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Abstract: Scientific classification and evaluation of groundwater level funnels is an important basis for the treatment
and protection of groundwater overexploitation. Based on the actual situation of groundwater dynamic analysis, evaluation
and management in China, this paper put forward the basic provisions, evaluation indexes, classification standards and e-
valuation methods of influencing factors for the division of deep and shallow funnels. At the national level, the classifica-
tion and evaluation criteria of groundwater level funnels have been unified. Taking the Beijing-Tianjin-Hebei region as the
research object, this paper systematically analyzed the impact of the comprehensive control of overmining in North China
since 2019 on the evolution of funnel. The results show that compared with 2018, the shallow funnel presented a stable
type in 2023 , while the deep funnel presented a reduced type. The area of the deep funnel was reduced by about 99% ,
and the water level in the center of each funnel was obviously rising. Based on the XGBoost integrated learning model. the
development and change of the shallow funnel in the Beijing-Tianjin-Hebei region were mainly influenced by human fac-
tors, followed by meteorological factors. Among them., groundwater exploitation, accumulated precipitation and ecologi-
cal water recharge of rivers and lakes have the most significant impacts, with impact contributions of 23.1%, 23. 0% and
15.2%, respectively.
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Fig. 1 Distribution of shallow groundwater monitoring

stations and deep groundwater monitoring stations in

the Beijing-Tianjin-Hebei Plain
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Fig. 2 Contour line of shallow groundwater level and deep

groundwater level in the Beijing-Tianjin-Hebei

Plain by the end of 2023
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the Beijing-Tianjin-Hebei region in 2023
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Tab.1 Basic situation of shallow groundwater funnel in the

Beijing-Tianjin-Hebei Plain area
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Tab. 2 Basic situation of deep groundwater funnel
in the Beijing-Tianjin-Hebei Plain area

30 KA/ m 31 1 Bk
FERR N §018 4 2025 4 K 2018 2023 TR
BEOE O B
—88.8 —65.74 23.06 2434 2 —2432
—94,82—69.72 25.1
—96.29—87.59 8.7
SRR R —90.7 —72.54 18.16 1564 0 —1564
B AR R S XA —73.49—63.3 10.19 98 0 —98
e BLIR R ST kT (VED  —96.94—71,52 25.42 1049 10 —1039
BRI R(VED 107.54—76.55 30.99
B S 2 2 W bk i —96.38—92.00 4.38 256 19  —237

5 WA BEEZHMERDH

MR C AT I =k 78 23 A1 F A2 1 A 3 5
Z HARNZR N E S K2 K T R Fn
WRILF R it — e B At i X 4
SRR FG M R K AS B ER S AL ], DL 2018 AER &2
2023 AFEAR T H O IR 2 M KU S O 4 A x
G0 LR /K & L 28 & B T AR K L TR K ISR
i HbTHT R IR B K AN B RECRI 4R K 8 A
R AR &, # 57 XGBoost £ 2% 2 B AL, 43 H7 AN
[F] A 0 28 %o T < T 28 ) 5 ) R B
51 #KEBF%

K Hl XGBoost J7 1k 43 #7147 AiE 2 3 6 58
DXCH T KA I 2F 5 5% e #2 B2 . XGBoost iy — Fif
A T B IR AR TR g A T SRR B R T 0 ke 2 i
4G JF A0 IR BE A A SRR e AT I 2, BT
FG T 4 R A RS SR vk

Tk 44 F

HEHE VAT R AR 44D
WZ - BRI, 5NV 4D
&K 4V4D

k
yi=2.f(X) f.EF D
k=1

KLy, IR ; & B AR F R R
B EE A 25 A AR (CART) s X, 4 i DR
SUBYRRAE ]

FEAC ST 3 540 4>, 4 Hor 8094 (2832 49 1E
RN BEVE AT 45, 20 %6 (708 A4~ 1 b I3 48 ik
FTIUE . SR P E M R AL R WA AR HUURS 2 0
AN Y B N [0, 1], R B 3T 1,
& WA AR T 45 SR 5 S PR ) e 5 AR R O

XGhoost 15 #Y 5= FAE T 2K VAN #84~ B
SIAIRIE . IO, VAL A8 B E N 100 4 BTR B
VB 5. MEALRLAORS B AT ik 0. 97, oIl R4

FERE 99 %0 , MR AEHRE L 952,
52 HERHMH

GAEKRE ANNHER ALEE.GKBEKIT
PR PR R MR DR 3R 0T S A B X 2 O - R AR
b B 52 0 BTIERAR A 3856 .24 %6 .18% .17 % . M
HHZERE (4, 1R K IF R 0 5T ik de kL A
23. 1%, B T <198 A 32 2 I PR X 3 T K
HE M 0 Ao D 45 L T A S B i U - XCHE
Ttk v g5 3 A A ek R R K ISR IR R
MR =k kb B R, ok O BB K & A
WA K B, BT RR R 43 0 230015, 2%, REIK &
FUHEF b X R K Y 35 N 2 R TR L BB K X
T b & AR AL 1) BT IK R 3K 23, 0%, 07 ) #b 7K X
Tk & R A Ak 52 m g o B B, BT MR R ik
15.2% . wJ VLA 2018 442 b Hb X St T i #h 7K
RISk, 1 K g 6 v 38 ) 300 X 3k vk )2 oK 2
—E R AN AR AT R KR SR

STFRAK
e BizE
B srxEpg

BERYE

KT

0 5 10 15 20 25
B5E2E/%

B4 TEEMXIEEA & E R 05w

Fig. 4 Influence and contribution of various factors on

funnel evolution in the Beijing-Tianjin-Hebei region
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