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Abstract: Groundwater is exteremely important in arid and semiarid regions, and the core of its effective pro-
tection and rational utilization lies in accurate prediction and evaluation of groundwater dynamics, based on
which protection, utilization, and planning strategies are formulated. Based on groundwater level monitoring da-
ta from 2010 to 2020 in Xi'an City, this study systematically analyzed the inter-annual and intra-annual dynamic
changes in groundwater levels, investigated the main factors influencing groundwater dynamics, and conducted
a correlation analysis using SPSS on the two primary factors affecting groundwater dynamics: precipitation and
extraction volume. Furthermore, the study utilized the GM (1,1) grey prediction model and the BP neural net-
work model to forecast the trend of groundwater level changes. The results indicate that: (D From 2010 to 2016,
the groundwater level showed an overall decreasing trend. However, from 2016 to 2020, due to the yearly reduc-
tion in extraction volume and continuous optimization and improvement of water supply facilities, the ground-
water level exhibited a rising trend. 2 Both precipitation and human extraction significantly impact the ground-
water level fluctuations in Xi'an. The depth of the groundwater level is a crucial factor determining the degree of
influence from precipitation, with river floodplains being the most sensitive, followed by terraces, and loess
plateaus showing the weakest response. The correlation between groundwater extraction volume and groundwa-
ter depth is stronger, highlighting its dominant role in regulating groundwater level dynamics. & Groundwater
level predictions suggest that as groundwater extraction continues to decline annually, the overall groundwater in
the study area is on a fluctuating upward trend. This study has conducted research on the influencing factors and
prediction trends of groundwater dynamics in Xi'an, which has important reference value for groundwater re-
source management and sustainable development.
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Fig. 1 Location of study area and monitoring wells
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Fig. 2 Flowchart interpreting the procedures of GM (1,1) grey model setup

GM(1, 1)K A8 R P4 22 T - JU XA M T 7K T
Rt PR T 43 H7, PEAN A AL BRANT (Zhu et al.,
2009) .

BEE R B SR X = (D), x(2), e 1
(n)}y, %k He 47 B As 2108 09 7 51 X V=6 (D), x
(2), 2" (n) yo BT 46 K00 B0 35 2 E T 4
X HR AL B 53y RS 1 pR AR N -

+aXV =y (1

SR X(1) ik 2By AT 3 T 2R M 0o T R B 2
8 a 5 u, b0 A ]330 s R -
X“)(r+1)=(x<°>(1)-—f)e-“'+E (2)
a a

HRAE e/ N TR E S8 a 5w, 75 20 F00 9 2
JF3, B2 7 5 AT B0 SR AR B A, e X
TR 25 S THE 2G5, AW (LA st . it
AFXT 35 25 4G 56 ) W7 K €0, T S A 3 . — FREIA R Y
AHRTER 22 /N T 20% BF, GM(1, 1) X B 850 i 480 535 1)
FR; MAX /N T 10% BF, £ GM(1, 1) %] JFEE

PR ILE R4 (Zeng et al., 2015; Zhou et al., 2023) .
2.3 BP #ERMETNER

BP #1 4 W 4% (Backpropagation Neural Network ) /&
— iR 2 30 ) A R SRR Y 22 A I ) I 4%, 3 L AT
A TR 225 g L R N ik JEL 2% A 388 ) 80 3 o 1) — b 2
J5 ko BP 2 [ £ T A5 D A0 5 iy A2 | Rl R
i )2 3 4584 (Pradhan et al., 2021) (|8 3)

AR f iz

(SR

E3 BP RN ERIEE

Fig.3 Schematic diagram of BP neural network



240 o4t o# R

NORTHWESTERN GEOLOGY

2025 4F

K X, X, X, FoR A YRR AR W
FORE N 25 BRI R 1 BUE; W, 2 45 11 e
J2 Z R AU W, 20 BROBUZ 5 i i )2 ) 9 BU(E
(Hou et al., 2023) . #1228 W £ 1 12t 2 > By A%y H I 5
FEARIAE, VTG0 B 7E R G A P i o6 & (X,

2017) o BfHb R KA B s i B — A RS, R
20 2R Go i i AT, bR KA R 2R G0 G i 0, i
B2 2 BRI SRk B, ST b T AR A T A AL AK
IR 25 A5 31 B I 2 22 Al a2 26 ok S 5 B 1 )2
AU, B E IZA 2 M4 (Wuetal, 2018) (K 4) .

