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1. ABSTRACT

It is well known that the impact of ionospheric propagation effects on the signal properties of
L-band SAR systems is significant. Recent theoretical analyses of ionospheric distortions in L-
band SAR data have indicated many effects that are likely to affect the quality of SAR,
interferometric SAR (InSAR), and polarimetric SAR (PolSAR) data (see, e.g., [1] - [5]). Small
scale ionospheric irregularities with spatial scales smaller than a SAR image are of most concern
for SAR and InSAR, as they affect image geometry and image focus, and add phase screens to
interferograms. PolSAR data is affected by all spatial scales of ionospheric delay, which
introduces Faraday rotation, a rotation of the polarization vector of transmitted signals. Several
examples have been published in recent years ([5], [6]) that confirm the presence of ionospheric

effects by unambiguous detection of total electron content (TEC), including TEC gradients. Some
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Figure 1: a) Example of ionospheric effects caused by aurora activity in sub-arctic regions (l.t.r.:
Faraday rotation estimate, derive TEC maps, predicted ionospheric phase screen); b) example of
ionospheric effects caused by ionospheric bubbles in equatorial regions (top to bottom: unwrapped
InSAR phase, stripes in amplitude image, ionospheric signal in wrapped InSAR phase).



examples of ionospheric effects in SAR and InSAR are shown in Figure 1. Figure la) shows
aurora-related localized TEC enhancement that can be identified in Faraday rotation maps derived
from quad-pol data. Figure 1b) presents effects on SAR amplitude and phase caused by

ionospheric bubbles in equatorial regions.

A variety of methods for correcting ionospheric effects in SAR and InSAR have since been
published by several authors. These methods can be grouped into i) range split-spectrum based
([7], [8], [2]), and ii) azimuth auto-focus based techniques ([8], [4]). These methods differ in

sensitivity, areas of applicability, requirements, and accuracy.

With this paper a review of ionospheric signals in low-frequency SAR systems together with
signal properties, the significance of the ionospheric effects is provided. In addition to existing
information, the spatial structure of iononspheric delay signals is presented. This structure
information is derived from a combination of high-resolution GPS and existing L-band SAR
observations and is an important parameter for InNSAR applications. A summary of available
methods for ionospheric correction is presented and requirements for ionospheric correction are
derived. The performance requirements developed in this paper extend the research published in
[9] to a large range of upcoming satellite missions operating in L- and P-band. The proposed
requirements can serve as a benchmark for a performance assessment of ionospheric correction
methods and will help defining their suitability for operational implementation. Based on these
requirements the performance of available ionospheric correction methods is evaluated and
recommended correction methods are presented for different applications of SAR. These
applications include SAR imaging, SAR polarimetry, SAR interferometry, and ionospheric
research. All findings are exemplified with real L-band SAR data. An outlook including

suggestions for future work concludes the paper.
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