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CAN SENTINEL-1 ALONG-TRACK MEASUREMENTS IN THE EARTH REFERENCE FRAME

SUBSTITUTE MISSING GNSS DATA FOR STRAIN MAPPING?

Introduction
The vast amount of Sentinel-1 data over the last decade and high accuracy of related data such as precise 
ephemerides allow exploring measurements of the solid Earth surface dynamics in a global reference frame. We 
previously reported 2-sigma errors better than 4 mm/year for large-scale northward motion [1] in the Alpine-Himalayan 
orogenic belt measured using along-track interferometry within Sentinel-1 burst overlaps, averaged over large
250x250 km^2 regions.
The data were processed using the COMET LiCSAR system, and corrected for the solid-earth tides and international 
reference ionosphere (IRI). The measurement accuracy allowed us to identify a mean offset of along-track satellite 
position in updated orbital ephemerides (POD) after mid-2020 orbits update that was -39 mm with 2-sigma of 4 mm, 
yet the reachable accuracy remains challenging for the needs of solid Earth measurements.
With improved processing routines and auxiliary data, such as a GNSS-based ionosphere model (GIM) of JPL in high 
spatial (1x1 deg) and temporal (15 min) resolution, we have further decreased the error of estimated velocity of 
tectonic plate motion in this region within the global reference frame (ITRF2014). Our objective is to investigate and 
produce along-track velocities in accuracy and spatial sampling allowing accurate surface strain rate mapping in 
regions without GNSS station coverage.
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Input data to estimate absolute velocities
We extract over 300,000 along-track alignment offsets (uaz) based on spectral diversity from our global dataset.
We perform processing as in [1], with two added improvements:
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along-track offsets due to POD difference

(ascending frame 099A_05417)

 diff IRI and GIM:

3.4 +- 2std=74.2 mm
-34.4 +- 2std=24.2 mm
(from 44,659 values)

1) replacing IRI for GIM (valid for alt 450 km) 2) fixing old-POD data by calculating along-track POD difference

We avoid noisy data before Q2/2016 and improve accuracy in along-track velocity estimates using GIM.

Horizontal surface strain rate mapping
The surface strain rates are derived from gradients of the velocity fields and they are relevant for assessment of 
seismic activity. In a parallel work [2], we combine GNSS and line-of-sight (LOS) Sentinel-1 InSAR data using a 
triangular mesh to derive the 3D velocities [3] in order to generate high resolution strain rates :
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Visually, the along-track displacements often show clear trend and positive impact of ionospheric correction, 
particularly in ascending frames. An example from a longer ascending frame unit consisting of 3x24 bursts:

Summary
We have further improved accuracy of (northward) velocities in global reference frame over large regions using along-
track InSAR measurements that correspond well to data from permanent GNSS stations. However the data are noisy 
in high spatial sampling that is required to map horizontal strain rate.

In our current approach, we improve the strain rate and decrease uncertainties in northward velocities merging GNSS 
and both LOS and along-track InSAR data but we do not find our current InSAR data in global reference frame 
reliable enough to replace missing GNSS data.

Further investigation should help evolve to absolute InSAR measurements.

LiCSAR frame ID:  012A_05350_242424

012A

We select along-track velocities of overlapping frames and decompose to the eastwards and northwards directions in 
large blocks of ~230x230 km^2 that we then plot together with collected GPS velocities [2], averaged into comparably 
large spatial units. Notice the region of the aforementioned 012A frame that is halved by an active tectonic fault.

The averaged GNSS-based velocities identify a bias in our estimates of 
0.5+-67.1 mm/year eastwards and -4.5+-12.1 mm/year northwards. 
Median bias is 8.7 mm/year eastwards and -4.7 mm/year northwards.
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However, due to the insensitivity of Sentinel-1 InSAR LOS velocities to north component, the north velocities are 
mainly constrained by GNSS data only, which results in a very smoothed north velocity field (Vn, top) and large 
uncertainties (Vn sigma, bottom) particularly in regions with poor GNSS coverage:

Use of along-track offsets to help resolve northward velocities
The accuracy of northward velocities is improved in the along-track direction measurements available in Sentinel-1 
burst overlap (BO) regions. Increased spatial sampling would better capture the spatial variation in north components 
and improve overall model accuracy leading to a reliable strain rate field but the BO InSAR measurements are noisy 
without downsampling.

To measure inter-seismic displacements over Kahramanmaras region before Mw7.7+ earthquakes in 2023, we 
generate burst overlap interferograms as in [4], apply corrections on solid earth tides and ionosphere, combine with 
the overall frame uaz offsets and invert using Small Baselines approach into time series towards velocities in global 
reference frame. Significant discrepancies appear comparing averaged (black curve) BO InSAR velocities to GNSS 
velocities projected to the along-track direction (squares):
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We apply [3] with GNSS and LOS InSAR velocities and additionally estimate planar corrections, effectively prioritising 
northwards GNSS data during the inversion. As result, we obtain northward velocities in decreased sigma error:
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