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Abstract: With the implementation of the South-North Water Diversion Project and the implementation of
groundwater suppression, the local groundwater levels in the North China Plain have gradually rebounded.
However, there is a lack of systematic studies of the trends of groundwater balance elements and their impacts on
the ecological environment. This paper takes the Baoding Plain, a typical area in the North China Plain, as an
example, and uses the water balance method to calculate the groundwater recharge and discharge terms, applies
the factor analysis method to analyze the causes of the changes in groundwater balance elements from 1975 to

2019, and calculates the amount of recoverable and suppressed groundwater resources by using the optimal
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exploitation coefficient method, which provides a basis for the development and utilization of groundwater
resources in the study area. The results show that in the past 40 years, the groundwater recharge term was smaller
than the discharge term in the Baoding Plain, which is in a negative equilibrium state, and the main change
elements are canal irrigation infiltration, canal system seepage, well irrigation return, river seepage, rainfall
infiltration and artificial exploitation. The main factor affecting the change of groundwater equilibrium elements is
human activity, with a contribution rate of 77.2%. After the groundwater recharge and discharge imbalance is
slowed down, the increase of groundwater level burial depth becomes smaller, the area of groundwater level
depression cone gradually decreases, and the area of the Baiyangdian wetland gradually recovers. The optimal
exploitation coefficient of groundwater resources in the Baoding Plain is determined to be 0.64, the exploitable
groundwater resources range from 8.89x10° to 11.35x10° m*/a, and the amount of compression exploitation ranges

from 2.68x10° to 5.14x10° m’/a. The research results can provide a scientific basis for the sustainable development

of groundwater resources and ecological environment in similar areas.
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Table 1 Shallow groundwater balance elements and percentage in the study area
19754 19854F 20064F 20114E 20194F
SLES ol S e f ol T Bl St Bt Nl
/(10° m?) 1% /(10° m?) /% /(10° m?) 1% /(10° m?) /% /(10°m*) /%
Bk A8 14.66 72.87 16.95 78.69 9.13 67.35 13.56 69.96 10.83 76.33
RS 2.49 12.38 2.06 9.56 1.66 12.22 1.59 8.22 0.47 3.31
PPN 0.18 0.89 0.15 0.70 0.22 1.62 0.10 0.49 0.02 0.14
T RAEBT 0.46 2.29 0.39 1.81 0.55 4.03 0.26 1.32 0.05 0.35
TE BN 0.57 2.83 0.45 2.09 0.42 3.10 1.79 9.26 0.50 3.52
[SREE T 0.22 1.09 0.00 0.00 0.04 0.31 0.01 0.06 0.25 1.76
LUTERTN 1.54 7.65 1.54 7.15 1.54 11.37 2.07 10.69 2.07 14.59
At 20.12 100 21.54 100 13.56 100 19.38 100 14.19 100
i e g 0.35 1.65 0.35 1.28 1.61 5.13 135 5.18 1.35 8.78
. ANTIFR 20.70 97.36 27.10 98.02 29.74 94.87 24.71 94.82 14.03 91.22
HEMETT S s
WKZER 0.21 0.99 0.19 0.70
G 21.26 100 27.65 100 31.35 100 26.06 100 15.38 100
R KA 7R fh i -1.14 —6.11 -17.79 —6.68 -1.19
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WAR G R, 19752019 4F, BEK AB 2 H%
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AT 2011 4R, B/ Mg BE d5e R, R 70.50%; Al [r] i A
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F2 MRREREMTKHEERTH
Table 2 Changes of groundwater balance elements of the
shallow groundwater in the study area

LN/ %
ST S
1975—1985 1985—2006 2006—2011 2011—2019
£/ ON 15.62 —46.14 48.53 —-20.14
JRERIE 1727 -19.54 -3.86 -70.50
W REAB 1667 46.67 ~56.73 ~78.99
% BRBE 1522 40.00 -53.21 -80.43
WO -21.05 ~6.67 327.34 -72.14
HFEBE  -100.00 —72.00 2 000.84
A A 0.00 0.13 34.36 -0.09
He DA 1.29 353.99 -16.06 -0.07
M ANTIFR 30.92 9.74 -16.91 -43.22
Wwok#EE 790 ~100.00

3.2 B AR 3R 3N T3R5

SR R 43 BT 3 43 B i K 349 i 2 R AR AL A
FEE, 19752019 4520 £ 45 T 2K 3 7 1Y
R AE AR B BTk AN 2 3 T, 32 B Bl R T 6 R A 28R
o L DL 3R 4.

F3 AMETIEZEIRFEFHHE
Table 3 Initial eigenvalue, contribution rate and cumulative
contribution rate of the main driving factors of recharge items

%y W HEHEHEAT IR % ST %
31 3.818 54.54 54.54
% 1.587 22.66 77.20
513 1.162 16.60 93.80

R4 FATIEEIRFNEFEETHERE
Table 4 Load matrix of the main driving factors of
recharge items

Yt Ei s AT B2 43
[k AB 0.348 —0.064 0.935
FRERIA 0.906 -0.011 0.295
REANE 0.957 0.063 -0.309
RRBN 0.957 0.068 -0.277
TS -0.131 0.940 -0.039
FFETER TR —0.448 -0.751 -0.127
M)A —-0.919 0.355 0.105
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Fig. 4 Spatial variation of groundwater levels in the Baoding Plain in 1975, 2006, 2011 and 2019
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Fig.3 Variation of groundwater levels in the Baoding Plain from
1975 to 1985
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Fig.5 Water level change of the Baiyangdian Lake wetland area
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Fig. 6 Changes of water diversion volume of the canal head in
the study area from 1975 to 2019
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Fig. 7 Runoff variations of different hydrological stations in the
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irrigation in the study area from 1975 to 2019
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Fig. 10 Rainfall variation of the study area from 1975 to 2019
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Fig. 11 Groundwater compression exploitation scope of each
administrative region in the study area
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