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Land subsidence in Xiongan New Area, China revealed by InSAR
observations
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Abstract: In 2017, China's central government approved the national strategy to build Xiong'an New Area (XNA, 100 km
southwest to Beijing), which was announced as a "millennium strategy" and a "demo area" for a sustainable, modern, and inno-
vative urban model. Xiong'an will draw in as much as $380 billion investment and is expected to help accelerate the develop-
ment of the wider Beijing-Tianjin-Hebei (Jingjinji) Area. In this paper, present subsidence in the XNA area is investigated using
InSAR observations for the first time. The 24 SAR images acquired by European Space Agency's Sentinel-1 satellites during the
period from June 2017 to July 2018 suggest that in the north of Xiong County, the subsidence rate reach up to 90 mm/year,
which is highly correlated with the exploitation of geothermal drilling. As the construction in the XNA area will significantly
accelerate and its high-quality development, the InNSAR findings could provide valuable information for future sustainable urban

planning and underground infrastructure construction.
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1 INTRODUCTION

Xiongan New Area (XNA), established in April 2017, is locat-
ed about 100 km southwest of Beijing, as a state-level new area in
Baoding of Hebei province, China. XNA's development takes
place under the direct oversight of the Central Committee of the
Communist Party of China and the State Council (Xinhuanet,
2017), which is described as part of the "millennium strategy" and
"national strategy". By the middle of the century, it will become a
significant part of the world-class Beijing-Tianjin-Hebei (Jingjinji)
city cluster, effectively performing Beijing's non-capital functions
and providing the Chinese solution to "big city malaise" (The Tele-
graph, 2018). As the Beijing Plain has suffered from land subsid-
ence for a long time with the subsidence bowl found in Eastern
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Beijing (Chen et al. 2016), Tianjin (Liu et al., 2016; Zhang et al.
2019), and Langfang (Zhang et al. 2016), evaluation of the subsid-
ence of the XNA area would provide important information and ef-
fective support for its long-term urban planning and sustainable de-
velopment.

Interferometric Synthetic Aperture Radar (InSAR), a unique
space-based remote sensing tool to measure the Earth's surface, has
been widely used in city subsidence monitoring (Chaussard et al.
2014; Tomas et al. 2014; Dai et al. 2015; Motagh et al. 2017; Chen
et al. 2019). Compared to the conventional survey techniques, In-
SAR features wide coverage, high spatial resolution, high preci-
sion and low cost. In previous InSAR studies (Chen et al., 2016;
Chen et al., 2019; Ge et al., 2017; Liu et al., 2016; Zhang et al.,
2016), it was reported that there was severe subsidence in east of
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Beijing and west of Tianjin, but detailed analysis of the XNA area
was absent. Zhang et al. (2018) monitored the ground subsidence
in Hengshui to north Tianjin area (including the XNA area) using
InSAR techniques with RADARSAT-2 images from 2012—2016,
finding that there was subsidence around Xiong county. As the
XNA area was officially established in April 2017, a large number
of infrastructures will be constructed in the following years.
Hence, it is urgent to investigate the present subsidence in the
XNA area using InSAR observations.

2 STUDY AREA AND DATA SETS

As shown in Fig. 1, Xiong'an New Area is located in the Hebei

Province, North China (marked as a red star in Fig. 1 top left cor-

Q&

ner inset), about 100 km to Beijing, 100 km to Tianjin and 100 km
to Shijiazhuang. The construction of this area was announced to the
public out of the blue on April 1, 2017, in which around 100 km*
was called 'starting zone' in the initial construction and 200 km”* in
the mid-term, 2000 km® in the long-term planning. The boundary
of Xiong'an New Area is marked with the red polygon in Fig. 1,
which covers the contemporary three counties, (namely Xiong
county, Rongcheng county and Anxin county) with a total land ar-
ea of 1560 km” and a population of 1.127 million (Jiang et al.
2018). Baoding, Renqiu, Bazhou and Gaobeidian are the nearest
cities in the west, south, northeast and north of Xiong'an New Ar-
ea, respectively. The blue rectangle denotes the coverage of the

Sentinel-1 SAR images.

