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ABSTRACT

Land subsidence is an environment geological disaster which is
caused by natural and human factors, loss of ground elevation, which
may induced a series of disasters chain, so it is a permanent and
non-compensation resources and environmental losses. Land
subsidence was discovered since the 1960 s in Beijing, it has the
rapid development of the trend in the plain, now, the two largest
centers of subsidence in south and north has been formed. In the most
rapid developing area, land subsidence is still developing with the
speed of 30-60 mm/a. Regional land subsidence has induced harm
and impact with varying degrees on many infrastructufes in Beijing,
which has seriously affected the sustainable development of the
social, economic, and people’s lives.

In the book, I have learned and summarized the monitoring
method and evolution mechanism on land subsidence at home and
abroad systematically. Chose the typical settlement area as the study
area, | have used the multi-temporal InSAR method incorporating

both persistent scatterer and small baseline approaches, obtain
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monitoring information of regional land subsidence. Under different
situation of space development and utilization, I have analyzed the
time series evolution of uneven settlement .Then researching that
groundwater dynamic changes. static and dynamic load evolution,

geological structure are in the role of land subsidence, reveal the
formation mechanism of land subsidence under the multi-role
combining qualitative and quantitative methods. The main contents

and conclusions are as follows:

1. Multi-temporal INSAR method incorporating both persistent
scatterer and small baseline approaches to obtain settlement
information

I have used the merge method of PS-InSAR and SBAS to get
the monitoring information of land subsidence from 2003 to
2009.The analysis results shows: the developing speed of land
subsidence is very quickly in this time of Beijing. The maximum
settlement ratio is 41.43 mm per year; from the development trend of
settlement ratio by InSAR method, it found that land subsidence
especially the uheven settlement, whose temporal and spatial degree

and range will be further increased year by year.

2. Analyze the time series evolution of uneven settlement

in typical area

On the basis of obtain settlement information by multi-temporal
InSAR method incorporating both persistent scatterer and small

baseline approaches, reference to the different situation of space
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development and utilization, the square of 6 km’ size is as the
moving window, I have chosen five small typical area, analyzing the
time series evolution of uneven settlement:

1) Typical area 1: In the different years, the differences of
seasonal changes are larger.

Seasonal deformation characteristics are significant in 2004; the
volatility of seasonal deformation characteristics is obviously, the
maximum settlement ratio is in winter; the feature of spatial
evolution is clustered distribution of pellets.

2) Typical area 2: Within one year, settlement fluctuates
significantly temporally, the spatial distribution is more uniforms;
Evolution of annual: in spring, the smaller deformation is mainly
distributed in the north, other seasons; the PS points of different scale
are distributed as discrete-like uniformly.

3) Typical area 3: Different years, the differences of seasonal
changes are exist; in the same year, for PS point, the differences of
spatial distribution is obviously.

4) Typical area 4: For regional settlement, temporal and spatial
variability in different seasons is obviously.2004, spatial settlement
distribution pattern of PS points are about same, the difference is
little in different seasons, while, the distribution is more evenly;
2008, the amplitude of seasonal variation is moderate, but the
settlement of PS points is unevenly, temporal and spatial variability
in different seasons is more significant.

5) Typical area 5: Land subsidence which temporal and spatial

variability of different seasons is significant, in 2004: the settlement
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value of PS points are differential, but the spatial distribution is
even; in 2008, seasonal volatility is very obviously, spatial
distribution pattern is controlled by gianmen-liangxiang-shuiyi fault.
6) The comprehensive analysis results suggests: the complex
situations of space development and utilization which affects the
trend of the region’s uneven settlement; the easier situation of space
development and utilization, the smaller of settlement gradient, the

less obviously of uneven settlement trend.

3. Dynamic change of groundwater funnel and regional
land subsidence response

Apply GIS spatial analysis, remote sensing techniques,
statistical analysis and so on, on the basis of meteorological
monitoring data with long time series and groundwater monitoring
information, the study gives a systematical analysis of temporal and
spatial evolution of rain in Beijing, then reveal that the formation of
groundwater funnel and the response for the precipitation recharge.
At last, it combined the groundwater dynamic long-term observation
network data, InSAR monitoring results, research the procedure of
dynamic change of groundwater funnel and regional land subsidence
response.

1) Analysis temporal and spatial evolution of rain in Beijing
systematically; As the decreasing precipitation and rapid expansion
of urbanization, which reducing the amount of effective recharge of
precipitation to groundwater, led to long-term over-exploitation of

groundwater indirectly, while induced regional land subsidence.



2) Reveal that the formation and evolution of ground water
funnel in Beijing: the ground water funnel has formed in 1975, up to
2001, the area of ground water funnel is 1000 km”, whose expansion
rate is accelerating (12.5-34 km*a); 2005-2009, the groundwater
funnel center is located in the eastern of chaoyang region, the area
whose groundwater are declining seriously are expanding, the spatial
expansion pattern of ground water funnel is extending to the
northeast gradually.

3) Based on GIS spatial analysis technology and the conventional
monitoring data, it revealed the formation and evolution of five
typical settlement cone in Beijing: dongbalizhuang-dajiaoting settlement
funnel . laiguangying settlement funnel in chaoyang district, which are
the longest history of land subsidence and the most representative; in the
Suburbs, changing chahe-baxianzhuang funnel. daxing yufa-lixian.
shunyi pinggezhuang, these are new representative settlement area,
through they are formed lately, but the expansion is very fast, the
maximum cumulative settlement is 1,086 mm which appeared in
changing chahe-baxianzhuang funnel 1,086 mm.

4) combining fhe settlement response information by InSAR
technology with the dynamic evolution of ground water level, which
revealed that It was revealed that a consistency existed between the
groundwater funnel and spatial distribution characteristics of land
subsidence cone but not entirely.This suggests: in Beijing area,
although land subsidence occurred mainly caused by the exploitation
of groundwater, the expansion area of land subsidence are correlation

to the hydrogeological conditions, thickness of the compressible
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layer, stratum structure, groundwater extraction layer.

5) Choosing five typical areas whose have different space
development and utilization, it analyzed the relationship between
dynamic change of ground water level in different aquifer system and
settlement for PS points: different aquifer systems make different
contribution to land subsidence; overall, the evolution of land
subsidence has the low correlation to the unconfined aquifer water,
but which has the high correlation to the confined aquifer, and both

was in direct proportion.

4. Static and dynamic load evolution and response of land
subsidence

Draw method based on building land index by remote sensing
technology, the study inversed the remote sensing construction Index
based on three index (IBI index), obtaining the temporal and spatial
evolution information of built-up areas in Beijing(2003-2009 ); based
on the InNSAR monitoring resﬁlts and IBI index method, combining
the GIS spatial analysis methods, in the view of different pixel
scales, it analyzed the relationship between temporal and spatial
evolution of load and land subsidence.

1) Based on the inversion of indexs (NDBI. MNDWI. SAVD),
using the Erdas Modeler method to inverse the IBI index, the study
obtained the temporal and spatial evolution information of built-up
areas (Static and dynamic load) .Then the accuracy was verified.

2) Using the InNSAR monitoring results and IBI index method,

GIS spatial analysis methods, in the view of different pixel scales,
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