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INTRODUCTION
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METHODS

YEARLY ANOMALIES GEOMAGNETIC 
ACTIVITY

This study is carried out within the Limadou Scienza + project funded by the Italian Space Agency (ASI).
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DAY/NIGHT AND SEASON

CSES – Limadou
Collaboration

foF2 hourly observations
from the Rome AIS-INGV ionosonde

δfoF2: relative deviation
w.r.t. 27-day running median

Geomagnetic activity

(ap index up to 24 h prior to the anomaly)

ap (nT) Level Geomagnetic Activity

0-32 G0
ap ≤ 7: Quiet

ap > 7: G0

39-56 G1 Minor Storm

67-94 G2 Moderate Storm

111-154 G3 Strong Storm

179-300 G4 Severe Storm

Hour
Night-time:  22:00-03:00 LT
Day-time:    08:00-14:00 LT

Season
Winter: Jan, Feb, Nov, Dec
Equinox: Mar, Apr, Sep, Oct
Summer: May, Jun, Jul, Aug

Short Persistence (2-3 h)
Long Persistence (≥ 4 h)

Neg Anom: δfoF2 ≤ -0.15
Pos  Anom: δfoF2 ≥ 0.15

vTEC hourly observations
from the Rome GNSS receiver

Interquartile Range (IQR) method
applied to 27-day running windows

Neg Anom: vTEC < Q1 – 1.5 IQR
Pos  Anom: vTEC > Q3 + 1.5 IQR

Study of the electron density variations (foF2 and vTEC Pos/Neg 
anomalies) over Rome (41.82 N, 12.51 E) during the last two solar minima.

2018-2020

https://www.swpc.noaa.gov/products/solar-cycle-progression

• Very deep solar minima compared to the previous ones.

• G3 level of geomagnetic activity reached only in 2018.

2007-2009

foF2 – SP foF2 – LP 

vTEC – LP vTEC – SP 

~62% ~74%

~91% ~96%
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foF2 – SP foF2 – LP 

vTEC – LP vTEC – SP 

Yearly peaks always in G0 (prevailing level except in 2009)
with # Pos > # Neg

# Pos > # Neg
for all the years and type of Anom.

(particularly for vTEC and LP)

Very fewer vTEC Anom. than foF2

• very few Neg (almost no LP)
• often none in max level of

geomag. activity

Significant exceptions (# Neg > # Pos) for foF2, 
particularly SP Anom. often in QUIET level

Negative Positive
Winter Equinox Summer Winter Equinox Summer

2007
Night 2 8 15 7 10 16
Day 1 3 1 15 14 4

2008
Night 11 4 11 6 8 10
Day 3 5 0 13 13 1

2009
Night 7 3 9 10 9 10
Day 0 0 0 11 10 3

2018
Night 6 6 9 6 5 13
Day 0 0 0 8 8 8

2019
Night 4 8 11 11 6 14
Day 0 1 2 7 9 6

2020
Night 4 3 13 6 11 14
Day 1 0 1 7 8 9

Negative Positive
Winter Equinox Summer Winter Equinox Summer

2007
Night 3 5 6 7 7 7
Day 0 0 0 1 2 0

2008
Night 0 0 3 6 5 3
Day 0 0 0 0 2 0

2009
Night 4 3 2 10 5 6
Day 0 0 0 0 2 0

2018
Night 1 1 2 13 7 9
Day 0 0 0 2 2 1

2019
Night 2 1 4 13 4 6
Day 0 1 0 2 1 4

2020
Night 2 1 8 8 6 4
Day 0 1 0 0 0 0

foF2 – SP foF2 – LP 

vTEC – LP 

• Almost absent for vTEC.

• Very few or absent for foF2 during day-time (few exceptions with SP).

• Night-time foF2 more frequent during Summer.

Negative Anomalies

Positive Anomalies

• SP foF2 Anom. markedly prevalent during night-time only in Summer, while in every season for 
LP ones, which are always more in Winter.

• vTEC Anom. generally more frequent during day-time with some exceptions (e.g. 2009 for LP).

• SP vTEC Anom. usually prevalent during Equinoxes, while LP ones particularly scarce in Winter.

Negative Positive
Winter Equinox Summer Winter Equinox Summer

2007
Night 0 0 0 3 2 3
Day 0 0 0 1 7 2

2008
Night 0 0 0 2 5 1
Day 1 0 0 3 8 7

2009
Night 1 0 0 2 3 2
Day 0 0 0 1 5 2

2018
Night 0 0 0 0 2 1
Day 0 0 0 8 3 5

2019
Night 0 0 1 3 2 2
Day 0 0 1 3 6 9

2020
Night 0 0 0 0 1 1
Day 1 1 0 3 6 6

Negative Positive
Winter Equinox Summer Winter Equinox Summer

2007
Night 0 0 0 0 1 0
Day 0 0 0 1 1 4

2008
Night 0 0 0 1 0 0
Day 0 0 0 2 5 1

2009
Night 0 1 0 1 1 0
Day 0 0 0 0 0 0

2018
Night 0 0 0 1 1 2
Day 0 0 0 1 1 5

2019
Night 0 0 0 0 0 2
Day 0 0 0 0 1 2

2020
Night 0 0 0 0 0 1
Day 0 0 0 0 2 3

vTEC – SP 

We thank the Kyoto World Data Center for Geomagnetism for providing the geomagnetic data, freely available at http://wdc.kugi.kyoto-u.ac.jp/.

The ionospheric data are provided by the Istituto Nazionale di Geofisica e Vulcanologia and freely available at http://eswua.ingv.it/.

IONOSPHERIC DATA REFERENCES

• Upper atmosphere physics and radiopropagation Working Group et al. (2020). Electronic Space Weather upper atmosphere database (eSWua) 
- HF validated data (1.0). Istituto Nazionale di Geofisica e Vulcanologia (INGV). https://doi.org/10.13127/ESWUA/HFVALIDATED.

• Upper atmosphere physics and radiopropagation Working Group et al. (2020). Electronic Space Weather Upper Atmosphere Database 
(eSWua) - Total Electron Content (TEC) Data (1.0). Istituto Nazionale di Geofisica e Vulcanologia (INGV). https://doi.org/10.13127/ESWUA/TEC.

: # Neg > # Pos

: # Neg = # Pos

: No Anom.

N : N. of days characterised by 
that geomag. level that year

: Peaking level
that year

SP = Short Persistence
LP = Long Persistence

CONCLUSIONS
• Ionospheric disturbances over the INGV observatory of Rome are investigated during the last two deep 

solar minima (2007-2009, 2018-2020), when G3 level of geomagnetic activity was reached only in 2018.

• Significantly fewer anomalies are detected in vTEC compared to foF2, although the total number of each 
type is similar across the two solar minima.

• Positive anomalies dominate each year, as expected under low solar activity conditions, and are always 
most prevalent where the distributions according to the geomagnetic activity are more pronounced.

• A particularly small number of Negative anomalies is confirmed also for foF2 during daytime, while 
those occurred during night were more frequent in Summer.

• Seasonal and hourly patterns show more pronounced differences for Positive anomalies, particularly 
those with long persistence, which are more frequent during night-time and Winter for foF2, contrary to 
corresponding vTEC anomalies.

x/x : No Neg/Pos Anom.
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