Long time scale INSAR by means of high coherence features
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Abstract

The monitoring of dlow deformation processes by means
of SAR Interferometry requeststhe observed areato man-
tain its correlation for more years. This usualy happens
only for those areas having particularly favourable char-
acteristics, such as poor vegetation and dry and no windy
climate. However, even in an area which decorrelates
in a few weeks, a certain number of features has been
observed, which appear to mantain high coherence val-
ues. The aim of this paper is therefore to investigate to
which extent these structures, mainly man-made features,
remain coherent on long time scales. For this purpose, a
time seriesin atest area in the Northern Netherlands has
been generated, with a maximum tempora extension of
3 1/2 years. Even on such along time span, a consider-
able number of highly coherent features has been found.
A sample of such features has then been selected and the
coherence values have been traced in the whole time se-
ries. Thistechnique has revealed to be useful in order to
check the” goodness” interms of coherence of aninterfer-
ogram: in particular, in this way an interferogram could
be identified having generally lower coherence, probably
duetodifferent seasonal conditions. Other testshave been
performed in order to study the coherence as afunction of
time and of the basdline length.

1 Introduction

Itiswell-knownthat astrong limitationfor timerange ap-
plicability of repest-pass differential SAR interferometry
istempora decorrelation. Therefore, we still cannot per-
form longterm studies of slow deformation processeslike
land subsidence and plate tectonics, in spite of the avail-
ability of SAR images over several years. However, we
noticed that even on very long time spans, highly coherent
features are still present, mainly man-made features. We
thuswant to investigate whether or not the coherence sta-
bility of these structures could be used for long time-scale
monitoring of slow deformation processes. Asafirst step,
we generated atime series of interferograms, which con-

stitutesthe database of the present work, spanning differ-
ent time interval s between 1-day up to more than 3 years.
The details and some remarks about the construction of
such time series are shown in section 2. We then selected
asampl e of features showing high coherence onlongtime
scale and we performed some tests onit. Thefirst results
are presented in section 3.

2 The1992-1996timeseries

The database isatime series of interferograms of the area
around the city of Groningen, in the northern part of The
Netherlands. The area is well known for its land subsi-
dence, caused by the extraction of natural gas: therate of
land subsidence is up to 1 cm/yr. In order to be able to
detect it by means of the INSAR technique, monitoring
of the area for more years would be necessary. As afirst
step to assess whether thisis possible, we want to study
thefeatures (mostly man-made structures) which preserve
their coherence on such long periods.

master save | Bpar | Bperp | days | no

16-3-96 | 15-10-92 | 5 25 | 1248
16-3-96

16-3-96 | 17-3-96 | -17 24 1 9
16-3-96 | 11-2-96 | 36 212 34 8
16-3-96 | 20-4-96 | 50 145 35 7
16-3-96 | 21-4-96 18 79 36 6
16-3-96 | 6-1-96 | -109 | -129 70 5
16-3-96 | 20-8-95 | -62 | -272 | 209 | 4
16-3-96 | 19-8-95 | -26 | -190 | 210 | 3

2

1

10-9-92 | 43 52 | 1283

Figure 1: The Groningen dataset. The 5th column shows
thetime span in days, the 6th the serial number of thein-
terferogram
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Figure 2: Perpendicular component of the baseline vs.
tempora gap between the two images for each of thein-
terferograms

The time series generated for this purpose has the fol-
lowing characteristics:

¢ Thesameimageisused as master for al theinterfer-
ometric pairs, in order to guarantee that al the dave
images areinterpolated on the same grid, namely the
measter. Inthisway, agiven pixe representsthe same
areain dl theinterferograms.

o Azimuth filtering has been applied: our tests con-
firmed what was dready highlightedintheliterature
([11.,[2]), i.e. that azimuth filtering highly improves
the coherence. Thisis particularly important for the
longtime scaleinterferograms, wherethe coregistra-
tionismore difficult because of thegenerally low co-
herence. Figure 1 shows the interferograms gener-
ated, and their baseline components, column 5 con-
tains the interferogram seriad numbers, which are
used asreferenceintheplots. Infigure2thedistribu-
tion of the time spans and of the perpendicular com-
ponent of the basdlines is visualized.

e Thefinal products, i.e. the coherence and phase im-
ages, are mediated over 2 pixels x 10lines.
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Figure 3: Coherence image of interferogram no.1 (16-3-
96/10-9-92)
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Figure 4: Coherence image of interferogram no.9 (16-3-
96/17-3-96)
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Figure 5: Coherence values for each point of the dataset and for each interferogram
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Figure 6: Histograms of the coherence vaues for each
interferogram
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Figure 7: Coherence values in the series for the ten
highest-coherence points



3 Analysisof the coherence

The coherenceisestimated on a2 x 10 window. Figure4
and figure 3 are the coherence images respectively on the
shortest (tandem pair, no.9) and on the longest (about 3
1/2 years, no.1) timeinterval considered. We selected in
the coherence image no.1 those pixels having coherence
higher than 0.8. We concentrated then for our tests on the
area of thecity of Assen (low leftin figure 3), which con-
tainsadtatistically significant number of such pixels. The
area has an extension of 200 pixels x 300 lines. The co-
herence of those pixels has been traced in thewhole time
series. Figure 5 represents the coherence of these points
as results in dl the interferograms. each column repre-
sents an interferogram of the series, each horizonta line
contains the values of the coherence for a given point.
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Figure 8: Coherence vs. baseline length (perpendicular
component) in the series. Under the baseline values, the
corresponding interferogram numbers are given.

Note that high coherence in the longest time span in-
terferogram (no.1) doesn’t seem to imply high coherence
in other interferograms on shorter time intervals. Aswe
could expect, in fact, the time gap doesn't seem to have
any influence on the coherence values. Thisisaso con-
firmed by thefact that any attempt to find alinear trend in
the coherence asafunction of timedidn’t give any signif-
icant result. Itisalso evident from figure5 that interfero-
gram no.8 presentsagenerally lower coherence. We don't
know thereason for this; it can be possibly dueto different
wegther conditions (the master image is taken in March,
the second in February, during a period of snow precipita-
tion) and to thelong basdine. Figure 6 shows the coher-
ence histograms of the time series. Figure 7 isthe plot of
the coherence values along the series for the ten highest-
coherence points.

We a so considered the possibility of adependence of the
coherence on the basdline length. For this purpose, the
coherence has been plotted against the baseline length

(perpendicular component) in figure 8, where under each
baseline vaue, aong the x-axis, also the corresponding
interferogram serial number has been indicated. The in-
terferogram having coherence generaly lower than the
others (no.8) has not been considered here. We dso did
not consider thetwo long-periodinterferograms (no.1 and
no.2): we restricted ourselves to the temporally nearest
interferograms. From the figure there seems to be some
trend, but we have to perform more detail ed testsin order
to be ableto assessit. We notea so that for interferogram
no.5 the coherence is worse than for the other interfero-
grams with higher basdline. Since the slave in this pair
istaken in January, this could be dueto different weather
conditions with respect to the time the master has been
taken.

4 Conclusions

A time series of interferogramshas been generated cover-
ingtimespansupto3 1/2 years. Evenonsuchalongtime
span, highly coherent features could be identified. The
anaysisof the seriesinitswhol e permitted theidentifica-
tion of an interferogram showing significantly lower co-
herence than the others. No significant signatures of de-
pendence of thecoherence val uesfromthetime have been
found. Some dependence of the coherence from the base-
lines could be present, but more tests are necessary in or-
der to assess it.
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