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A number of potential opportunities from Earth 
observations satellites for Solar flux measurements
TEC measurements 
Ionospheric irregularities measurements 
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ESA Earth On-line news

SMOS Space Weather - eo science for society (esa.int)

SMOS data advances space weather and ionospheric research - Earth Online (esa.int)Satellites expand research on Space Weather and Sun-Earth Interactions

Swarm data help estimate the impact of space weather - Earth Online (esa.int)

https://eo4society.esa.int/event/smos-space-weather/
https://earth.esa.int/eogateway/news/smos-data-advances-space-weather-and-ionospheric-research
https://earth.esa.int/eogateway/news/satellites-expand-research-on-space-weather-and-sun-earth-interactions
https://earth.esa.int/eogateway/news/swarm-data-help-estimate-the-impact-of-space-weather
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Swarm – magnetic field explorer
Launched in November 2013 into near polar orbit between 462 and 511 
km altitude
To measure the magnetic signal that stem from Earth’s core, mantle, 
crust, oceans, ionosphere and magnetosphere 

3 identical spacecraft, 6 instruments on each including:
• magnetic  and electric field measurements
• electron and ion measurements
• accelerometer

5°

A/CB X
In March 2018, the CASSIOPE/e-POP mission was integrated 
into the Swarm constellation as Swarm-E.

https://epop.phys.ucalgary.ca/
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Swarm-VIP project

Swarm VIP-project developed a new empirical
model for ionospheric irregularities as a function
of Solar wind and Interplanetary Magnetic Field
conditions.

Previous ionospheric models don’t include small
scales fluctuations, fundamental component of the
ionosphere that can cause disturbances in GNSS
signals.

The new Swarm based empirical model shows a
significant improvement in describing small
scales electron density irregularities respect to
existing models (e.g. TIEGCM) at polar, auroral
and mid-latitude sectors.

Swarm VIP DL4: Development and Validation Report

Density gradients from Swarm empirical model – year 2015

Density gradients from Swarm data – year 2015
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INTENS project
New geomagnetic indexes based on Swarm data:
• very good correspondence with standard indexes
• Swarm-AE covers the two hemispheres with

the same accuracy => suitable to investigate
asymmetries

Ionospheric turbulence and GPS loss of lock
• Two families of irregularities,

different values of RODI
(electron density irregularity
index)

• GPS loss of lock in association with high RODI
fluctuations (>3), probably due to mesoscale
plasma density enhancements (De Michelis+ 2022)

Disturbance Storm Time Index
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Swarm - SIFACIT project

Phase2 of SIFACIT-project focussed on Joule heating in the E-
layer ionosphere due to currents flowing at auroral latitudes.

Joule heating is caused mostly by collisions between charged
particles and neutrals, and it changes the scale height of the
atmosphere, with a significant impact on satellites motion.

Deviation of GOCE 
descend rate

GUMICS Joule 
Heating (PJ/day)

SIFACIT studied JH at various spatial scales: Swarm data + simulations to validate the values from GUMICS5

swarm pass

swarm re-scaled

model
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Swarm Space Weather projects: 3 DISC projects kicked off in 2022 

MIGRAS - Two new Swarm products
to monitor the Ionosphere:
• NEGIX: Spatial Electron density

gradients Product
• TEGIX: Spatial TEC gradients

Product

SWITCH - Combining Swarm data with
nowcast/forecast models:
Comparison of Swarm electron density
Vs NOAA WAM-IPE for model validation
The next step is to improve the model
using data assimilation.

SWESMAG – A new current
sheet Swarm index to be
cross compared with
ground-based observations
to examine the space
weather effect related to
Geomagnetic Induced
Currents (GIC).
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Launched in November 2009 in polar orbit about 750 Km altitude  

Space 
Weather

L-band Solar flux
Ionosphere electron 
content

First 2-D Interferometer  
Radiometer in Space providing a 
variety of geophysical quantities 
from Earth Surface emissivity at L-
band

SMOS mission overview of operational and experimental products 

+ geophysical 
quantities from 
Ionosphere and 
Sun
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Ionosphere electron content
Ω𝑓𝑓 = 1.355 ∗ 104 ∗ 𝑓𝑓−2 ∗ 𝐵𝐵0 ∗ cosΘ𝐵𝐵 ∗ sec 𝜃𝜃 ∗ 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

[Yueh, S.H., TGRS 2000]

Ω𝑓𝑓 = −𝜑𝜑𝑔𝑔 −
1
2 tan−1

2ℜ𝑒𝑒 𝑉𝑉𝐵𝐵
𝑥𝑥𝑥𝑥

𝑉𝑉𝐵𝐵𝑥𝑥𝑥𝑥 − 𝑉𝑉𝐵𝐵
𝑥𝑥𝑥𝑥

𝜑𝜑𝑔𝑔 : geometrical rotation angle𝑉𝑉𝐵𝐵
𝑝𝑝𝑝𝑝: Polarimetric Brightness Temperatures

SMOS VTEC can fill on-ground 
observations gaps in particular over Sea 
Surface and improve TEC modelling and 
forecast

SMOS VTEC under validation by DLR, 
comparison with SWARM TEC by SWARM-
DISC experts is on-going

0== vh
B

hv
B TTConsidering

Ground surface
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L-band Solar flux and Solar radio burst

Full monitoring of solar cycle-24 with excellent 
agreement with radio-telescope
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CME analysis / forecast

Full monitoring of solar cycle-24 with excellent 
agreement with radio-telescope

It seems  a unique 
features of the frequency 
around the L-band !
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GPS anomaly analysis 
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Conclusion
How good?

Several studies have demonstrated  new emerging Space Weather applications for ESA Earth Explorer 
Missions:  SWARM and SMOS
New geomagnetic index's have been derived based on SWARM dataset: Electron density irregular index, 
Disturbance Storm Time index, Joule Heating
New Products are under development from SWARM Mission: Spatial electron density gradient, Spatial 
TEC gradients, Current sheet index
New prototype products have been derived based on SMOS dataset:  L-band Solar flux, Solar Radio Burst 
bulletin, VTEC

What for? 
Full coverage measurements, Near real time (SWARM soon) -> Space Weather monitoring,  long time 
series -> post event analysis  
Uniqueness of SMOS polarimetry sensor for: Solar Radio burst and CME study, Identification of GPS 
anomalies

Many thanks for your attention                                  Point of Contact: Raffaele.Crapolicchio@esa.int
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