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1. INTRODUCTION
lonospheric propagation effects can have significant impact on the signal properties of low-frequency

Synthetic Aperture Radar (SAR) systems. Recently, theoretical analyses of ionospheric distortions in low-
frequency SAR signals have indicated a multitude of effects that are likely to affect the quality of SAR,
interferometric SAR (InSAR), and polarimetric SAR (PolSAR) data [1-6]. Methods have been developed that are
able to detect ionospheric effects in SAR data on a wide range of spatial scales and allow high resolution
ionospheric mapping with high accuracy [3], [4], [7].

NASA’s Deformation, Ecosystem Structure and Dynamics of Ice (DESDynl) mission carries a spaceborne L-
band synthetic aperture radar (SAR) with multiple polarizations to provide information on solid earth
deformation, terrestrial vegetation structure, and ice dynamics. Besides providing improved performance and
reliability of SAR for monitoring surface deformation, the L-band carrier frequency provides a means for
mapping properties of the ionosphere with high spatial resolution and unprecedented spatial coverage.

This paper describes the performance and benefits of DESDynl for ionospheric mapping. Specifically, we
guantify the type, sensitivity, and accuracy of ionospheric measurements derived by a DESDynl-like system. We
also analyze the achievable spatial and temporal sampling of ionospheric constituents at different areas on the
globe and assess the value of the derived information for specific ionospheric research topics.

After summarizing the physical origin of ionospheric signals in SAR data, Section 2 introduces several
methods for extracting ionospheric information from DESDynl data. For each method, information on the
measurement principle is provided and the range of extractable ionospheric parameters is determined. A first
concept for an optimized ionospheric processor is shown that extends the performance of existing technology by

maximizing the exploited information and increasing estimation robustness. An error analysis of the presented
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technology is shown in Section 3, where achievable accuracies of ionospheric measurements are analyzed for
different retrieval methods. In Section 4 the benefit of SAR-based ionospheric data for ionospheric research is
evaluated. In examples we examine its value for analyzing turbulent ionospheric processes in polar and equatorial

regions, and for evaluating the structure of traveling ionospheric disturbances (TIDs) at various spatial scales.

2. MAPPING IONOSPHERIC TEC FROM DESDYNI DATA
2.1. Background
The one-way phase delay experienced by a SAR signal is given by
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where TEC = j N, (f,h)dh is the ionospheric total electron content integrated along the vertical, f, is the signal

frequency, N. _ is the ionospheric refractivity, and K =]/2-e/(47r2mgo)=4O.28[m3/52]. In addition to the phase

delay in Eq. (1), the ionosphere also introduces a rotation of the polarization orientation of a traversing
microwave signal. The magnitude of this effect, known as Faraday rotation (FR), for a one-way vertical
propagation through the ionosphere is given by
f
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All ionospheric effects on SAR imaging, SAR interferometry, and SAR polarimetry can be derived by
evaluating Egs. (1) and (2). While Equation (2) can be used to investigate effects on the signal's polarimetric

signature, an analysis of the first terms of a Taylor series expansion of Equation (1)
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allows a quantitative evaluation of ionospheric effects on SAR signal phase, signal envelope, and SAR signal
chirp rate (first to third component in Eq. (3), respectively). Egs. (1)-(3) can serve as basis of ionospheric
mapping methods using model-based inversion techniques.
2.2. Applicable Mapping Methods

A variety of methods for ionospheric correction in SAR, INSAR, and PoISAR data have been published in
recent years by several authors. These methods can be grouped into i) range spectrum-based ([8];[2];[9]), and ii)
azimuth spectrum-based techniques ([10];[9]), reflecting the SAR signal component that is used by the
algorithms. Variations of these methods have been developed for application to single images, PoISAR ([11];[4]),
and InSAR data. In the paper, the principle and sensitivities of the various methods will be shortly summarized.
2.3. Advanced lonospheric Mapping Using Integrated Detection Concepts

The properties of ionospheric effects in SAR images and the performance of ionospheric correction methods

are both constrained by various components of the SAR data acquisition process. The most relevant of these



components are the SAR system design and operational mode, the properties of the imaged scene, the ionospheric
conditions, and the geographic location. An improved detection and correction algorithm must consider all these
constraints, as well as adjust detection strategies according to changes in the data acquisition conditions.

An improved hybrid mapping concept will be presented that exploits synergies between existing correction
principles. The approach formulates the ionospheric mapping problem as an inverse problem that is finding an

optimized solution for TEC(x, y) by combining a set of initial detector estimates in either a least-squares

adjustment formulated as a Gauss-Markov model or a Kalman-filtering procedure.

3. ACCURACY ESTIMATIONS
Performance estimations will be presented for a wide range of ionospheric mapping methods as a function of

system parameters, geographic location, and processing strategy. Some examples of accuracy estimates are
shown in Figure 1 where the achievable accuracy of Faraday rotation and split-spectrum-based processing
methods are presented. These results are compared to the structure and magnitude of ionospheric signals to

provide a basis for an analysis of SAR benefits to ionospheric research.
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Figure 1: Examples of accuracy estimates for ionospheric mapping: a) accuracy of three different Faraday rotation
measurements as a function of number of looks; b) estimation accuracy of TEC measurements from split-bandwidth

processing as a function of number of looks and INSAR coherence. Results are based on DESDynl-like system parameters.

4. POTENTIAL APPLICATIONS TO IONOSPHERIC RESEARCH
We will analyze the usefulness of SAR-derived ionospheric information for the analysis of turbulent ionospheric

structures in polar and equatorial regions. The analysis considers measurement sensitivities and absolute
accuracies, as well as temporal and spatial resolution. It will also examine how the temporal sampling of
ionospheric phenomena can be increased if DESDynl observations are combined with other current and future
low-frequency SAR sensors. As an example of the potential spatial coverage and measurement sensitivity
provided by SAR, Figure 2 shows TEC estimates derived along a swath of full-polarimetric ALOS PALSAR data
acquired over Alaska. Here, TEC was estimated using Faraday rotation-based techniques. Such ionospheric

imaging capability will provide us an opportunity to study ionospheric structures at relatively high spatial



resolutions on global scales under various space weather conditions. Studies of polar ionospheric disturbances,
dynamics of the middle-latitude ionospheric trough, TID’s, and plasma bubbles can particularly benefit from
spaceborne ionospheric imaging [6]. For Earth science research, observations of ionospheric responses to the

solid Earth, atmospheric and oceanic activities can also benefit from SAR-based ionospheric imaging.
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Figure 2: Example of TEC variation along along a swath of full-pol ALOS PALSAR data. TEC estimates have been

derived using Faraday rotation-based mapping techniques.

5. CONCLUSIONS
Our findings show that L-band SAR data provided by DESDynl is valuable for studying ionospheric activity

on a wide range of spatial and temporal scales. The analysis demonstrates that phase advance, group delay, and
Faraday rotation can be measured with sufficient accuracy and spatial resolution to produce spatial maps of
small-scale ionospheric features. While one SAR system cannot provide instantaneous global ionospheric data, a
combination of all current and future low-frequency SAR sensors can produce ionospheric information of

sufficient temporal resolution that is of significant relevance to the ionospheric science community.
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