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Electron density from CHAMP and SWARM satellites

CHAMP and Swarm measurements are considered from 01-01-2007 to 31-12-2009, and from 01-01-2016 to 31-12-2017 at Rome coordinates (41.8° N; 12.5° E).
Two ditferent backgrounds have been defined.
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IONOSONDE BACKGROUND
IRI BACKGROUND To estimate the electron density at CHAMP/Swarm altitude, the foF2 monthly median values were

Direct IRI-2016 Ne output at CHAMP/Swarm altitude. reported at the satellites altitude making use of the IRI-2016 model:

The relative deviation distributions of the CHAMP data Ne(altitude CHAMP /Swarm,UT, month)p;
with respect to the two backgrounds for 2009 both show a = Né€vackgrouna (UT,month) = Ne(F2)ionosonae (UT, month) - Ne(hmF2,UT, month) g,

left shift with respect to zero, which indicates that both
backgrounds tend to overestimate the Ne data with respect to satellite measurements, although ionosonde background seems to work slightly better.
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ANOMALY IONOSONDE BACKGROUND

Variation of hourly Ne values outside + 20
with respect to the background level.

CHAMP 2007-2009
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* The number of anomalies found with respect to the
ionosonde background are only positive for both |
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periods, and in a small number, particularly in 2007. I I I | I I I I
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Swarm 2016-2017

number of Swarm anomalies (with ionosonde background) versus geomagnetic activity in 2016
T | T

* This can be explained by the low solar activity level 5 ' e
during 2007-2009 and 2016-2017, as negative storms | T
generally occur only under a significant solar
activity.

number of Swarm anomalies (with ionosonde background) versus geomagnetic activity in 2017

4w -
s -
@
o
et
[+ S .
3
[ =N

mb f mal
!
8
3
w0
&

o - [N
r T T T T
mb f mal

(=]

! 1 1 1
GO - quiet GO - AE>100nT G1 G2 G3 G4 G5

foF2 from Rome ionosonde

Hourly observations recorded by the ionospheric station of Rome have been considered for the years 2007-2009 and 2016-2017.

BACKGROUND ionosonde 2007-2009
27_day runnlng median hourly ValueS. o . foF2 Anomalies 2007 foF2 Anomalies 2008 foF2 Anomalies 2009
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* The number of positive anomalies is greater _
than the number of negative ones, but they 10

ANOMALY 0] W
Variation of hourly foF2 values outside + 15% }
are with the same order of magnitude. J l
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ionosonde 2006-2007

* The anomalies found in quiet conditions are
more numerous. This is due to the higher
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* During 2016-2017 from G2 to higher levels of
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VvIEC from Rome single station GNSS
Hourly observations recorded by the single station GNSS of Rome have been considered for the years 2007-2009 and 2016-2017.

BACKGROUND Single station GNSS 2007-2009
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*Variation of hourly vIEC values outside + 20
with respect to the background level.

w
o
|

30 —H

N. of Anomalies

[3%]
o
|
N. of Anomalies

N. of Anomalies

20 — 20 -

10 — 10 -

1l 1 Jls L

* The number of positive vIEC anomalies is greater in
2009. This is in agreement with what observed for
ionosonde data. Concerning level GO, G1 and G2 the A Gmgc.,£ o M Gmgjd£ oo A G:gca& oo
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Single station GNSS 2016-2017
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* The number of positive ionospheric anomalies are significantly 0. .
more numerous than negative ones, particularly for s - - l
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Conclusions

1. During the deep solar minima from ground and satellite observations the number of positive anomalies is greater than the number of negative ones. This low number of
negative anomalies is due to the very low solar and geomagnetic activity, as at mid-latitude they generally appear during strong geomagnetic activity.

2. The comparison between CHAMP and Swarm satellite data and two Ne backgrounds defined by IRI-2016 model and ionosonde data respectively, shows that
both backgrounds tend to overestimate the Ne data, although better results have been obtained for ionosonde background.
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