Fig.1 The location of Xiong’an New Area. Note that the blue rectangle indicates the coverage of the descending Sentinel—1 images

To investigate the subsidence of Xiong'an New Area from June
2017 to July 2018, 24 images were acquired by Sentinel-1 satel-
lites, which are conducted by the European Space Agency (ESA)
carrying a C-band synthetic aperture radar instrument to provide a
collection of data in all-weather, day and night. These images were
in the Interferometric Wide swath (IW) TOPS mode with a wave-
length of 5.6 cm. The pixel spacing in slant range and azimuth di-
rection of these middle-resolution SAR data are 2.3 m and 13.9 m,
respectively. With 167 m and 80 days as the perpendicular baseline
and the temporal baseline threshold respectively, in total 85 inter-
ferometric pairs were generated to perform the time series InNSAR
analysis. The detailed acquisition date of each image and interfero-
metric pairs are shown in Fig. 2. The ALOS World 3D (AW3D30)
digital surface model (DSM) (JAXA, 2018) was used in this study
as the external DEM to remove the topographic contributions in
the phase measurements.

150

2017110322180102
100 50170016 0
2018 5015
20170624 93030502 20180514
50 A ]
l‘ \

20170612\
\\
\\

6
18"

o
2=
=
~1
—

20170730 1010 1127
20180207

=50 >/
~100 W 20180619

20180420

Relative Position/m
[ ]
(=]
3
S
(=3

-150
2017-04-01 2017-08-16 2017-12-31 2018-05-17 2018-10-01
Acquisition Date

Fig.2  The spatial and temporal baselines of the SAR data sets
used in this study
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3 METHODOLOGY

A SBAS-InSAR method was used in this study to derive the
mean subsidence velocity map and time series subsidence of the
XNA area. This method was performed in the ENVI SARscape
software and the key steps are presented below.

Assuming N+ SLC images covering the area of interests were

acquired at the acquistion time (LO,LI,... t ), one super master im-

*“n+1
age was selected and all the rest of the images were coregistered in-
to the super master image. M interferometric pairs were selected
and connected according to the given perpendicular baseline and
temporal baseline thresholds. Subsequently, with the external
DEM, interferometric process was performed including interfero-
gram generation, removal of flat and topographic effects, filtering
the interferogram and phase unwrapping with the minimum cost
flow (MCF) method.

The interferometric unwrapped phase of an arbitrary pixel (x,7)
in the j" interferogram (t,>1),ie. 8¢/(x,r), can be written as,

64)’( x7r) = d){hf(xﬂr) + d){ol)u(xﬂr) + (b{L[II)(‘x’r) + (‘T’){Iu[xe(x’r)
[d(tg,x,r) - d(h,x,r)] + M

rsinf

_ 4m

A + Ad

+ An
(1)

where A denotes the radar wavelength; d(t B,x,r)and d( t A,x,r) are

atm

the accumulated displacement in the radar line of sight (LOS) di-

to the perpendicular baseline B, and the elevation differenceA ,;
Ad

Ad,, and A can be separated from the interferometric phase by a

atm

denotes atmospheric artifacts; A, is decorrelation noise.

atm

high-pass filter in the time domain and low-pass filter in the spatial
domain (Goldstein et al. 1995).
The ¢, (x.r) in Eq. (1) could be expressed with the mean phase

velocity between time adjacent acquisitions as,
T d)l (bw - d)sv— 1
o' = [1}1 =y = } 2)
Iy = Iy
Therefore, the unwrapped interferometric phase 8¢/(x,r) is only