oA - T BB
il Bk e I st
2 o
i gt

BRI 2 AT - S

ik N2 AR CEYi- S fisk
&

P ' SRR | 2 7 A
B BP [zl B et

B4 BP HEMEZRIEE

Fig. 4 Flowchart showing the procedures of BP neural network establishment
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£ 1 2010~2020 FEFARTREK ., FFRINM TAMIERBR R

Tab. 1 Precipitation, groundwater extraction, and groundwater level depth in Xi'an City from 2010 to 2020
Ay K% 7K # (mm) K 7K 12 72 I (mm) F R i (fZm’) i KA R (m)
2010 819 33 6.24 15.15
2011 1002 216 6.01 14.42
2012 659 —-127 6.23 15.05
2013 656 —130 6.37 15.48
2014 802 16 9.57 15.11
2015 779 =7 10.01 15.36
2016 656 -130 10.26 15.99
2017 823 37 10.26 15.57
2018 728 -58 10.37 15.56
2019 910 124 10.05 15.44
2020 809 23 9.49 15.23
1200 16.5 12 16.5
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Fig. 5 (a)Precipitation, (b)groundwater abstraction and average groundwater level depth from 2010 to 2020
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Tab. 2 Correlation of rainfall, groundwater extraction, and mean groundwater level depth
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Fig. 6 Monthly variation of precipitation and groundwater level in different years
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Tab. 3 Verification of groundwater extraction estimation using grey model

A Ay 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
DIRER A 0} 0.96 0.51 0.34 0.38 0.29 0.23 0.18 0.15 0.13 0.11
TR 2K 5 0.11 0.24 0.29 0.26 0.18 0.03 0.02 0 0.04 0.05
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Tab. 4 Prediction results of groundwater extraction from 2025 to 2035 (10° m’)

A Ay 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035
00 2% 5.71 5.62 5.53 5.45 5.36 5.28 5.21 5.12 5.04 4.96 4.89

332 T AKARIEIE T AT
A X P4 22 TSP B IX T KA 3l 285 A8 AR BRI K pl
PR3 BT () it |, 25 XA K L TSR SR A DE B8, e
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Tab. 5 Accuracy of BP network model prediction
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Oy KAESZIAE (m)

BAE (m)  AAXTER 2 (%)
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2011 14.42 15.2047 —1.807
2012 15.05 15.126 8 0.086
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2014 15.11 15.2049 —4.906
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2016 15.99 15.2013 —2.273
2017 15.57 14.7323 —4.558
2018 15.56 15.106 0 —0.805
2019 15.44 15.0458 —2.553
2020 15.23 14.8329 —2.607
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Fig. 7 Prediction results and trend of groundwater depth

BP Hift 2 9] 45 455 70 330 0 25 S 36 0, G 4 7T D X
M T K BEIRTE R K (2025~2035 4F ) 45 FI 28 14.5 m
Wesh, it +4E(2010~2020 4F), P42 EHH
IR R e 5 153 mo X R, RRPGLTTH T
P E NSl o) s I & (B S TR S B S TN
2027 4F A i 7K 3R GA B B KAE 14.99 m, X —50{H
AU 5 T 2011 4F (32 594 5 5 Bk 300 W2 K
KRN BRG], T E LT AR . (615
ER MR, BT 2011 A= LAAR, HoAb A0 th FoR 20 A
RIF R B, HH T K HE R 5 KT 2025~2035 4T
DA e K AL . X KW, 5 2010~2020 4R AH L,
2025~2035 4 (6] T /K A7 A r |l T, Her, g oK el T
LR 2032 4F, Bk 22 m. S5 N OK ISR E
AR Ak B B 5 K S VR 1Y) AR DG, AT A AR



244 o4t o# R

NORTHWESTERN GEOLOGY

2025 4F

S, AT R PG 2 T S T A 1) b T 7K R SR R B A
W5 AR 03X — BOR AU %08 i) T b R 7K A K
TRER R, AR T R KR B E, AT
E R N VA 5 3 R AT A 2 (A AT TRV N L
B S IR M I 9 T 0 R A RUB:, TR A AR B T A EAE
T 7K T R B X TR R M T K 9 R nT 4R 2 A1 AR
SRR EEM,

