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The New Zealand region lies in the southwest Pacific Ocean overlapping a distinct belt of volcanic and earthquake activity
that surrounds the Pacific Ocean. This is known as the "Ring of Fire". New Zealand lies on the boundary between the
Pacific and Australian plates. To the north of New Zealand and beneath the eastern North Island, the thin and dense
Pacific plate moves down beneath the thicker and lighter Australian plate. Within the South Island the plate margin is
marked by the Alpine Fault where the plates are moved horizontally. Plate movement results in volcanic activity mainly
in the North Island as well as earthquakes that are felt throughout the country (Graham, 2008). On November 14, 2016, a
large magnitude [Mw] 7.8 earthquake struck the northeastern part of the South Island of New Zealand. The Kaikoura
earthquake, named after the coastal town near the epicenter, had associated surface rupture on more than 20 mapped faults
(Stirling et al. 2017), caused widespread crustal deformation (both uplift and subsidence), and triggered more than 10,000
landslides in the complex topography of the affected area (Dellow et al., 2017). Because of this, the earthquake has been
described as the "most complex earthquake ever studied” (Jibson et al. 2018). Seismological evidence suggest that the
main Kaikoura earthquake of Mw 7.8 was relatively rare for New Zealand with long recurrence intervals (Beavan et al.
2010).

Since the 1990°s differential repeat-pass interferometry radar (DINSAR) based on SAR SLC images processing has proven
an interesting tool for the measurement and observation of ground deformation (Massonnet and Rabaute., 1993). The
basic idea of the method is the analysis of the phase of the reflected wave radar from two or more images which cover
the same region in order to observe ground displacement. DINSAR has been widely used to identify ground deformation
caused by different natural and anthropogenic phenomena. Many studies are motivated by the potential of SAR
interferometry to be applied on a wide range of applications related to seismotectonics. The utilization of an appropriate
interferometric dataset allows measuring the various components of the seismic cycle, namely the pre-seismic, co-seismic,
and post-seismic deformation (Stramondo et al. 2009; Papanikolaou ei al. 2010, Briole et al. 2015).

Nevertheless, significant difficulties are found when using this technique. These difficulties are related to the large
variability of slopes (steep and rough topography of prone areas), failure geometries, size of earthquake-prone areas and
deformation rates causing phase ambiguity problems and signal decorrelation. Additionally, in regions with strong
topographic relief presented local atmospheric variations can lead to strong atmospheric phase artifacts in many cases; all
these parameters, often obstruct the interferometric pre-processing, making it difficult to estimate surface displacements
(Hanssen 2001).

This paper aims to combine Sentinel SAR SLC and GRD images from Sentinel 1 satellite in order to overcome the above
constrains of DINSAR. This is dome merging results about co-seismic displacement detection from SLC images and
measurement from Sentinel 1 GRD data processing. There were used two images, one pre-seismic (Master) sensed on
November3rd 2016 and one post-seismic (Slave) sensed on December 3 2016. Both SLC and GRD images were acquired
on the same days, as the Level-1 Sentinel 1 products provide Single Look Complex images and Ground Range Detected
images simultaneously. Level-1 focused data are the generally available products intended for most data users. Level-1
products can be either Single Look Complex (SLC) or Ground Range Detected (GRD). Each acquisition mode can
potentially generate Level-1 SLC and GRD products. GRD resolutions will depend on the mode and the level of multi-
looking. The SLC images were used in order to measure the displacement through the conventional interferometry
technique (two passes plus DEM interferometry). The GRD images were used to enhance the results of the InSAR
technique, which could not measure extreme surface displacement such as landslides. For that matter the Offset tracking
method was used. Offset Tracking is a technique that measures feature motion between two images using patch intensity
cross-correlation optimization. It is widely used in glacier motion estimation Level-1 Ground Range Detected (GRD)
products consist of focused SAR data that has been detected, multi-looked and projected to ground range using an Earth
ellipsoid model such as WGS84. The ellipsoid projection of the GRD products is corrected using the terrain height
specified in the product general annotation. The terrain height used varies in azimuth but is constant in range (Lu & Veci,
2016). All referred methods were done with SNAP, the open source software for SAR image processing provided by
ESA.

In order to combine the results of both methods a supervised classification was done in ArcGIS software provided by
ESRI. The InSAR technique provides displacement results in millimeters, but the Offset-tracking technique provides
results in millimeters per day, so we processed the latter results so they have the same units with displacement. All results
were combined in one readable map to provide the total displacement of the affected area in Kaikoura.
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