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Background
• pyValEIA is a python package created to 

characterize the 2D shape of the low-
latitude ionosphere plasma for observation-
model comparison.

• Generally, the Equatorial Ionization 
Anomaly (EIA) is a double peak structure 
with a minimum at the magnetic equator.

• The EIA is a result of E⨉B drift and plasma 
diffusion with hemispheric asymmetries 
resulting primarily from neutral winds.

• The goal of pyValEIA is to diagnose the 
physics-based weaknesses of a model 
using the presence or absence of the EIA.
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Datasets
• For this study, two periods were chosen: January 2014 and April 2020.
• Swarm A, B, and C 

• Provide 2 Hz in situ plasma density measurements from the Langmuir 
probes on the Electric Field Instrument (EFI) (Knudsen et al., 2017) at 
altitudes between 460 km and 511 km.

• Next-Generation Ionosphere Model for Operations (NIMO) 
• Global data assimilative model that uses SAMI3 as the physics-based 

ionosphere (Burrell et al., 2026).
• PyIRI

• Pure Python implementation of the International Reference Ionosphere 
(IRI), is set as the standard comparison for NIMO (Forsythe et al., 2024 ).

• Madrigal TEC
• The MIT Haystack Madrigal database provides the Vertical TEC (VTEC) 

measurements.
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Categories
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Trough Flat North Peak

EIA Saddle South

EIA Ghost Peak North

EIA Classic South EIA Ghost South



pyValEIA Overview
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• The plasma density is processed depending 
on the density type and cadence.

• The density is scaled so that Ne and TEC can 
be evaluated in the same system.

• The zero-lats are latitudes where the gradient 
of the density is zero.

• The zero-lats are designated as maxima and 
minima.

• The maxima determine the number of crests to 
detect the category.



pyValEIA Example
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• There are three zero-lats.
• The slopes between the zero-lats and 

anchors are calculated.
• Zero-lats are designated as primary 

(diamond) or secondary (square) maxima 
and minima (circle).

• There are two crests, which are evaluated 
by their distance, width, and slopes to the 
minima resulting in an EIA Saddle South 
designation.



Electron Density
• Swarm Ne data is cleaned, detrended, 

and smoothed.
• NIMO density data corresponds to the 

closest time, longitude, and altitude to 
the Swarm pass.

• PyIRI is chosen as the standard for 
comparison to NIMO

• Both PyIRI and NIMO are linearly 
interpolated.
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Total Electron Content
• Madrigal TEC measurements are sparse in 

certain longitudinal sectors
• Two regions were chosen for analysis

• The American sector: 90°W to 30°W
• The Asian sector: 60°E to120°E

• The TEC data was binned by 5° longitudes 
in 15-minute intervals, linearly 
interpolated, detrended, and smoothed

• NIMO TEC is limited by the TEC longitude 
and is linearly interpolated
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NIMO-PyIRI Comparison
• pyValEIA provides an apples-to-

apples comparison between 
models.

• NIMO has fewer hits and more 
misses in the African sector 
indicating under-prediction.

• PyIRI has more hits in the African 
sector but also more false 
positives indicating over-prediction 
of the EIA.
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Conclusion
• pyValEIA is designed to categorize the low-latitude ionosphere state based on 

the presence or absence of the EIA.
• It provides the EIA state, crest latitudes, and crest densities.
• It is useful for statistical data studies, diagnosing weaknesses in models, and 

performing model-to-model comparisons.
• We demonstrated the use of pyValEIA in TEC and electron density, and we 

compared between NIMO and PyIRI showing weaknesses and strengths in 
both.

• pyValEIA is a Python package on GitHub that is in active development.
• Upcoming releases will include bug-fixes and package enhancements
• We encourage you to test it and provide feedback!
• https://github.com/aburrell/pyValEIA 
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Equatorial Ionization Anomaly (EIA)
• Plasma builds up at the 

subsolar point and is displaced 
by ExB drift (e.g., Martyn, 1955)  
and plasma diffusion (e.g., 
Mitra, 1946) 

• These processes act in 
conjunction along magnetic 
field lines at all latitudes and 
altitudes (Moffett & Hanson, 
1965; Bramley & Peart, 1965; 
Hanson & Moffett, 1966)
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