ABIF S SR B FINAR Y, 46 GM(1, 1) B 45 Fit
B 5 BP #2828 570, J2 LT 2010~2020 4F AH X
8T ELA PR b K A 50 1 3 R A 1, T AR AR —
SE SR BR A o 3 ) B R AR AR B VR T R K
M 11 A BSOS ik s T T A AE B R . A,
FE G b T 7K A U ASE A o B, A B T R K
AN R FF 2R 33 R A %o 3R 7K A7 3 25 HAT 838 52 i 1
B W&, REEFR BRI M R . xRS TR
B il 455 HHE 5 1) E — 2D 4 v, S5 T, ROR I B 5T
B Z 5200 R, D[]0 53 (B) 95 A4S 4 3 &, A
FEHL T KA 5 22 52 M R 0] 52 4 0T, DT X b 7K
Bl AR ACIEAT B A PR AL (4 500 43 B

(1)2010~2020 4F, P4 %2 17 #b F 7K {37 25 £k 528X 1
TG ETRRLEE ., 2010~2016 4FHb T 7K 407 3% {4
TR AEEFEIE N 0.23 m/a; 2016~2020 4E 3
KA AL BT, B THIE R 0.19 m/a.

(2) K RN S 1 2R B 6] 76 22 T b T 7K A6 A8 Bl B
R, T T A R YR SR e BT X A2 K R
M i ) G e PR 3%, JF v, AT A X Ry SR, B
X R 2, 8 R IR IXACHT . 1R KPR &S5 R KA
R ELAT BRI AHOC O R, i i T AR S 1l R KA
ALY 3 5 A

(3)38 i GM(1, 1) JK €0, T 0 452 75 i1 BP #ff 28 ] 2%
TR RS, XPBFSE X 2025~2035 4R HL T /KT R 5
Mo R K EEVRIEAT T U 25 SRR, ROk PG LT T
IKFF SR i 22 B AR T AR s 32 b R KRR A
RS, MR KRR 2 T s T
Hb R K R T K AT 3K 2.2 m,

S Z Lk (References):

SEAAE, TRAR, W, S PG HE XK SO B A 5K BT IR A A

[J]1. Pt BT, 2022, 55(3): 81-95.

DANG Xueya, ZHANG Jun, CHANG Liang, et al. Hydrogeological
Survey and Water Resources Security in Northwest China[J].
Northwestern Geology, 2022, 55(3): 81-95.

B SR, REE, W - DR E R LR ER
Fe L ARTRES R BB [T]. K SCHB BT T R 5, 2024, 51(3):
1-11.

LI Peiyue, LI Jiahui, WU Jianhua, et al. Effects of loess-paleosol in-
terbedding on soil moisture transport and soil microstructure[J].
Hydrogeology & Engineering Geology, 2024, 51(3): 1-11.

ok, AR, Je g, A 40 AF AT AR AT 5 95 0 I dek T K Ui 47 1
P Bl PR L] PR 5T, 2024, 57(4): 252-261.

WANG Bin, ZHANG Jun, LONG Rui, et al. Evolution and Genetic
Pattern of Groundwater Flow Field in the Aksu River Basin of
Xinjiang Over the Past 40 Years[J]. Northwestern Geology,
2024, 57(4): 252-261.

W . TG It DX T ARz 3 A& K W ARG 4k [D]. 75 %
K2R, 2024,

YANG Junyan. Groundwater Level Dynamics and Monitoring Net-
work Optimization in the Plain Area of Xi'an City, China[D].
Xi’an: Chang’an University, 2024.

FEILIT, T, TR, S P bH X T KR T A Bk AR S K
SO AR ST R RS R B [J]. PEAE MR, 2025, 58(2): 16-30.

YIN Lihe, WANG Ping, WANG Tianye, et al. Review on Eco-hydro-
logical Processes of Groundwater-dependent Vegetation in NW
China: Progress and Outlook [J]. Northwestern Geology, 2025,
58(2): 16-30.

STV LTI KRR AT 4 40 BT B AR A TC B BF T (D). 7
e RAR A, 2008.

ZENG Fachen. A Research on Supply-Requirement Analysis and Op-
timized Allocation of Water Resources in Xi’an City[D]. Xi’an:
Chang’an University, 2008.

Du Xingiang, Chang Kaiyang, Lu Xiangqin. Characteristics and
causes of groundwater dynamic changes in Naoli River Plain,
Northeast China[J]. Water Supply, 2020, 20: 2603—2615.

