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Abstract: The North China Plain (NCP) is one of the biggest groundwater systems in the world, and land subsidence occurs

commonly. Due to diverse sedimentary environments, different geological conditions, and intensive groundwater exploitation, the
mechanism of land subsidence is complex. With the help of earth observing technique and traditional monitoring tools, the disaster
process of land subsidence was monitored, and the developing history and current situation were analyzed. Combined with strain—

stress diagrams and soil mechanics tests, the difference features of land subsidence and the mechanism of hysteretic deformation

were analyzed. Some conclusions have been reached: (1) The spatial distribution of land subsidence is significantly distinct. The
land subsidence areas are mainly located in the areas of the Quaternary sedimentary depressions, having characteristics of west—east
sub—zone and north—south subsection. The spatial development of land subsidence is partially controlled by NE— and NW—trending
structures. The land subsidence in the Cangxian uplift is serious in that the tectogenesis is relatively inactive in Quaternary and the
loose sediments are very thick. Also, there exist paleochannels of three layers with the same strike as the structures, whose
groundwater resource is abundant and has been intensively exploited. (2) The development of subsidence is correlated with the local
groundwater exploitation history, and the major contribution layers to the land subsidence have varied with the change of exploited
layers. The contribution of the strata below 100m has increased in the Beijing plain. The land subsidence of the Tianjin plain mainly
comes from the compression of the strata below 300 m. (3) The drought is an important and indirect factor leading to subsidence by
reducing natural recharge and leading to the increase of groundwater exploitation for emergency water supply. Besides, in the
groundwater exploitation, much attention should be paid to the effect of the heavy weight of densely constructed buildings,
dewatering of foundation pits, and the exploitation of deep geothermal water. (4) The hysteresis of land subsidence is obvious, and
the time of hysteresis can last for twenty— five years. Besides the consolidation, the creep is another important reason for the
hysteresis. The creep is obvious for the Pleistocene strata, which can reach 28.3% of the total deformation for the Late Pleistocene
strata in the Cangxian uplift. (5) The deformation characteristics of the soil layer bear strong relationship to the physical
characteristics and change pattern of groundwater levels. The strata at different depths have distinct deformation characteristics such

as elastic, visco—elastic, and visco—elastic—plastic deformations. Shallow aquifer groups indicate typical elastic deformation.
Key words: North China Plain; land subsidence; deformation characteristics; groundwater level; hysteresis
subsidence; E—mail: guohp@mail.cigem.gov.cn.
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Fig.1 The GRACE—derived change in groundwater storage

with time in the North China Plain (NCP)
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Table 1 The GRACE—derived change in groundwater
storage from 2004 to 2015

Ay TR (emH,0)
2004 7.95
2005 3.56
2006 -0.17
2007 -1.61
2008 2.82
2009 -6.92
2010 -6.01
2011 -6.88
2012 513
2013 530
2014 -11.01
2015 -15.63
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Fig.2 Change of water level depths in centers of several
major deep groundwater depression cones in the NCP

R 219752010 F LA FREZRE T KR+
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Table 2 Change of water level depths in centers of several
major deep groundwater depression cones from 1975 to
2010 in the NCP

IRA R /m
K3 58
1975 18.6 194 50.1 32.8 89

)

IR Y

1980 332 407 69.7 50.0 30.1
1985 527 634 748 559 449
1990 554 675 81.8 56.5 61.1

1995 629 769 904 76.1 68.6
2000 837 876 951 100.8 78.2
2005 928 80.1 101.1 101.4 63.8

2010 640 860 989 923 76.6
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Fig.4 Subsidence rate map of 2003—2010 overlying a shaded relief map containing geological features in the NCP
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Table 3 The average annual rainfall from 1961 to 2010 in

the Beijing plain
Ay FE &K S /mm
1961—1965 564.4
1966—1970 603.6
1971—1975 490.2
1976—1980 645.4
1981—1985 527.5
1986—1990 632.4
1991—1995 636.4
1996—2000 500.3
2001—2005 410.4
2006—2010 486.2
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Fig.6 The temporal percentage of the deformation for the
strata at depths of more than 100m in total settlement in the
Beijing plain
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Table 4 Percentage of the deformation for different strata in the Tianjin plain (2004-2013)

PNIERL] [ Pk
Wz
2004—2008  2009—2013  2004—2008 2009—2013  2004—2008  2009—2013

&z 6.99 4.00 0.58 7.84 5.20
B4l 9.18 6.64 0.42 23.47 15.00
ot 8.25 4.02 15.70 15.11 20.50 5.83
= 7.08 2418 42.47 16.66 5.70 11.11
BIHTL T 58.50 61.21 40.47 67.23 54.90 62.79
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Fig. 7 The temporal variation of the groundwater level depth
and deformation of the third compression layer in the
downtown of Cangzhou
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Table S The groundwater level depth and deformation of
the first and the third compression layers from 2004 to
2013 in the downtown of Cangzhou
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S Ay - -
AT HER/m BT /mm KA /m B4R T /mm
7—9 32 23 69.6 -1.1
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0—12 39 =53 67.7 -04
1—3 4.8 92 683 -1.0
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7—9 34 -12.2 70.6 -4.2
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1—3 22 -10.4 689 -4.5
4—6 4.7 -13.9 693 =57
2012
7—9 35 -12.5 703 -7.4
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Fig. 9 The creep curve for silt clay at 69 m depth in the
subsidence area of Cangzhou
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Table 6 The deformation characteristics of different soil layers under different change patterns of groundwater levels in the
Tianjin plain
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