Remote Sensing Technology Applied to
Monitor Land Subsidence in CRAF
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* Introduction

» Synergy of Monitoring Sensors
* INSAR Technology

- Differential Radar Interferometry (DINSAR)

- Persistent Scatterer Interferometry (PSI)

e Fusion of PSI and Leveling-derived Vertical Displacements

e Discussion and Conclusions
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Choushul River A

1 1.Fine-granted sediment 2. Groundwater variation
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Spatial Resolution Measurement Frequency Measurement (Vertical) Accuracy
Leveling 1.5-2km 1 year 0.5-1cm

Continuous GPS 10 - 15 km 1 day 05-1cm

Monitoring Well 5-10km 1 month 0.1-0.5cm

DInSAR 25 m 35 days 2cm
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GPS Technology Appli
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Apply GPS to mo
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§Satellite The Major Advantages of INSAR
H(%Ck 1.Spacial-wise deformation

2.High accuracy
Two Types of INSAR

1.Differencial INSAR (DINSAR)
2.Persistent Scatterer INSAR (PSI)

Interferogram

radar wave of firstimage

% radar wave of second image
- Interferometric result
&2n-> (phasedifference)
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Characteristics a
Civilian Ra

. Orbital
Satel!ltg UG | el e Band | Repetition Applications
Abbreviation Date (cm)
Cycle (days)
SEASAT 1978 23.5 L 3 Ocean temperature, Wind waves, Hydrology
ERS-1/2 |1991/1995 56 C 35 Hydrolog_y, Topogrgphlc mapping, Surface
deformation detection
JERS-1 1992 235 L 44 Topographlc mapping, Land cover a_nd I_and
use mapping, and Environment application
Topographic mapping, Land cover and land
SIR-C 1994 [3.2/5.6/23.5| X/ C/L| wvariable | use mapping, Hydrology and Environment
application
RADARSAT | 1995 56 C 24 Ocear_l temperature, Hydrol_ogy, Topo_graphlc
mapping, Surface deformation detection
Atmospheric chemistry, Biological
ENVISAT 2002 5 6 C 35 oceanography, Ocean t_emperature, Wind
waves, Hydrology, Agriculture and
arboriculture, Natural hazard monitoring
Topographic mapping, Surface deformation
ALOS A0 285 L & detection, Land cover and land use mapping,
Rapid emergency response and Evironment
TerraSAR-X | 2007 3.2 X 11

application
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DINSAR Process

Calculating differential trend
between Ieveling & PSI

PSI Process
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1 n
O 5 and Ha are the standard Ha= H;VAU)
deviation and the mean of a

series of amplitude values,
respectively.

13 —
Op= \/HZ(\/P(D _VP(i))2
i1

The amplitude dispersion index, , I1s defined by Ferretti et

al. 20017 as

mplitude Data

There is a statistical relationship
between amplitude stability and
phase stability, consideration of
amplitude is useful both to reduce
the number of pixels for phase
analysis, and to better estimate the
probability of a pixel being a PS.

[Ferretti et al., 2001; Hooper et al., 2007]



Dri = Daet xi T Puxi T Povxi T Pexi T Nyi @

¢def IS the phase change due to movement of the pixel in
the satellite line-of-sight direction

¢g IS the residual phase due to look angle error (DEM
error)

¢a Is the phase due to the difference in atmospheric delay
between passes

¢orb IS the residual phase due to satellite orbit inaccuracies

N is a noise term due to variability in scattering, thermal
noise, co-registration errors etc.

“Phase Data
We define a measure of the variation of this residual phase for a pixel as

Zexp{\/__l(¢x,i R ~x,i _Aé;,x,i)}{

where N s the number of interferograms

—~

¢x,i Is a wrapped estimate of the spatially correlated parts of each of the terms

_1
%=

7u
A¢8,X,i denotes the spatially uncorrected part of ¢g,x,i



‘ASAR Images from
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In this paper, we used 20 images from August 2006 to

September 2008 to estimate vertical displacements
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LOS displacement rate (mm/year)

The 20 interferograms were stacked to
obtain the mean LOS displacement
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The 20 time-series interferograms over
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Vertical Displace
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® Fusion of PSI
vertical d

m Leveling : High Vertical Accuracy; Low Density
. Low Vertical Accuracy; High Density
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5. Discussion and Co

B PSI Benefit

- More detailed spatial and temporal coverage
- Better represents the overall subsidence pattern.

m Future Work

-Wavelet functions or Spectral combinations can be employed.
-Use PSI to monitor Taiwan'’s deformation, validated by 300
continuous GPS stations
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