Ferede M, Haile A T, Walker D, et al. Multi-method groundwater re-
charge estimation at Eshito micro-watershed, Rift Valley Basin
in Ethiopia[J]. Hydrological Sciences Journal, 2020, 65:
1596—1605.

Hou M, Chen S, Chen X, et al. A Hybrid Coupled Model for Ground-
water-Level Simulation and Prediction: A Case Study of
Yancheng City in Eastern China[J]. Water, 2023, 15: 1085.

Hui P, Qu W, Tang J, et al. Traffic Indexes Prediction Based on Grey
Prediction Model[C]. Sixth International Symposium on Com-
putational Intelligence and Design, 2013: 244—-247.

Kacimov A R. Dynamics of groundwater mounds: analytical solu-
tions and integral characteristics[J]. Hydrological Sciences
Journal, 1997, 42: 329-342.


https://doi.org/10.2166/ws.2020.157
https://doi.org/10.1080/02626667.2020.1762887
https://doi.org/10.3390/w15061085
https://doi.org/10.1080/02626669709492032
https://doi.org/10.1080/02626669709492032

5% 3 B A4 BT GM(L, 1) 5 BP 12 L5 R 14 7522 117 b T 7K A3 3l 2 RFAIE B fa 4 UM AR 52 245

Li H, Hou E. Groundwater dynamic response mechanism and quant-
ity vulnerability assessment under the influence of human activ-
ities[J]. Environmental Science and Pollution Research, 2020,
27:22046—22064.

Li H, Ma C, Zhou W B, et al. Characterizing the Evolution of
Groundwater Flow Field and Its Driving Forces in Xi’an,
China[J]. Journal of Hydrologic Engineering, 2018, 23(8):
05018017.

LiuD, HuY, Li T, et al. Complexity Diagnosis of Regional Ground-
water Resources System Based on Symbolic Dynamics
[J]. Journal of Hydrologic Engineering, 2016, 21: 05015011.

Liu J, Gao Z, Wang M, et al. Study on the dynamic characteristics of
groundwater in the valley plain of Lhasa City[J]. Environment-
al Earth Sciences, 2018, 77: 646.

Ma D, Bai H. Groundwater inflow prediction model of karst collapse
pillar: a case study for mining-induced groundwater inrush
risk [J]. Natural Hazards, 2015, 76: 1319-1334.

Mu E L, Yan L, Ding A Z, et al. Determination of controlled limit
value of groundwater level depth and management practice in
Xi’an, China[J]. Scientific Reports, 2020, 10: 15505.

Pai TY, Wu R S, Chen C H, et al. Prediction of Groundwater Qual-
ity Using Seven Types of First-Order Univariate Grey Model in
the Chishan Basin, Taiwan[J]. Water, Air & Soil Pollution,
2022, 233: 481.

Peng J B, Sun X H, Wang W, et al. Characteristics of land subsid-
ence, earth fissures and related disaster chain effects with re-
spect to urban hazards in Xi’an, China[J]. Environmental Earth
Sciences, 2016, 75: 1190.

Pradhan A M S, Kim Y T, Shrestha S, et al. Application of deep
neural network to capture groundwater potential zone in moun-
tainous terrain, Nepal Himalaya[J]. Environmental Science and
Pollution Research, 2021, 28: 18501-18517.

Qiao J, Zhu Y, Jia X, et al. Distributions of arsenic and other heavy
metals, and health risk assessments for groundwater in the
Guanzhong Plain region of China[J]. Environmental Research,
2020, 181: 108957.

Rajmohan N, Al-futaisi A, Jamrah A. Evaluation of long-term
groundwater level data in regular monitoring wells, Barka, Sul-
tanate of Oman[J]. Hydrological Processes, 2007, 21(24):
3367-3379.

Su Z, Wu J, He X, et al. Temporal Changes of Groundwater Quality
within the Groundwater Depression Cone and Prediction of
Confined Groundwater Salinity Using Grey Markov Model in
Yinchuan Area of Northwest China[J]. Exposure and Health,

2020, 12: 447-468.

Wang Y Q, Wang Z F, Cheng W C. A review on land subsidence
caused by groundwater withdrawal in Xi’an, China[J]. Bulletin
of Engineering Geology and the Environment, 2019, 78:
2851-2863.

