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Design Parameters and Environmental Factors Affecting Feasibility

Deformation Monitoring by Satellite

Interferometry

The introduction of imaging radar has been a very important development in

remote sensing since the early 1960s. It has opened up many new applications

in geoscience and astronomy and provides an alternative to optical imaging,

which needs solar illumination and cloudless skies. Imaging radar may be

employed for measuring spatial variations in the distance to the earth, for

example those caused by relief, using two images obtained by Interferometric

Synthetic Aperture Radar (InSAR). The feasibility of deformation monitoring

by InSAR may be quickly evaluated by considering a limited number of design
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parameters and environmental factors. The authors treat these parameters and

factors in greater detail.
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Figure 1, Main
paranteters
affecting the
feasibility of
deformation
monitoring using
satellite radar
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InSAR applied on board of a
satellite is able to image, with a
one month revisit period, any
given area on earth. Temporal
variations in the satellite-earth
distance due to deformations
such as subsidence, earthquakes
and volcanoes may also be mea-
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sured, with accuracy starting at
the sub-cm level.

When is InSAR feasible for a par-
ticular project on deformation
monitoring? This depends on two
main groups of parameters (Fig-
ure 1):

+ design parameters, mainly con-

sisting of radar wavelength A
(3-24 c¢m), perpendicular base-
line B. (effective distance
between the satellites), tempo-
ral baseline Br, , which is the
time interval between the
image acquisitions, and the
total number of images

< environmental factors, consist-
ing of earth's atmosphere A, the
characteristics of the deforma-
tion D, and the surface §

Radar Wavelength

The Line-Of-Sight (LOS) defor-
mation between two images is
measured as a fraction of the
(semi) wavelength. Depending
on the Signal-to-Noise Ratio
(SNR), the accuracy of the phase
measurement directly affects the
accuracy of the deformation. This
calls for short wavelengths with
high SNRs. However, a short
wavelength (3 cm) is reflected by
small objects like tree leaves. In
fact, the radar return is the sum of
the contributions of all the small
objects within the resolution cell.

Return is sum of contributions
of all small objects within the
resolution cell

Random movements of small
objects disturb the analysis of the
phase signal. Therefore, often a
larger wavelength is preferred. A
wavelength of 24 cm is reflected
more significantly by larger
objects, penetrates through
foliage and reflects closer to the
ground beneath trees. Statisti-
cally, there is less movement or
variation in these larger objects,
which limits disturbance in the
phase signal analysis. Wave-
lengths larger than 24 cm will
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Although eadar waves are nod
hidered by clowds, the atmos-
phere delays radio waves non-
homompmesusly, resulting in spa-
Hally warying errors in distance
measurements, The degree of dis-
turbance depends on climatic
conditions and the kxal weather
situation Weathor processes
associted with raln, convective
chds and fronts useally resull
it o significant signal error, wp to
o |l|.|| cepbimiElnes. Since @
pistential deformation signal is
meazured  relatively  between
paints in the mage, a kaner dis-
fance belwesn points resadlis moon
increase in the atmospheric ermor
zignal-

Deformation Characieristics

Imaccwracies in  satellite  orbit
resull in largr-scale trends ard
atmospheric signal i smooth
phase varability over & wids
range of scale Deformation.
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spatial as well ns in magnitude
will be difficult to distinguish
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developed, Spatial deformation
gradients bebwesn naighbotiring
pixels mesd o be less than the
radar wavelsngth