related to ¢/, (x.r) and ¢/, ,(x.r), expressed as,
B LAz
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Combining M unwrapped differential interferograms for pixel
(x,r) into equations (1), (2) and (3), N unknown deformation rates
and the topographic error Z(x, ») can be solved in a least squares
sense (If all the acquisitions are well connected, we should have an
overdetermined system, i.e. M > N+1). This calculation was includ-
ed in the first inversion. After the re-unwrapping step to correct
some interferograms, the second inversion was performed to re-
move atmospheric artifacts again. As a result, the refined average
displacement rate, time series displacement and topographic correc-
tion were acquired. The whole flowchart is shown in Fig. 3 and

rection; d){wo(x,r) accounts for the topographic residue with respect more details can be found in Guo et al. (2017).
N+1 SLCs
[ Connection of interferometric pairs J
* e G S ,
v{ Interferometric process )‘ | — - - |
| ¥ DEM | Estimation of residual hdeight and |
| | the displacement velocil
| | Interferogram generation | | | P vy |
12 |
| v I | :

. |
| Removal of flat and | | | Re-unwrapping(RG) | )
| topographic effect | —_—————— == vy T~
| |

~ Second inversion -
| | i )
| | : APS estimation and removal !
| I Unwrapping(MCF) | | P ————— —— — —— —— )
e & Sttt > ' 1
- Time series Topographic Average
( Refinement and reflattening H GCPs | displacement correction displacement rate

Fig.3 Flowchart of the SBAS InSAR method

4 RESULTS AND ANALYSIS

4.1 Mean velocity and time series displacement

The mean subsidence velocity was derived by the SBAS In-
SAR method based on the Sentinel-1 images from June 2017 to Ju-
ly 2018. It is clear in Fig. 4 that two obvious subsidence zones can
be observed, marked by white dotted lines. One is on the south of
Xiongan New Area, covering Gaoyang County (i.e. Zone b), with a
maximum subsidence rate of 90 mm/year. The width of this subsid-
ence zone is more than 25 km and the north boundary of this sub-
sidence is very close to Anxin County. The second subsidence one
is in the north of Xiong county with a maximum rate of 90 mm/year

(i.e. Zone a), which is long and narrow (about 30 km long and 5
km wide). The affected area reaches 150 km* which accounts for
28.6% of the whole Xiong County area. In Rong County and most
of Anxin County, no obvious subsidence is observed, suggesting
the ground is stable.

In order to analyze the temporal subsidence in the subsidence
zones, 10 points are selected to extract their corresponding dis-
placement time series during the period from June 2017 to July
2018, whose locations are shown in Fig. 4 (i.e. points 1—10). The
displacement time series of these points are shown in Fig. 5. It can
be seen that the subsidence on all these points exhibit a linear
trend. In the subsidence zone a, in the north of Xiong County,
points #4 and #5 are in the subsidence center and their accumulat-
ed displacements reach up to 85—90 mm. Points #1,#2 and #3 are
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relatively a little further away from the subsidence center with ac-
cumulated displacements of 30—50 mm. In the subsidence zone b,
points #7 and #8 present a maximum accumulation displacement
of 90—95 mm. Points #6 and #9 are close to the boundary of Anx-

*ess0ed’

p Boundary of xiong’an g: % Subsidence area

in County, on which the accumulated displacements decreases to
40—65 mm. Point #10 is in the middle between Gaoyang County
and Rengqiu city with an accumulation displacement of 30 mm.
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Fig.4 Mean subsidence velocity covering Xiong’an New Area
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Fig.5 Displacement time series for Points #1-10 whose

locations are shown in Fig. 4

4.2 Analysis on detailed subsidence with geothermal ex-
ploitation

XNA has rich geothermal resources in the shallow layer, up to

200 meters deep, which may provide more easily accessible sourc-
es of heat for the wide area (Ecns.cn 2017). Xiong County has
achieved overall geothermal coverage for heating purposes and be-
come the first "Smoke-free City" across the country (Wang et al.
2018). In 2003, some residents began to use geothermal resources
for heating. In 2009, a state-owned enterprise boosted the project
of using geothermal heat instead of coal firing. As a result, the area
using geothermal heating increases by several hundred thousand
square meters per year in Xiong county, which has reached up to
4.47 million square meters (China.com, 2017). In Xiong county,
geothermal resources from Karst reservoirs are being developed
for space heating to a very large scale, up to 4.5 million m? using
hot water from a single geothermal field, the largest in the world,
and the coverage of space heating in the county is 95% by geother-
mal (Pang et al. 2018).

