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Extended Abstract  
 
Data assimilation has emerged as an important method to bring to bear in the effort to provide robust space weather 
specification and forecasting.  In particular, since Global Navigation Satellite Systems (GNSS) publicly available receiver 
networks have provided widespread measurements of total electron content (TEC), ionospheric data assimilation has been a 
major area of advance.  Early pioneering algorithms for global assimilative ionospheric modeling (GAIM) used these data to 
self-consistently and simultaneously estimate plasma density distribution and transport drivers [1,2]. Neutral wind 
interactions are a significant component of the physics in the ionosphere, in addition to electrodynamic forcing.  In recent 
years, neutral wind measurements have proliferated through the use of Fabry-Perot interferometers (FPI) [3].  This direct 
observation of one of the drivers has helped quantify the contribution of neutral winds to plasma transport in a local mid-
latitude area [4]. 
 
In this work, we expand the assimilation of FPI neutral wind data worldwide in estimating ionospheric plasma motion 
globally.  The problem is subdivided into two stages: plasma density estimation using Ionospheric Data Assimilation 4-
Dimensional (IDA4D), followed by Estimating Model Parameters via Ionospheric Reverse Engineering (EMPIRE) [5].  We 
use IDA4D to estimate F region plasma density globally based primarily on ground-based GNSS.  We then use the IDA4D 
results in EMPIRE to estimate the global drivers of plasma variation: production, loss, electric fields, and neutral winds.  To 
enable global rather than regional area estimation, we use spherical harmonics basis functions for the electric potential and 
horizontal neutral winds.  We ingest FPI data worldwide for the March 17, 2015 storm, which includes seven FPI sites 
primarily in the American sector. The FPI measurements and the plasma densities are Kalman filtered in EMPIRE to produce 
global estimates of electric potential and neutral winds.  The background models for potential and winds are, respectively, the 
Weimer 2005 model and Horizontal Wind Model (HWM14) [4]. The resulting estimated convection is compared to Super 
Dual Auroral Radar Network (SuperDARN) ionospheric data, and at high latitudes, to Active Magnetosphere and Planetary 
Electrodynamics Response Experiment (AMPERE) convection measurements. 
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