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1901 : First Trans-Atlantic communication
1902 : Reflecting layer in altitude

- S |

MARCONI TRANSATLANTIC STATIONS
and

Ship and Shore Stations
Organized a5 a Wireless Exchange for carrying on &
Commercial Telegraphic Service
5 on 30" June.1907.
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1925 : lonized layer in the upper atmosphere
1926 : The term ionosphere appears

Sender Direct wave --Receiver
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1931 : Theory of on the ionization of the upper
atmosphere by electromagnetic waves emitted from the
Sun.

lonosphere

Neutral ionized plasma
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~300-400km  _HF F region

E region

~50km D region

LF : 30-300 kHz
HF : 3-30 MHz
UHF: 300-3000 MHz
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UT = 12h OOm
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Quiet lonosphere UT = 12h OOm

Electron Column Density 100Km to 400Km (m-—2)
UT = 12h 00m

lonospheric Storm UT# 12h 00m ' ieesteiecanw

Electron Column Density 100Km to 400Km {m-2)
UT = 12h 0¢0m
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GNSS

Global Navigation Satellite Systems

GPS 32 /31 satellites

Galileo 10 (+2+4+2)/30 satellites

1 E

GLONASS 24/24 satellites

@
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GNSS : Global Navigation Satellite System

Global systems MEO:
GPS (US) i
Galileo (EU) 4
GLONASS (RU) LT
Beidou (CH) e

Regional systems GEO + IGSO:
Qzss (JP)
IRNSS (IN)

Augmentation systems (SBAS) GEO:
WAAS (US)
EGNOS (EU)
MSAS (JP)
GAGAN (IN)
<

MEO: Medium Earth Orbiter — 20 000 km:..— -
GEO-IGSO: Geostationary Orbit — 36 000km
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Space
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lonospheric Range Error (L1) inm
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GNSS - Space Weather

= Continuously observing GNSS stations since 1996
= Presently: ~ 320 stations over Europe

= RT : Presently ~ 140 stations

oy -\
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Products available on-line

* ~
Rl
>k k 4 5

Sl Obsenatory of Saigum
CNSS Research Croup.

- DATA AND PRODUCTS
= |ONOSPHERIC MAPS

= DYNAMIC
= STATIC

NRT — TEC maps

Every 15min.

0.5°x0.5° grid
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Products available on-line

VTEC DOY 076 12:00-12:15 UTC Median VTEC last 15 days 12:00-12:15 UTC

March 17t 2013 event

Statistical products
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Prediction :

Median of the VTEC
for the 15 previous
days.

JAVTEC|>5TECU=93. 7%
5% | Sta=6.6 JAVTEC|>10TECU=83.2% |

1 Hist. NRT-PRED lll—-dn-25.7-
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Products available on-line

*
*kk kK
*kkk

http://www.gnss.be

oy Cbsarariony o igaom
NS Rerearch Crowp

;_- DATA AND PRODUCTS
= |ONOSPHERIC MAPS
= DYNAMIC
= STATIC

® |ONOSPHERIC EVENTS

SWIC 2017 - collaboration between STCE, Koninklijke luchtmacht, KNMI
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Products available on-line

IONOSPHERIC EVENT 2013-05-25 Time-series extracted
i— from the NRT maps

SUMMARY OF THE EVENT: A CME hit th
consequence, the Total Electron Content

Earth magnetic field at 18:00 UTC the 24th of May 20
) of the ionosphere over Europe decreased until the 2

w0 | LoRdeT (678 a)l .-
. - Prediction
w 2 Observations

i

VN
s By e 2012-2017 (43 events)
e T V- Vo 70% CMEs
0 ; -5 20% geomagnetic activity (??)
@ " N }f”,f‘ s 10% unidentified phenomena

Figure 1. VTEC Time Series

)
SWIC 2017 - collaboration between STCE, Koninklijke luchtmacht, KNMI C%
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Products available on-line

IONOSPHERIC EVENT 2014-02-27

Contact: igno@ignss be

Time-series extracted
from the NRT maps

the Northern and Southern part of Europe, whilk
large Solar flare ((4.9) of 25/02/14 which ge
www side be).

JEEFET | | ale Prediction
& A= Observations

. (A Bl 2012-2017 (43 events)

AAAAA:

EnaE s

70% CMEs
20% geomagnetic activity (??)
seTinmnen o 10% unidentified phenomena

VTEC (TECU)

lonospheric Range Error (L1) inm

grey.

“ - About this event, see also:
- * VITEC maps during this event: here

o * Comparisons with the median of the last 15

days: here

o © 3bout the origin of the ionospheric isturdances

9 I - debe

M(UTC) o % 12 10 b e 12 1o o oo 12 10 b 0w 2 0 b o0 v

Figure 1 VTEC Time Series
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Products available on-line

IONOSPHERIC EVENT 2015-01-07 Time_series extracted
from the NRT maps

SUMMARY OF THE EVENT: A sudden increase of TEC was observed during the day of the 7/01/2015, (~47 TECu with respect to the

median of the 15 previous days at 12:30 UTC). These ionospheric disturbances are linked with an u

P [ a) A Lo
. ) - Prediction
“ . Observations
3" -5 2012-2017 (43 events)
g* T8
g - 70% CMEs
o = § 20% geomagnetic activity (??)
© " § 10% unidentified phenomena

" About this event, see also

i
K 71 =
¢ > + VTEC maps during this event: here
w + Comparisons with the median of the last 15
s days: here
\ Y 1 o about the origin of the ionospheric

0
BA(UTC) @ o v w
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Figure 1: VTEC Time Series
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March 17, 2015 - Onset 05:00 UTC — Dst = -223 nT — Geom. Storm (Kp=7)
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F2 Critical frequency = foF2

lonospheric F2 layer ~ 300-400 km.