Land subsidence is one of the potential risks of geothermal ex-
ploitation, which has been observed in some cases (The Telegra-
phy, 2008; Allis et al. 2009). In order to exploit the relationship be-
tween the subsidence and geothermal drilling in Xiong County, the
subsidence map and the distribution of geothermal wells are over-
laid in Fig. 6a. It should be noted that the geothermal well data was
extracted in 2009 (adapted from Pang, 2011), but the current distri-
bution of geothermal wells would be much denser due to the rapid
development in Xiong county in the last decade. It can be seen that
all of the geothermal wells were distributed mainly in three zones,
in the southwest of Xiong County downtown, in the downtown
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center of Xiong County and in the north of Xiong County down-
town (blue area in Fig. 6(a)). There is no subsidence found in the
former two zones. In the north of Xiong County downtown, the se-
vere subsidence with a maximum rate of 95 mm/year occurred,
where there are a large number of geothermal wells. It is clear that
this narrow and long subsidence area (red area in Fig. 6(a)) has a
high correlation with the distribution of the geothermal wells (blue
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area in Fig. 6(a)). In addition, due to the deep store of geothermal
resources and high economic and technological requirements for
utilization, the east of Xiong County is not suitable for geothermal
exploitation (Pang, 2011) and there is no subsidence found. These
findings may provide significant reference for the long-time plan-
ning of the geothermal and underground exploitation in the XNA
area.
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Fig.6  The enlarged subsidence map in Xiong County

Two severe subsidence zones occurred in the north of the
Xiong County downtown and they were presented in detail. In Fig.
6b, the maximum subsidence occurred with a rate of 82 mm/year
in Baima village, which is close to the Hebei Provincial Road
S333. Zhenma village is in the east of Baima village and the sub-
sidence rate decreases to 60 mm/year. In the north of S333, the sub-
sidence has weakened with a rate of 39 mm/year. As shown in Fig.
6¢c, the maximum subsidence also occurred in Daying town and Xi-
zan village in the north of G18 RongWu highway, with a rate of
94.5 mm/year and 83.7 mm/year, respectively. In Chenzhuang Vil-
lage, at the north of G18, the subsidence rate reaches to 80.3 mm/
year. All of these villages need special attention on the construction
and geothermal exploitation in the future development.

5 CONCLUSIONS

In this paper, the subsidence in the XNA area has been investi-
gated using 24 scenes of ESA's Sentinel-1 SAR images acquired
from June 2017 to July 2018. InSAR time series results suggest

that there are two subsidence zones in the XNA area: one on the
south of Anxin County and the other in the north of Xiong County
with a maximum subsidence rate of 95 mm/year. The subsidence
area in Xiong County has a length of 30 km, affecting 150 km’, ac-
counting for 28.6% of the whole Xiong County area. According to
the time series result, these two subsidence zones exhibit a linear
trend during 2017—2018.

In addition, as Xiong County has rich geothermal resources and
the geothermal exploitation has dramatically accelerated since
2009, the relationship between subsidence and the distribution of
geothermal wells has been analyzed. It was found that in the north
of Xiong County, the subsidence has a strong correlation with the
distribution of geothermal wells. It is speculated that geothermal
drilling would have an effect on the subsidence to some degree in
Xiong County. Detailed analyses on this area reveal that severe
subsidence has occurred in Xizan Village, Baima Village, Chen-
zhuang Village and Daying Town. These findings are believed to
provide valuable information for future urban planning and under-
ground infrastructure construction.
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