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1. Description of the Problem 
 
The geospace response to the solar wind-driven convection flow of plasma through the 
magnetosphere depends on the ionospheric conductivity. Determined mainly by the solar EUV 
and particle precipitation induced ionization and plasma-neutral interactions, ionospheric 
conductivity affects the ionospheric convection and field-aligned current patterns, thereby 
modulating the magnetosphere’s response to the solar wind. Hence, the ionospheric conductivity 
is one of the key parameters that link the ionosphere/thermosphere to the magnetosphere system. 
Treating this link in an accurate, fully self-consistent way is necessary to gain a predictive 
understanding of both ends of the Magnetosphere-Ionosphere-Thermosphere (MIT) systems. 
Such knowledge is crucial for space weather operations, determining the global state of the 
system, and providing context for localized measurements. To fully comprehend the key role 
ionospheric conductivity plays on the MIT system and how it is influenced by different drivers, a 
collaborative approach that predicts the conductivity and quantifies its uncertainties is needed. 
 
Estimating ionospheric conductivity at the auroral region is particularly difficult because of the 
various different phenomena that factor into the determination of the conductivity [Robinson et al., 
2019]. These drivers include, but are not limited to, solar radiation, diffuse, discrete, and soft 
energy particle precipitation, electric fields, neutral winds, neutral density and temperature, 
plasma density and temperature, plasma velocity, plasma instabilities such as the Farley-
Buneman instability, field-aligned currents (FACs), chemical reaction rates, local time, etc. 
However, the characterization of these auroral region drivers is extremely difficult due to a lack of 
measurements, limited data coverage, insufficient spatial and temporal resolutions, and physical 
assumptions used in numerical models. Furthermore, the community does not have a designated 
ground-truth dataset to use in validating and verifying physics-based models, calibrating 
instruments, and interpreting observed or simulated phenomena. Because of the wide-ranging 
variety of these auroral region drivers, ionospheric conductivity modelling is still an outstanding 
challenge for space weather forecasting and prediction. New approaches are necessary and the 
Helio2050 effort is well-suited to examining such a challenging problem. 
 
2. Description of the Current State 
 
Currently, space weather forecasting efforts make use of various different approaches to 
characterize ionospheric conductivity (typically height-integrated conductance). The first 
approach is using empirical models to determine ionospheric conductance patterns. These 
models are based on statistical averaging of data over multiple years [e.g., Robinson et al., 
1987; Fuller-Rowell & Evans, 1989; Hardy et al., 1989; Ridley et al., 2004; McGranaghan et al., 
2016; Robinson et al., 2020]. Even though such models can capture large-scale and quasi-static 
features of the ionospheric conductance patterns, they can not characterize the dynamic 
variations that are important for space weather forecasting. The second approach to estimate 
ionospheric conductance is using data inversion techniques. Such studies use data from 
spacecraft far ultraviolet imagers (FUV) [e.g., Lummerzheim et al. 1991; Germany at al. 1994 ; 
Zhang & Paxton; 2008], ground-based white light [Grubbs et al., 2018] or digital all-sky cameras 
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[Conde et al., 2001] to infer precipitating flux and average energy values which can be used to 
estimate ionospheric conductance. In addition, measurements such as radar [Kaeppler et al., 
2015] and ground magnetometer data can also be used together to derive local ionospheric 
conductance values [Ahn et al., 1998]. However, these estimates are spatially and temporally 
very limited, and therefore can not provide continuous conductance patterns globally. New data 
such as that provided by low cost or citizen science sensors may also be valuable.The third 
approach makes use of physics-based modelling of the global magnetospheric FACs, and 
utilizes analytical expressions to estimate the ionospheric conductance values [e.g., Knight et 
al., 1973; Ridley et al. 2004; Wiltberger et al., 2009]. Similar to the empirical models, these 
analytical expressions can not resolve the dynamic variations. In addition, the FAC estimates 
from global MHD models are susceptible to various uncertainties.  
 
The general circulation models of the Ionosphere-Thermosphere systems provide a different 
approach to resolve altitude profile of conductivity. As opposed to the magnetospheric models, 
the treatment of conductivity and conductance in physics-based Ionosphere-Thermosphere 
models accounts for the behaviour of the neutral populations. However, estimates of the neutral 
winds and density suffer from significant uncertainties [e.g., Harding et al., 2019], which eventually 
propagate to the estimates of conductivity and conductance.  
 
3. Proposed Science Investigations 
 
The NSF Geospace Environment Modelling (GEM) focus groups have been hosting the 
Ionospheric Conductance Challenge sessions to determine how to advance the modelling 
ionospheric conductance capability [Ozturk et al., 2020]. Based on these discussions, the 
following science investigations are identified as necessary to advance our understanding of 
ionospheric conductance.  

1. Investigating the ionospheric conductance and conductivity changes due to different 
auroral precipitation patterns 

2. Investigating the relationship between the conductivity and the characteristics of the 
neutral population 

3. Investigating the ionospheric conductivity at different spatial and temporal scales 
 
4. Proposed Methodology 
 
To meet the requirements of these science investigations, researchers determined several 
collaborative action items. The immediate items were establishing a universal ground-truth 
data set, and the development of model validation and verification, and uncertainty 
quantification tools for both data and models, to evaluate the modelled ionospheric conductance 
values. Researchers also emphasized the need for developing physics-based local and global 
models of conductance/conductivity; as well as the need for the advancement of empirical, 
numerical, and data assimilation models.  In addition, forming new collaborations, working 
groups, and teams, and the organization of coordinated measurements and modelling efforts 
were most important to improve the prediction of space weather phenomena and ionospheric 
conductivity at auroral regions. The proposed scientific investigations can be implemented 
successfully and widely benefit the community by making use of various models and 
measurements while leveraging existing action teams and infrastructures that are summarized in 
Table 1.  
 
5. Vision for 2050 
 
To achieve predictive space weather forecasting for both scientific and operational needs, 
accurate modelling of ionospheric conductivity is fundamental. The proposed science 
investigations and methodologies will advance our understanding of the relationship between 
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auroral region drivers and the ionospheric conductivity, consequently improving our modelling 
capabilities. By 2050, the increasing efficiency of high-performance computing and the new 
techniques that they enable (e.g., AI, kinetic modelling) will prove to be very beneficial for 
operational tools. The improvements in modeling and observations, combined with the strength 
of collaborations in our field, may make possible the global specification of 3D conductivities, with 
quantified uncertainties, by 2050. 
 
Having a robust suite of space weather forecasting tools by 2050 will be increasingly essential, 
as effective responses to natural hazards and disasters rely on spacecraft operations and 
telecommunication. In addition to the increasing severity of such events due to climate change, 
mass migrations are expected to relocate people to regions with colder temperatures and lower 
flood risks. High-latitude zones, which are more susceptible to space weather events caused by 
the auroral region drivers, will become more preferable for habitation. These crucial needs 
mandate the development of high-fidelity space weather forecasting models by 2050. 
 

 
Table 1: A summary of existing data sets, models, validation tools, and research groups.  
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