should be appropriately reduced and
efforts should be made to increase the groundwater system storage capacity to gradually restore groundwater
levels. @ Effective measures should be taken to restrain the continuous decrease and rapid expansion of
cultivated and construction lands, respectively, thereby reducing the impact of land change due to land use
types on groundwater resources.

Keywords : precipitation change; human activities; groundwater; influence characteristics; six basins of Shanxi Province
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Fig.2 Land use change in six basins of Shanxi Province
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0.8r a KR &% 20 b & 0.8y c KR &
. *
g : g g .
& 04b I N E 04r N
B .. & ML & A
2 N R R 2, RN
% I K % I IR N % I e
= 036r+0.003 * & oo =
y=-0.56x+0. _ N y=-0.25x+0.01
= -04L R=0.99 o t; -1 =-0.18x+0.02 . = 04 R0 78
= p<0.01 = R=0.73 ¢ = <0.01
N p<0.01 . Lo
-0.8 : - - - 2 N — 0.8 - - - -
-2 -1 0 1 2 -6 -4 -2 0 2 4 6 -2 -1 0 1 2
EXE/10°m’ BEXE/10°m’ EXZE/10°m’
0.8 d W &x 0.8 r e & 081 * f Kz
. .
g *, g g R
mﬁ 04rF ‘,."’ ‘:ﬁ(‘i 0.4t "o % 0.4 .‘.‘
<t (Y <t k) : .
& ol ‘0 2 41 ss. ¢ a4 ‘.
% “ % *. % r \‘
% _ ‘e ¥ . ¥ P
y=-0.55x-0.001 %, 2 o “
04l ®=099 . -0.4 | ¥=-0.40x+0.000 6 > = 04l y=-2.0x+0.004 ™
= p<0.01 = R'=0.81 B = R*=0.99
p=0.01 p<0.01 .
-0.8 : - . , -0.8 - - - - -0.8 . s -
-2 -1 0 1 2 -2 -1 0 1 2 -0.5 -0.1 0.3 0.7
BEXE/10°m’ BELE/10°m’ EXZE/10°m’

Bls WWEdH 6 REMMTARUTESH T KEAZEEEXR

Fig.5 Relationship between groundwater level variation and groundwater system storage variables of Shanxi Province
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resources in six bosin of Shanxi Province

3 W

Wi K it 55 A () DX R K AH OG5 B 35, T

Vb AN R K B ey A2 Ak, RSN TG S R KA
TR Rz R T e A D 1] T

AQ=AHuF (7
K. AQ N T KRGE L (m*); AH JHh T K
BLAB IR (m) 5 g0 MU KA A WA N 45K BE s F ORI



5 43

F I 25 < B K 5 AR B X L PE 48 6 R 4 M M T K Y 52 IR 369

FHRITH A (km*)

MR KRR 5 M T KA B T A GE (0
FASGOGZR L 32 K N 2 M T 7K R S5 52 B IR A7 R
TR KRG 2R B (AQ<C0) , M R IK LTS 22 T e
A T e e 2 T SR i A BT U D A R
PR AR 5 A R AKOK AL A BE I T, S
Sh B 4—5 3k AT LU Y AR XA 3R 7K 7K A2 722 R
B K 8 Al K b T K R G 8 8 o A Y B R
AN 5 33 32 B AN TR) DXL B9 5 7K JBE Q) AN TR) i 1Y
AR A A AT DL o g (EB/IN L 3t K A7 A R R
FezZ I/

7w LA e R T D7 300 2 A 2 R T
WRKRGEMEZENR, 5C AU CR 4518 M
[0, SR R R T 7 305 MR K R SE i Ab
Sy i B UM G I CRE AL T AR G B L 0 AR 4
ok U 3 WA B b 45 T B e T B ) A4 /0 A D2 o A
B B[R] s b 1 )98 U b 25 R R B T A
G5 T3 A PR EARRR | A o S Y A e, 2%
B8 I sl 2 A 0l A8 P e B b 3R A% B AT 5 W) 2 7K A
A BT E B T AN 2 5 7K T BR Y 18 ek 2 5 ) ]
oK P A 7K B8 T kb 4

4 5

(1) Bifi & 7K B 1 35 R, AF 5% DXOAS [] DX A7 R K A
T W B X R R % A A, M K 4 K & 580,600,
480,550,600,620 mm, K J& iz 3k, K[ LI 9
FIK ¥ 7k b 22 B50AF 03 19 M R ZK A7 349 1k B [l 5

(2) #F KA 5 3T K RS 0 & 72 i 5 B4
KRR TRKRFEZ RGN 1.00X10° m?, iz
IR R TRD T M i Yy R I Y Bl R oK A A3
M 7t 0.36,0.18,0.25,0.55,0.40,2.0 m,

(3) P& K2 52 AN [] DX Hb T 7K ¢ IR i Bl A AR
R R R, STk B T T 4000, o, i A
MK, R 60.63 %6, U hy oK SRR K [R) A |l L 43 5
52.86 %0 Fl1 50.28 %6 ; 7E 12 3k A1 K 7] 25 b, #F b 22 fb 2
55 2 s PR R R R T M L U R YR A IR
JH 307 AR5 2 520 A -

2 2 TR ( References)

(1] RGeSk, XA — , 3k R 7. 1L VG 44 H R 7K 88 SR 16 33 AL 4y
BLCL/ TR T M8+ — R b E K A B K& S0,
2023.

