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Where ¢y, is the phase contribution of the flat earth (due to the earth’s
curvature), ®ropograpny 1S that of topography, daispiacement (Fig. 10) is that of
change due to movement of the pixel in slant-range direction (displacement),
atmospnere 18 that of the atmospheric effect, and ¢y,q;5. Is that of the noise. The
phase contribution due to the curvature of the earth (flat earth phase ¢ ) IS
removed using precise orbit data. The impact of topographic effect (¢ropograpny) €an

be corrected by subtracting a simulated topographic phase from a DEM (Yun et al.,

2015).

The influence of the atmospheric contribution (¢grmosprere) ON the overall
interferometric phase (mainly the water vapor effect) can be addressed in several
ways but two main approaches are widely used. The first approach is to avoid
selecting SAR images acquired during cloudy weather conditions or during where
there are indications of convectivity in the troposphere. An example of comparative
cloud conditions at the time of image acquisition in the Nile Delta is shown in figure
11. The state of the atmosphere (water vapor distribution) at the time of the image
acquisition can be obtained either from satellite-based sources (e.g. NASA’s
Moderate Resolution Imaging Spectroradiometer (MODIS) instrument on the Terra
and Aqua satellites) or ground-based meteorological data. The other widely used
approach is the correction of atmospheric effects based on high-resolution

meteorological models (Ding et al., 2008; Hanssen, 2001; Wadge et al., 2002).
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Figure 9: A wrapped complex interferogram of the April 6, 2009, L'Aquila
earthquake (central Italy) event produced from interferometric analysis of two
(repeat-pass) Envisat ASAR images acquired before (February 2, 2009) and after
(April 12, 2009) the event. Each pixel contains the difference (in phase value)
between the phases of the two Envisat ASAR images. The interferogram product was
generated using the Delft Object-oriented Radar Interferometric (DORIS) software
(Kampes, 1999).

Finally, the ¢,,,ise COMprises phase contributions from different sources such
as spatial and temporal decorrelation, and thermal noise of the SAR sensor. This
phase noise can be reduced through adaptive filtering and multi-looking techniques

(Chen and Xu, 2014; Liao et al., 2013; Zhou et al., 2009)
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d) Phase Unwrapping
Phase values in the generated interferograms are given as the 2n modulus of
the absolute phase signal (Hanssen, 2001). This is the wrapped phase and it only
accounts for the phase signal within once cycle and does not resolve the 2 ambiguity
of the SLC phase data. This phase ambiguity is resolved by the phase unwrapping
technique and an absolute (continuous) phase value is extracted. The accuracy of the
phase unwrapping procedure becomes less reliable with decreasing coherence

(Kampes, 2006).

Figure 10: A wrapped interferogram (in radar geometry) of the April 6, 2009,
L'Aquila earthquake event after the removal of phase contributions from different
sources (€.g. Gnoise> Propography)- A maximum deformation of nearly 23 cm (shown
in white box) along the satellite’s line of sight is calculated from this product.
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