Wu J, Li Z, Zhu L, et al. Optimized BP neural network for Dissolved
Oxygen prediction[J]. IFAC-Papers OnLine, 2018, 51: 596—
601.

Xie L. The Heat load Prediction Model based on BP Neural Network-
markov Model[J]. Procedia Computer Science, 2017, 107: 296—
300.

Yang Y, Li P, Elumalai V, et al. Groundwater Quality Assessment
Using EWQI With Updated Water Quality Classification Criter-
ia: A Case Study in and Around Zhouzhi County, Guanzhong
Basin (China)[J]. Exposure and Health, 2023, 15: 825-840.

Yao Y, Zhang M, Deng Y, et al. Evaluation of environmental engin-
eering geology issues caused by rising groundwater levels in
Xi'an, China[J]. Engineering Geology, 2021, 294: 106350.

Yu X, Ghasemizadeh R, Padilla 1Y, et al. Patterns of temporal scal-
ing of groundwater level fluctuation[J]. Journal of Hydrology,
2016, 536: 485—495.

Zeng B, Li C, Chen G, et al. Equivalency and unbiasedness of grey
prediction models[J]. Journal of Systems Engineering and Elec-
tronics, 2015, 26: 110—118.

Zhang Q, Li P, Ren X, et al. A new real-time groundwater level fore-
casting strategy: Coupling hybrid data-driven models with re-
mote sensing data[J]. Journal of Hydrology, 2023, 625:
129962.

Zhou P, Wang G, Duan R. Impacts of long-term climate change on
the groundwater flow dynamics in a regional groundwater sys-
tem: Case modeling study in Alashan, China[J]. Journal of Hy-
drology, 2020, 590. 125557.

Zhou W, Chai J, Xu Z, et al. Historical evolution of urban water con-
servancy projects in Xi'an, China in the past 3, 000 years and its
revelations [J]. Water Supply, 2021, 21: 2173-2190.

Zhou Y, Wu J, Gao X, et al. Hydrochemical Background Levels and
Threshold Values of Phreatic Groundwater in the Greater Xi’an
Region, China: Spatiotemporal Distribution, Influencing Factors
and Implication to Water Quality Management[J]. Exposure
and Health, 2023, 15: 757-771.

Zhu C J, Hao Z C, Ju Q. A prediction of groundwater quality using
grey system neural network united model[C]. Chinese Control

and Decision Conference, 2009, 3216—3219.


https://doi.org/10.1007/s11356-020-08645-z
https://doi.org/10.1061/(ASCE)HE.1943-5584.0001668
https://doi.org/10.1061/(ASCE)HE.1943-5584.0001252
https://doi.org/10.1007/s12665-018-7833-4
https://doi.org/10.1007/s12665-018-7833-4
https://doi.org/10.1007/s11069-014-1551-3
https://doi.org/10.1038/s41598-020-72523-4
https://doi.org/10.1007/s12665-016-5928-3
https://doi.org/10.1007/s12665-016-5928-3
https://doi.org/10.1007/s11356-020-10646-x
https://doi.org/10.1007/s11356-020-10646-x
https://doi.org/10.1016/j.envres.2019.108957
https://doi.org/10.1007/s12403-020-00355-8
https://doi.org/10.1007/s10064-018-1278-6
https://doi.org/10.1007/s10064-018-1278-6
https://doi.org/10.1016/j.procs.2017.03.108
https://doi.org/10.1007/s12403-022-00526-9
https://doi.org/10.1016/j.enggeo.2021.106350
https://doi.org/10.1016/j.jhydrol.2016.03.018
https://doi.org/10.1109/JSEE.2015.00015
https://doi.org/10.1109/JSEE.2015.00015
https://doi.org/10.1109/JSEE.2015.00015
https://doi.org/10.2166/ws.2021.043
https://doi.org/10.1007/s12403-022-00521-0
https://doi.org/10.1007/s12403-022-00521-0

	1 研究区概况
	1.1 自然地理概况
	1.2 地下水开发利用概况

	2 材料与方法
	2.1 数据来源
	2.2 灰色预测模型
	2.3 BP神经网络预测模型

	3 结果与讨论
	3.1 地下水位年际动态特征与主导因素
	3.2 地下水位年内动态特征
	3.3 地下水位变化预测
	3.3.1 地下水开采量预测
	3.3.2 地下水位埋深变化预测


	4 结论
	参考文献

