
• Tropospheric variogram model
The joint spatio-temporal statistics of the troposphere follows a 2D model for the delay variogram. In 
order to check the validity of the model and the range of the parameters, one year of Zenith Wet 
Delay (ZWD) maps has been analysed, obtained by a Weather Research and Forecasting model at a 
temporal resolution of 1 hour and a spatial resolution of 1.5 x 1.5 km over a 1000 x 1000 km domain.  
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A SAR in Near Zero Inclination (NZI) geostationary orbit is a unique mission in providing persistent observations with sub-daily interferometric revisit – enabling observation of fast evolving fields like water vapor, landslides and 
deformations, flooding, as well as any other source of surface changes with all-weather capability. Besides the revisit, the peculiar North-South view of an NZI GEO-SAR makes it complementary to the mostly East-West line of 
sight of near-polar orbiting LEO-SAR. The aim of the work is to analyse the impact of the different view angles and the major impairments to GEO-SAR, like the spatial-temporal variation of troposphere and ionosphere. These 
impairments are caused by the long integration times up to hours required to reach the desired resolution, that characterize the NZI GEO-SAR concept.

Introduction

• System validation
For the validation of our system, the interferometric phase dispersion has been evaluated as a 
function of the backscatter coefficient, for different values of velocities, equivalent to the velocities 
of the GEO satellite at different extensions of the ITU longitudinal slot. The study has been 
performed by considering only the troposphere (left) and by compensating the ionosphere with a 
residual error of 10% (right).

Results

• Ionospheric variogram model
In order to represent a mid-high solar activity, maps of TEC acquired in the year 2022 at resolution of 5 
minutes and 11 km have been processed. Temporal variation was found dominant at mid-latitudes. The 
variogram can then be approximated by a linear model, and the histogram of fitting parameters has 
been computed in the interval of 1 hour.
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The best performance is obtained when the coherence given by the temporal decorrelation of the 
atmosphere is equal to the one given by the spatial decorrelation.
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Optimal integration time

• Tropospheric phase screen estimation
The tropospheric phase screen has been estimated by exploiting the phase of the interferogram 
between an APS-free master image and an APS-affected slave image. The two images are created
with a defined coherence 𝛾𝛾, representative of all the decorrelation effects (included the ionosphere).  
The result is refined through a multi-look window of 1 x 1 km. The data are expressed in a reference 
frame in solidarity with the GEO trajectory: Cross-range, Ground-range, Up (CGU).
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Near-Zero Inclination GEO-SAR allows to make observations from a complementary view with respect to current LEO-SAR, thanks to its innovative geometry. The impacts of the troposphere and the ionosphere have been modelled 
by 2D and 1D delay variograms. The results show that the performance in terms of phase deviation is better at higher velocities but even at velocities corresponding to an ITU longitudinal box of ±0.1° or ±0.2° the results are 
acceptable. In order to estimate and compensate the APS, a simulation of an interferogram between APS-free and APS-affected images acquired in simulated GEO-SAR geometry has been performed, showing the feasibility of this 
method even with low values of coherence. 

Conclusions
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