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Background

• SuperDARN is presently the 

only instrument capable of 

continuous and spatially-

extensive measurements of 

ionospheric plasma flow.

• Important for the 

development of empirical 

models.

• Important for providing 

detailed and accurate 

estimates of the flow for data 

assimilation techniques.

Ruohoniemi and Greenwald (1996) Thomas and Shepherd (2018)

LOMPE – Laundal et al. (2022)



The Issue • SuperDARN radars systematically underestimate 

the magnitude of the ionospheric plasma flow.

Davies et al. (1999) Drayton et al. (2005)



The Issue

• This is due to ionospheric 

refractive index effects.

Gillies et al. (2009)



The Impact of 

the Issue

Comparison of climatological CPCPs for 
different IMF directions, using plasma flow 
data from: DE2 satellite, DMSP satellites, 
Cluster satellites, SuperDARN.

Haaland et al. (2007) Orr et al. (2023)



The Need

• A state-of-the-art capability for the calibration 

of line-of-sight velocity measurements.

Gillies et al. (2012)



How to Address the Issue?

Data-Derived Electron Density

Gillies et al. (2012)



How to Address the Issue?

Ionospheric Models, e.g. IRI

Bilitza et al. (2022) – International Reference Ionosphere (IRI)



How to Address the Issue?

Velocity Comparison (Convection)

Koustov et al. (2019)



How to Address the Issue?

Velocity Comparison (LOS)

Koustov et al. (2019)



Proposition

• Propose the creation of a new SuperDARN task force to assess 

different methods for velocity correction, through estimation of 

the refractive index:

1. Directly from SuperDARN Data.

2. Directly from electron density models.

3. Indirectly through comparisons of SuperDARN data with in-

situ spacecraft measurements of plasma flow.

• The task force will develop a new framework for systematic 

calibration of SuperDARN velocity measurements.



Questions to Answer

• How should this correction be implemented? As a line-of-sight 

velocity correction model (next slide)?

• Should this be an optional process to apply to the data? Yes! This 

correction is more important when quantitative analysis is needed.

• Where in the SuperDARN processing should this be applied?

• As part of FITACF? But FITACF does not include geolocation.

• As part of the production of secondary data products or during 

data visualisation? But that would mean changes to a wide 

range of software.



Implementation

• Develop a new framework for systematic calibration of SuperDARN 

velocity measurements.

• Need a line-of-sight velocity correction tool that the whole community 

can apply to data on a simple routine basis.

• Need a model correction that varies with:

• Time of Day (MLT?)

• Day of Year

• Position in Solar Cycle (F10.7?)

• Magnetic Latitude (AACGM?)

• Geomagnetic Activity (Kp?)



Summary

• Without resolution of the refractive index problem, models and 

data assimilation schemes of ionospheric plasma flow will not be 

fit for the needs of future science and operational applications.

• The SuperDARN community needs to provide a state-of-the-art 

capability for the calibration of the line-of-sight velocity 

measurements that it makes.

• I don’t know the answers – a task force will provide the concerted 

effort required to develop a new framework for the systematic 

calibration of SuperDARN velocity data.
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