Medium Frequency (0.3-3MHz)
High Frequency (3-30MHz)

< foF2 = Reflexion
> foF2 = Refraction

SWIC 2017 - collaboration between STCE, Koninklijke luchtmacht, KNMI
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FOF, — SLAB THICKNESS
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Fig. 1. Schematic view of the wertical electron density profike
characlenstics such & the peak density (NmF2) peak height (hmF2),
upper jon transition level (UTL), scale height (Hsc) and skab thickness (z).

From Stankov et Warnant, 2009

SWIC 2017

T

foF2

Davies, 1990

VTEC

= foF22x1.24x 106

 VTEC
'= NmF2

: F2 critical frequency in MHz

T :lonosphericslab thickness in m
: Vertical Total Electron Content in e/m2

VTEC
NmF2

: Maximum electronic concentration in e/m3

collaboration between STCE, Koninklijke luchtmacht, KNMI
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F2 Critical frequency = foF2

NRT-VTEC ROB maps NRT-foF2 ROB maps
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IONOSONDE

Election denaity profile reconatiuction in real time
from GPS (DOUR) and onosonde (DB0A9) measurements at Dourbes (50.1°N, 4.6°E)

lonosphere Plasma -
Frequency

b |

lonosphere Total
Electron Content
(TEC)

lonosphere peak
density altitude
(hmF2)

° Y Zorwlbaos T ° ‘u;""’."?’"ﬁ":.m ° Y Zoi0'ba-of
@Dourbes-RMI
S ation between STCE, Koninklijke luchtmacht, KNMI

Fp MHz)

lonosphere Critical
Frequencies
(F2 layer - foF2 ,
E layer - foE)

lonosphere Peak
Density
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EARTHQUAKES

Satellite PRN13 (TECU)

1000
DISSIPATION 028
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'\\\‘ Rayleigh wave 3

Earthquake /]
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Tokachi-Oki earthquake of September 26, 2003 (Mw = 8.0).
Waves propagating at 3.5 km/s from the epicenter




DETECTION DE TSUNAMI

The observed signal for the June 23, 2001, tsunami (initiated offshore Peru). Total
electron content variations are plotted at the ionosphere pierce points. A wave-like
disturbance is seen propagating toward the coast of Honshu, the main island of Japan.
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SCINTILLATION

Ecart type normalisé des fluctuations de
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Scintillation
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SOLAR RADIO BURSTS

* The Sun emits in radio over a wide frequency range (from
few kHz to GHz)

* Solar Radio Bursts (SRB) are intense radio emissions
(durations from 10s to few hours)

24 September 2011 - RSTN Obs. 1415 MHz

24-Sep-2011 13:14:02 SDOJAIA 211 A 10l — sanvito
5 10 |
)
3
9 10°
]
<
ey
-100 Y 19550 12:30 13:00 13:30 14:00
Time [UT]
=2 The SRB power is measured in solar flux
-300 . units (1 SFU = 1022 W.m2.Hz'!) at
~1100-1000 900 ~800 700 —600 ~300 400 different frequencies [250 MHz; 34 GHz]
SWIC 2017 - collaboration between STCE, Koninklijke luchtmacht, KNMI Cb

44



SOLAR RADIO BURSTS

* The Sun emits in radio over a wide frequency range (from
few kHz to GHz)

+ Solar Radio Bursts (SRB) are intense radio emissions
(durations from 10s to few hours)

Type lll
_ 3000 ",
T
1000
=
S
> 300
2
@ 100
z
30
2
L 10
0 10 20 30 40 50 60 70 80 90
Time after the Solar Event (min)
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IMPACT ON GNSS SIGNAL
RECEPTION

GNSS signals: 061206 ZHU1-WAAS L2
— L1[1550; 1610 ] MHz 45t ‘ ;
— L2[1170; 1300 ] MHz
— Right Hand Circular _w

Polarized (RHCP) T
— Low power (~-160dBW) £
— vulnerable to Radio 5
Frequency Interferences &%/
25+ .
SRBs increase the noise level :OQ;;’“;‘OF

of GNSS ground stations

18 185 19 19.5 20
UT Hours
Carrier-to-Noise density Cerruti et al. 2006
(CIN,) [35; 55] dB-Hz
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105 24 September 2011-San Vito

1415 MHz

-
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212 stations

QUIET
MIN-7.03
MAX7.00
MEANO.00
MEDIANO.01
STD.50
SRB

#44787

MIN -7.14
MAX7.21
MEANO.00
MEDIAND.06
STDL.98
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GNSS receivers do not distinguish the GNSS signal through the solar radio
interferences.

Positioningerror due to the loss of lock of individual satellites

FIGURE 1: PPP height component and Vertical DilutiBreoisonVDOP) at Recife,
Brazil (top) and Sao Tome, Africa (bottom)

Stations located at the equator

-11dB.Hzon L1

-22dB.Hz on L2 at Cap Verde

Figure 2: C/}jfades of-25dB.Hz on L1 an80dB.Hz on L2
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