
 
 

SESSION DESCRIPTIONS 
 
1. I rregularities and Scintillation Measurements and Effects  

Chairs: Keith Groves (Boston College, US), Eurico de Paula (INPE, Brazil) 
The occurrence of amplitude and phase scintillations on trans-ionospheric radio wave signals due 
to scattering by ionospheric irregularities is an important aspect of space weather that affects space-
based communications and navigation systems in different ways. Advances and research in 
irregularities and scintillation measurements and effects are discussed in this session. Relevant 
topics include the characterization of irregularities focused on their climatology and morphology, 
spatial and temporal correlations and occurrence patterns, and their associated scintillation effects 
on radio wave propagation including the relationship between different scintillation indexes, 
effects of scintillation on new GPS signals (L2C and L5) and spatial/temporal/spectral 
characteristics and correlations. This section also targets the influence of irregularities and 
scintillation on GNSS positioning and the potential for threat reduction relative to GPS-only 
applications. Effects of irregularities on GNSS users are solicited, especially for space- and 
ground-based augmentation and aviation users, and discussion of important results, outstanding 
problems and challenges related to GNSS systems is welcome. New measurement techniques and 
comparisons of scintillation observations with other sensor data are of particular interest. 
 
2.  Theory and Modeling of Ionospheric Scintillation and Irregularities  
Chairs: Chuck Rino (Boston College, US), Luca Spogli (INGV, Italy)  
Radio propagation disturbances regularly observed on low earth-orbiting and GNSS satellites are 
attributed to intermediate-scale structure (tens of kilometers to hundreds of meters). This 
scintillation phenomenon is of practical concern because it can degrade satellite communication, 
navigation, and surveillance operations. The global monitoring capability of the GNSS has 
stimulated significant advances in our understanding of large-scale ionospheric structure.  Several 
models are in use for predicting GNSS propagation disturbances.  However, global ionospheric 
models have yet to fully reconcile the conditions for generation of intermediate-scale structure and 
its characterization for diagnostic measurement and performance prediction. This session seeks 
multi-frequency scintillation data analyses that attempt to reconcile observations with theoretical 
predictions based on definitive power-law structure and/or in-





A number of space-based radio occultation (RO) techniques have been exploited to study the 
structure and properties of the Earth’s atmosphere. Phase and amplitude measurements of radio 
waves transmitted from GNSS satellites (Tx) are collected in an atmospheric limb sounding 
geometry where the GNSS receiver (Rx) is on a LEO satellite. As the LEO satellite moves in its 
orbit, the GNSS satellite is seen to rise above or set below the horizon. Thus, the raypath from the 
Tx to Rx is quasi horizontal and can be characterized by the height of its tangent point. By 
examining amplitude and phase fluctuations on long slant paths through the ionosphere, 
researchers have mapped global electron content and scintillation patterns. A number of recent 



 
• How can ionospheric monitoring and modelling be utilized to further our understanding of 

space weather in its complexity? 
• How can ionospheric monitoring and modelling help to mitigate the impact of positioning 

and navigation applications? 
• How are ionospheric dynamics impacted by energy inputs, either directly from the sun or 

indirectly via coupling processes with other geospheres such as the thermosphere and 
magnetosphere? 

• What is the driver of the magnetically quiet time strong ionospheric dynamics that has 
strong impact on RF communications, is it due to the forcing from below, e.g., gravity 
wave forcing? If so, how can it be characterized as a function of longitude, local time and 
season? 

• How can ionospheric dynamics be described, benchmarked and forecasted effectively to 
correct and mitigate the ionospheric impact on applications utilizing trans-ionospheric 
radio signals? 

• How can this information be provided to customers in an appropriate form according to 
their needs, e.g. considering latency, temporal and spatial resolution, and reliability, taking 
into account international perspectives on observations, modeling and forecasting? 

 
9.  Ionospheric Effects on 



satellites including GPS, GLONASS, Galileo, BeiDou and others have become primary sensors to 
measure signatures associated with such natural hazards. These signatures typically include 
GNSS



common radio apertures and analysis techniques with near-simultaneous applications in 
astronomy, aeronomy, and space weather.  This session seeks presentations that discuss the 
advantages and opportunities provided by these new techniques, especially when applied to 
critically important measurements of the ionosphere and space weather effects. 
 
13.  Data Science Analysis (Advanced Statistical and Machine Learning Techniques) Applied 
to Ionosphere Specification, Forecast and Effects on Radio Propagation 
Chairs: Ryan McGranaghan (ASTRA, US), Shasha Zou (Univ. of Michigan, US), Claudio 
Cesaroni (INGV, Italy)  
Ionospheric effects on radio propagation are well known, but the accurate modelling of the 
corresponding phenomena is not always possible due to their complexity, unknown aspects of 
ionospheric phenomena or the incomplete understanding about them. Recent decades have seen 
widespread application of advanced statistical and machine learning techniques in many areas of 
science in which complex physical situations require more expressive model capacity. Key areas 
of progress have been  insights into the correlations between different data and computationally 
efficient predictions, to name a few. Tools and knowledge about these techniques within the 
geosciences are now leaving a 'proof of concept' phase and can be applied to create research and 
operational impact.  Therefore, this session seeks to highlight this new phase of application of 
advanced statistical and machine learning approaches to the ionosphere. Presentations will 
encompass examples of those techniques related to ionosphere specification, forecast and effects 
on radio propagation. We welcome contributions that span the full breadth of data science for the 
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