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Correlation between land subsidence and groundwater exploitation and forecast of land subsidence

YANG L1 ping,ZHOU Zht hua
(Tianjin Hydraulic Research Institute, Tianjin 300061, China)
Abstract: The excessive exploitation of groundwater is the main cause of land subsidence in T ianjin. By analyzing the groundw a
ter exploitation and land subsidence data from 1980 to 2013 of the central area of Tianjin, Tanggu, H angu and Dagang District,
the correlation model of the cumulative amount of land subsidence and groundw ater exploitation was established. The results
show ed that the error was small when the model simulated the cumulative amount of land subsidence. On this basis, combined
with the actual situation, 3 groundw ater extraction plans were designed to forecast the regional land subsidence from 2014 to
2020. The results showed that the scheme 3 was the optimum groundwater exploitation scheme, the reduction ratios of the year
settlement and cumulative settlement bet ween scheme 3 and 1 were about 68. 29% and 5 47% , and were 65 65% and 4 97%
betw een scheme 3 and 2. In addition, the rate of land subsidence would significantly reduce when the South to North Water D1
version Project was carried out.
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Fig. 1 The isoline map of accum ulative land subsiden ce

from 1985 to 2013 in Tianjin
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Fig. 2 The accumulative land subsidence of the

central area and Binhai new area

3
Fig.3 The groundwater exploitation of the central

area and Binhai new area
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Tab. 1 Results of regression analysis between

the cumulative volume of groundwater

ETEES-s s T
ﬁ AR TR 28 R

e D35k

FULEEX 0.006  57.1
X 0.012 - 12.3 S»=0.0120,- 12.3 0.976
Pk IX 0.009 1043

Si=0.006Q;+ 57. 1 0. 908

S3= 0. 009Q3+ 104.3 0. 992

KHEX 0.007  59.25  S4= 0.007Q4+ 59.25 0. 996
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Tab.2 The error analysis of simulation results of the model
1R 2R
Xk 10%~  30%~ 50%~
1%
<W0% 300 sow 1000 > 100%
LI X 2.9 17.6  11.8  47.1  20.6
P X 13.8  27.6 37.9 13.8 6.9
q;ﬂ P X 6.9 41.4  37.9 13.8 0.0
G35
Ktk X 24.1 24.1  37.9 13.8 0.0
F 11.9 27.7  31.4 22.1 6.9

LR X 58.8 38.2 2.9 0.0 0.0

L BEWX 82.8 10.3 6.9 0.0 0.0

2t
vk DUHIX 66.7 33.3 3.7 3.7 0.0
T oREX 4.4 552 3.4 00 0.0
Sy 62.4  34.3 4.2 0.9 0.0
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4

Fig. 4 Comparison of measured and calculated values of cumulative subsidence
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Tab.3 Design of groundwater ex ploitation plan
Fr UES T H

YEFF 2013 4E 1R AT R RAZ,
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T 5 A RSB R 1
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underground water in coastal area

Tab.4 The compressive exploitation plan of

DL 2013 43 R K TFR =k i,

TR BAT KK W, IR

2 AR BEAE 2%, BN 2014 4 FFELLE B 4 1
2020 b TR G AE - [ LNITNIN 4= R RN
BL2013 s PACTER B IHE. oy ok e ok i
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123229 mm 11024 82 mm. 7£%EHF KER
BT ZE 305 00K, Bk DX iy DR DX AR %
BN R 7 5 mm.0 92 mm A1 Q 79 mm, [7] I 5
2020 RV IFE 535 4 759 67 mm.1 113 13 mm
1868 57 mm. M5 WJLLE H, TR IET R 1T

NPp— SR
X I P ﬁ/ﬁc%}fn/lt;m fﬁf;-l‘n/‘r;z
2014 339. 83 1.002. 17
2015 351.5 650. 67
2016 25. 4 625.27
B IX 2017 0 625.27
2018 0 625.27
2019 0 625.27
2020 0 625.27
2014 921.5 1452.5
2015 481.95 970. 55
2016 424. 81 545.74
POEK 2017 443, 47 102. 27
2018 0 102. 27
2019 0 102. 27
2020 0 102.27
2014 1125.56 3 184. 44
2015 972. 67 2211.77
2016 213.76 1 998. 01
KX 2017 0 113.52
2018 0 113.52
2019 0 113.52
2020 0 113.52
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6
Fig. 6 Ground subsidence prediction of T anggu

7
Fig. 7 Ground subsiden ce prediction of Hangu

8
Fig. 8 Ground subsidence prediction of Dagang
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Tab.5 Comparison between Scheme 3 and Scheme 1, Scheme 2
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