Surface Reflactions

By tar the most important envi-
ronmental parameter = ihe
reflective surface. Deformation
measures can only be derived in
the case of coberent scattering
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corrtlation betwoen tho images is
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carnied ouk when the local retlec-
tivity of the lermain changes in
time. Changing reflection charac-
leristics over time within a reso-
luation cell shoold, therefome, e
avidded. This effectively makes
wiher uSeless for inlerfernmeiry,
sinee it changes s physical
shape within millizeconds. For
temporal baselines of several
werks, this same factor also often
excludis agricultural and heavily
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reflectivity of B terrain changes in time

veprlated lands, as well as ansas
of human activity such as con-
structon works, A coherent inker
ferogram rmesults in a smooth
fringe-patierm [Figure 2B}, Aneas
of low-coherence cormespond fooa
noigy fringe pattern (Figure 2C)
Since (e cohemence = an impor-
tant quality measare, it needs o
be estdmated per pivel. For this
repeaied measurements under
idenfical conditons
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conventional approach this is
impossible because only two
images are used, resulting in no
redundancy. Spatial averages

Recognition of pixels
with stable scattering
characteristics is very hard

within a window centred at the
pixel are therefore commonly
used, assuming ergodicity. Al-

though this assumption holds in-

many situations, especially when
the terrain characteristics are
homogeneous and short tempo-
ral baselines are used (Figure 2B),
it fails in interferograms with
spatially varying scattering con-
ditions. Consequently, many
interferograms with a long tem-
poral baseline are considerably
decorrelated, especially in vege-
tated regions (Figure 2C). Build-
ings, rocks or infrastructural
works maintain their scattering

characteristics over long time.

periods and under varying view-
ing geometries. Recognition of
pixels with stable scattering char-
acteristics (both in amplitude and
phase) is very difficult, especially
when these pixels are isolated
amidst decorrelated areas.

Permanent Scatterers

The design parameters under dis-
cussion may be obtained from
databases made available by the
space agencies exploiting satel-
lites. Environmental parameters
are often more difficult to predict
and need to be modelled stochas-
tically. Although these factors
were previously considered to be
limiting factors, new develop-
ments such as the Permanent Scat-
terers (PS) technique have broad-
ened the range of applicability.

PS was developed to detect iso-
lated coherent targets and to
tackle the problem of atmos-
pheric delay errors at the expense
of many images (over twenty)
and a sparse, pixel-by-pixel based

evaluation. Point targets, which -

are not affected by temporal
changes, are recognised by a sta-
tistical analysis of their amplitude
in all SAR images (Figure 3). The
contribution of topography and
atmosphere may be estimated

and removed by carefully exploit-
ing their different time-space
behaviour. This increases the
measurement accuracy from cen-
timetre to millimetre level. The
combination of all permanent
scatterers resembles a standard
geodetic network, although the
positions of the points are found

- by chance and cannot be opti-

mised. Nonetheless, although the
average point density for urban
areas is generally between 0.5
and 2.5 of the original number of
pixels, this corresponds to 50-300
points per kilometre - far more
than typical levelling or GPS sur-
veys - making optimisation less
important than it is in standard
geodetic network design. The
accuracy of PS deformation mea-
surements lies in the millimetre
range, for linear deformation
even higher than 0.1 millimetre
per year. The high repeat rate of
new acquisitions leads to a timely
identification of changing defor-
mation characteristics. This is
important, for example, in moni-

" toring the stability of individual

buildings.

Example

An example of the results that can
be achieved by means of the PS
technique is shown in Figure 3.
Figure 3a shows the LOS velocity
field across Raymond Fault in
California, estimated from 55 ERS
acquisitions. The PS density is
very high (more than 200
PS/km?), so that the estimated
LOS velocity field looks continu-
ous. The estimated accuracy of
the velocity values is better than

- 0.5 millimetre per year. Figure 3b

shows a close-up on cross section
AA’. Here location and velocity of
the PS {(colour-coded) have been
highlighted and their density
may be better appreciated. Figure
3c shows LOS displacement rates
relative to the PS along section
AA’. The stepwise. discontinuity
of about 2 millimetre per year
may be easily identified and the
hanging wall of the fault can be
located with an accuracy of a few
tens of metres.

Future

Dedicated InSAR satellite mis-
sions are currently proposed to
allow for long time series of inter-
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ferometric data over areas of
deformation, for example for
earthquake, volcano, glacier and
subsidence monitoring.
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