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1. Introduction 4. lonosphere Mitigation Examples

In April 2025 ESA launched the BIOMASS satellite with the first orbital P-band SAR as the main
instrument. The main objective of ESA's BIOMASS mission is the mapping of forest biomass as a

differential

Azimuth coreg.

lonospheric corrected additional

contribution to the understanding of the carbon cycle and climate system. In addition, the Biomass
mission offers the opportunity to develop other applications of orbital P-band SAR data.

Early results of the mission confirm the interferometric capability of the BIOMASS P-band SAR. But
they also show that many of the interferograms are significantly affected by ionospheric effects. The
main ionospheric effects are: (1) positional offsets in the azimuth direction caused by ionospheric
path delay gradients along the synthetic aperture, (2) ionospheric path delay phase, and (3)
Faraday rotation effects. The third effect affects the cross-polarization backscatter and polarimetric
parameters. The Faraday rotation depends on the total free electron concentration along the
imaging path. The first two effects depend on the spatial variation of the free electron concentration.

In our contribution, we investigate the ionospheric effects on positional offsets and the
interferometric phase. We first discuss methods to identify the presence of ionospheric effects in an
interferometric pair. Then we present methods to mitigate ionosphere-related positional offsets and
path delays and discuss the applicability of these methods.

2. ldentification of ionospheric effects
2.1. Investigate the co-registration refinement offset field
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Spatial variation in the azimuth refinement offsets, that is not caused by displacement, indicates
the presence of ionospheric effects.

2.2. Investigate the split-beam interferogram phase
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Spatial variation in the split-beam interferogram phase, that is not caused by along-track
displacement, indicates the presence of ionospheric effects. With an adequate scaling the split-
beam interferogram phase looks almost identical to the azimuth co-registration refinement field.

3. Mitigation of ionospheric effects

The positional offset effects caused by along-track variation of the ionospheric path delay phase
are corrected through the co-registration refinement with an offset field.

The phase effects are mitigated using a split-spectrum interferometry technique. As derived in
[1] the ionospheric phase can be written as a linear combination of the unwrapped differential
interferogram ¢, and the split-spectrum interferogram (¢, -¢, ):
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In the processing the range band-pass filtering needs to be done before the co-registration (Step 1).
The unwrapping of the split-spectrum interferogram is trivial as phases are typically in [-r,n]. Larger
multi-look factors and spatial filtering can be used to reduce phase noise and facilitate phase
unwrapping — but reduces the spatial resolution of the estimated ionospheric path delay estimate.
For BIOMASS-P data with 6 MHz bandwidth the factors x and z are 0.50 and -54.38, when using
the highest and lowest third of the available range bandwidth.
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Flow chart for the mitigation of positional and path delay effects caused by the ionosphere.
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5. Discussion and Conclusions
- BIOMASS-P is well suited for repeat-pass interferometry.

- BIOMASS-P interferometry is frequently affected by ionospheric effects:
1) Positional offsets caused by along-track ionospheric path delay gradient
Not correcting the positional offsets reduces the coherence.
2) lonospheric path delay variations as an additional interferometric phase term.

- Positional offsets can be corrected in a co-registration refinement with an offset field. This
works well unless the offsets are large (several azimuth pixel) and spatially “wild”.

- A ionospheric phase screen to correct the spatial variation of the ionospheric path delay can
be estimated using Split-Spectrum Interferometry techniques. The ionospheric phase screen
Is determined as a linear combination of the full-bandwidth differential interferogram phase
and the split-spectrum double difference phase. The method requires unwrapping of very
high phase gradients caused by deformation or ionospheric path delay variation.

- For small and medium level ionospheric effects both the positional and path delay effects
could be successfully mitigated.

- In the case of strong ionospheric effects, as in the Siberia example shown, it was not
possible to fully correct the positional and path delay effects.

- The ionospheric path delay effects are the same at different polarizations, but the estimation
of the ionospheric phase screen may work better at co-polarization (higher coherence).

- The estimated ionospheric phase screen does not correspond to the total delay caused by
the ionosphere, but only to the relative spatial variation — the estimated phase screens can
therefore not be used to correct the Faraday rotation.

- In several of the examples a quite significant phase ramp was estimated and corrected for
after the ionosphere mitigation step. This correction mainly relates to the not very accurate
orbit data that result in inaccurate baseline estimates.
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BIOMASS-P data copyright ESA. Processing shown was done using GAMMA Software.
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