Xu Xiaolin, Deng Jingyi, Zhang Tianyu. Analysis of the
effectiveness of groundwater overexploitation control in
Shanxi [ C] / Guongzhou,
Proceedings of the 11th China Water Ecology Confer-

Province Guangdong :

[2]

[3]

[4]

[6]

7]

[8]

ence, 2023.

Green T R, Taniguchi M, Kooi H, et al. Beneath the
surface of global change: Impacts of climate change on
groundwater [ J]. Journal of Hydrology, 2011, 405 (3/
4):532-560.

Yoo S H, Choi ] Y, Lee S H, et al. Climate change im-
pacts on water storage requirements of an agricultural
reservoir considering changes in land use and rice grow-
ing season in Korea [J]. Agricultural Water Manage-
ment, 2013,117:43-54.

Moiwo ] P, Yang Yonghui, Li Huilong, et al. Impact of
water resource exploitation on the hydrology and water
storage in Baiyangdian Lake [J]. Hydrological Proces-
ses, 2010,24(21):3026-3039.

T ER A, TROUE, E R, %R 50 kA &K1 L X 4 T
K 88 UK Bl 1 o B LT 1 K #2424, 2014, 45 (2)
180-186.

Feng Huimin, Zhang Guanghui, Wang Dianlong. et al.
Analysis on driving force for groundwater flow field evo-
lution in Shijiazhuang Area in recent 50 years [J]. Jour-
nal of Hydraulic Engineering, 2014,45(2) :180-186.
WIE B R, B, F AR AR NEET
SU1RN T R 5 K R RS2 e [T ). AR A iR, 2014, 34 (9)
2367-23717.

Hu Wei, Yan Changrong, Li Yingchun, et al. Impacts
of climate change on winter wheat growing period and ir-
rigation water requirements in the North China Plain
[J]. Acta Ecologica Sinica, 2014,34(9):2367-2377.
Lauffenburger Z H, Gurdak J J, Hobza C, et al. Irrigated
agriculture and future climate change effects on groundwater
recharge, northern high plains aquifer, USA [J]. Agri-
cultural Water Management, 2018,204 :69-80.

G, B9, HF L B AT AR R Z T
K AL R AT /D W I AE AL L)) R 2 5 PR 2
#,2015,37(3) :68-74.

Zhang Guanghui, Wang Qian, Tian Yanliang, et al. Re-
sponse characteristic and mechanism of shallow ground-
water level on the successive years with less rainfall in
the agricultural areas of the central Hebei piedmont plain
[J]. Journal of Earth Sciences and Environment, 2015,
37(3):68-74.

TICHE , P T2, XA 55 Al T JE W F K 58 5 b
KR B R AR AT AR Y T 27412, 2018, 29 (1)
1-10.

Zhang Guanghui, Fei Yuhong., Liu Chunhua, et al.
Adaptation between irrigation intensity and groundwater
carrying capacity in North China Plain [J]. Transactions
of the Chinese Society of Agricultural Engineering,
2013,29(1) :1-10.



