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Abstract: Objectives: As an important grain—producing area and the most populous plain area in China,
the groundwater resources in the North China Plain are seriously exploited for agricultural irrigation and do-

mestic water use, and it is of great ecological significance and socio—economic value to accurately monitor

EE TR« [H K H AN (2021YFB3900604) 5 1< 22 K2z W7 A2 BHIFAH 52 B 10T H (300103723046) .
F—EHE HA L, RN T REE S K CE N % TS . caojie@chd.edu.cn
BIEE - = WL, ERP TR, powaterssg@qq.com



806 B K EWR (F B R D 2024 4£5 H

the changes of groundwater storage in the region and continuously recharge and restore the groundwater.
Methods: The gravity satellite data were used to invert the groundwater storage changes in the North China
Plain, and compared and analyzed with the hydrological model, precipitation information, South-North wa-
ter transfer project and groundwater well information, and proposed a method to integrate shallow ground-
water storage changes and deep groundwater changes to obtain the contribution of total groundwater. Re-
sults: The results show that: (1) Both gravity satellite and global land data assimilation system model esti-
mated water storage changes in the North China Plain exhibit obvious seasonal characteristics. (2) The cor-
relation coefficients between the gravity satellite inversions and the shallow groundwater well estimations
are consistent in terms of interannual variability, multi-year trend variability and seasonal variability, with
correlation coefficient greater than 0.8. (3) Considering the contribution of deep groundwater, the estimated
results of integrating shallow and deep groundwater well information and the gravity satellite inversions are
in better agreement than those using only shallow groundwater, and indicate that shallow groundwater is
the main variation of groundwater storage change. (4) From 2003 to 2017, groundwater in the North China
Plain is in a long—term deficit state, with a gravity satellite estimated groundwater deficit rate of — 1.3+
0.6 cm/a. From 2018 to 2020, the gravity satellite estimated groundwater deficit rate is —1.94-0.7 cm/a,
which is almost consistent with the total groundwater deficit rate of — 1.840.8 cm/a during the same
period taking into account the deep groundwater; the groundwater trend in 2021 is increasing, and the
growth rate of gravity satellite inversion is 12.7+1.8 em/a, which is more consistent with the total ground-
water well estimation in the same period. The correlation coefficient is 0.98, and the weighted fused total
groundwater storage change is more consistent than that estimated by using only shallow groundwater. (5)
Precipitation and North—South water transfer project have a direct impact on water storage changes in the
North China Plain, making a significant contribution to the mitigation of groundwater storage deficits and
groundwater restoration. Conclusions: The research method in this paper provides a new way to accurately
observe groundwater storage changes in the North China Plain, and provides reliable verification of gravity
satellite monitoring results.
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Tab.1 Comparison of Amplitude, Period Term and Linear Trend of GWS Variation Estimated by Gravity Satellites and
Shallow Groundwater Wells with Different Average Feedwater Degrees (%) in the North China Plain
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Fig. 3 Time Series and Segmentation Trends of GWS

Changes in the North China Plain Obtained Based on
Gravity Satellites from 2003 to 2021, and Time Series
of Shallow Groundwater Changes in the North China
Plain from June 2018 to December 2021
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Fig. 4 Original Time Series of GWS Change in the
North China Plain Estimated Based on Gravity Satellite
and Groundwater Well Information (a),and Time Series
and Segmented Trend Change After Deducting Seasonal

Signals by Thirteen-Point Sliding Average of the Original
Time Series (b) from June 2018 to December 2021
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Tab.2 Trends in GWS in the North China Plain
Estimated by Gravity Satellite and Groundwater Well

Information for Different Time Periods/(cm-+a™")
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Fig. 5 Spatial Distribution of GWS Change Rate in the
North China Plain Based on Gravity Satellite and Total
Groundwater Well Information from 2018 to 2021
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Fig. 6 Original Time Series of GWS Changes Based on
Gravity Satellites and Monthly Rainfall Data from 2003
to 2021, and Total GWS Changes Based on Actual
Groundwater Well Measurements from Jun. 2018 to
Dec. 2021 in the North China Plain
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to 2021 in the North China Plain

EAE 2 M 6 v DL B, 7E B I
Dy 2014—2019 4F , 8 ) TR WA TWS 48
1k 525 T B (0 GLDAS A5 AL, 1T 1% 7K fifg o2 3 A
TR SO AT T, H O T T R R
[ AF 0y, R 7K 23 P S 4 28 + HE K R 22 e K,
M HE— 25 BHIE T 82,1 Fr iR (19 GLDAS 7K AR Al
% 0 % 1R 7K A R X — 2538

gh A P 3 AR 7] LL & B, X D46 R 1R )
PEAT = o S8 A HE bk 2 10 A5 5 4
Jb - D XA A 25 PR R K AR PR AE AL, X 5
I A AF B 28 A6 AR 8 W) 4 o 2003—2004 4F
GWS A B [l -, 5] B3 79 SF- 359 49 B Kt AH B 3
I FE AR, W) & BB . 2005—2019 4F
Wit TN £ 95 22, AR T 4 B R i BT I D i B
GWS WAERFZ TR, JUHAE 2014 4F A2 L F Ji
W B E T AR MW R —179.8 mm, & )
TR UL Y bR KT B A L E . 2020—2021
AT [ T A AH X 22 A OF- 35 1 35 B R R 7 2021
AR b IXOBE R R I A AR P 3 W &
674.4 mm, 5 F7 TR A R 7K 96 R0 00 A5 21 1
GWS ¥ £ % L.

B8 fn T 2021 4F [ T 4t A2 b 8 #1925 1]
Oy AT o BT AR A 7E AR GO I 2 B R TG B
14 43 A R AE B3 TR S22 38 K R 4 0 b X 2 2203 A 7
g 1L 2R DL ST b A8 4 TS SR R & 55 M, 3 K
HOR AL 45 mm/a, B2 98 0 O b X
A3 A3 AE AL 5 KL B b A A v G e b
FB T 45 mm/a, %% MRHE A6 5 8 5(b)GWS
7 Ak AR Y 3 A B R — Bt

40°N

38°N|

340N 1 1 1 1
112°E 114°E 116°E  118°E  120°E
e — i3 (mm-a )

-45 -30 -15 0 15 30 45
18 2021 AF e TR i 78 A s 4 1) 2 8] 43+ A
Fig. 8 Spatial Distribution of the Anomalous Rate of

Rainfall Change in 2021
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Tab. 3

Total Regional Area of Each Region and Inbound Water Transfer from South to North from 2014 to 2021
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Fig. 9 Time Series of Water Storage Changes in the
North China Plain Obtained Based on Gravity Satellite and
GLDAS Hydrological Models from 2003 to 2021, and
Annual Inbound Water Transfer from the South-North
Water Transfer Central Project from 2014 to 2021
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Tab.4 Comparison of the Rate of Change of Water Storage in the North China Plain with the Rate of Inbound Water
Transfer from South to North from 2004 to 2021/(cm-a™")
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