370 VIS S EPHE ¢ %44 B
[10] PK;“@%%?&‘ X 50+ A5 ARG T JRAR T DX MR K T M .2009,31(6) :671-683.
0 5 K A Ak R [T, oK Bl A 3 R L 2006, 17 (1) Wu Anxu, Lin Xiangdong, Jiang Changsheng, et al. A
43-48. projection pursuit regression model for synthetic earth-
Zhang Guanghui, Fei Yuhong, Liu Keyan, et al. Re- quake prediction based on particle swarm optimization
gional groundwater pumpage for agriculture responding and Hermite polynomial fitting [J]. Acta Seismologica
to precipitation in North China Plain [ J]. Advances in Sinica, 2009,31(6):671-683.
Water Science, 2006,17(1):43-48. L1901 FHRUL, i Bt B, 45 7 A8 T N OVl 19 852 5
(U] e, T AN 450 40 4F =71 S AR X+ 5 I AR ST [ ] A AL R B2 . 2022, 40(4) £ 19-27.
FH 7S Al R FE T s K B9 52w [J 1. K Al 24k , 2021, 52 Yu Xiaohong, Ye Jing, Hong Yingzheng, et al. Earth-
(8):896-906. quake casualty assessment model based on projection
Shu Longcang, Wang Zhe, Yuan Yajie, et al. Land use pursuit regression technique [J]. North China Earth-
change and its impact on groundwater in the typical district quake Sciences, 2022,40(4):19-27.
of Sanjiang Plain during the past 40 years [ J]. Journal of [20] FhakRe, £, M. 558 £ X KR IE KB )
Hydraulic Engineering, 2021,52(8):896-906. ARHIE Sz K2R 2 B (7. 3 W HE K 22 4. 2022, 41
(127 X, L, 24 . 25.2000—2020 4E 5 i 0 4R 3 F R IX (10):90-97.
Hb T K AT SRS A b ) P K T R I s 3 A Y 3 A iR Sun Jineng, Wang Wanzhou, Yan Xin, et al. Dynamics
[J]K £ AR K24 . 2022, 36(5) 1 150-159. of groundwater in Changwu loess tableland and its de-
Liu Kun, Gao Fan, Wu Bin, et al. Dynamic response termiants [ J]. Journal of Irrigation and Drainage,
of groundwater depth to land use and temporal-spatial 2022,41(10):90-97.
evolution of drought in the eastern Plains of Changji [21] XU BERY . e 6, 55 A 5 N0 sh % =31
prefecture from 2000 to 2020 [J]. Journal of Soil and S HL R X b TR K IR S AL [ VI HE K 2R 4,
Water Conservation, 2022,36(5) ;150-159. 2022,41(8) :63-69.
[13] =LA, SO, 2 = VT JE A b A AR Ak Rk Liu Bo, Fan Chengfang, Shu Longcang. et al. Impact
g¥1§j[§]’gﬁyﬂﬂ [J]. KB 2= E R . 2021.32(5) :694-706. of climate change and anthropogenic activities on
Sun Qingyan. Lu Chuiyu. Guo Hui. et al. Effects of groundwater in Sanjiang Plain [J]. Journal of Irrigation
land use change on water balance in the Sanjiang Plain and Drainage. 2022.41(8):63-69.
[J]. Advances in Water Science, 2021,32(5):694-706. [22] SREM.EWRA 225, 55 25 7K 38 AR 2 7K S0 B X
(147 185 S M 85 JL . 45 07 P B B 3 R 7K £33 25 % -+ H SR/ 2 g i R L) . S i 2022, 53 (1)
FHZE AW R [ ] 7K 452241 2021, 35(5) - 227-234, 56-65.
Hu Xin, Wu Bin,» Gao Fan, et al. Response of ground- Zhang Yushan, Shu Dongcai, Li Rui, et al. Responses
water level dynamics to land use change in Hutubi of ecohydrological processes to land use/cover change
County [J7. Journal of Soil and Water Conservation, in the Chishui River basin [J]. Chinese Journal of Soil
2021,35(5):227-234. Science, 2022,53(1) :56-65.
(150 o LA A F i =P B F oA et (23] 3Kz SRTh L S5 R RSR TR DOR PR
BT Do b e b 2093, SR A 5B+ LA = W 1 ). ob
Yu Yexiang. Study of groundwater recharge in the FIZKHIAHL ,2022(5) - 38-44.
Sanjiang Plain under the influence of land use change Zhang Yun, Li Sheng, Gao Yuan, et al. An analysis of
[D]. Changchuns Jilins Jilin University, 2023. the relationship between the groundwater depth and the
land use change in arid and semi-arid areas: Taking
[16] Dasgupta B, Sanyal P. Linking L.and Use Land Cover
Kashgar delta as an example [J]. China Rural Water
change to global groundwater storage [ J]. Science of and Hydropowers 2022(5) :38-44.
the Total Environment, 2022,853:158618. [o4] TS0 A MAE L 85 . 55 2005— 2017 4F 15 & 45 b T i
LT IR, AR DPS BURIEI A S O =) BRI A T K 2 AR PR G T B X 3R (1K
FBEAZ M5 AL Bt B2 T A, 2020, R R 2021, 41 (1) : 276-283.
Tang Qiyi» Tang Rui. DPS data processing system Zhang Wenting, Yang Pengnian. Peng Liang, et al.
(Volume [[): Contemporary statistics and data mining Spatiotemporal evolution of groundwater and its rela-
[ M].Fifth Edition. Being: Science Press. 2020. tionship with land use in plain area of Yanqi basin dur-
(18] % MM AR . HEM. FRTRFHEATESE ing 2005—2017 [J]. Bulletin of Soil and Water Conser-

oK 25 T 3R A M e % TN R B O R A (T ).

vation, 2021,41(1):276-283.



