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Introduction lonosphere vs GNSS

Electrically charged media affects the radio-wave propagation (depending on the frequency)
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Monitoring

o4 Ao @ Bergeot N., et al. (2014) J. Space Weather Space Clim.

Space Climate

» Input data: real-time data from the EPN (~150 stations)

= Near real-time TEC maps over Europe
+ variability

= since 2012

Sampling rate : 15 min

Grid extent : Long W15°/ E25°
:Lat  N35°/N62°

Grid resolution : 0.5°x0.5°
Latency . ~3 minutes

lonospheric Range Error (L1 in m
HEL] 1.62 124 4EH  6HdB El0 972 =134
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IONOSPHERE AND SPACE WEATHER

Contact jonofoma bs

Monitoring based on Real-Time

PPY Services
i SN EPN Data

® 2017-09-06 : Spacs weathar avent dus to Solar Radio Burst (mors hara)
® 2017-03-21 : lonospharic activity dus to Gaomagnatic Activity (mors hara)
& . mors svents hare

Near—Real Time lonospheric Products
Vartical Total Blactron Contant (VTEC) astimated in Near Raal-Tima (NRT) avary 15 minutas from EUREF Parmanent Natwork (EPN) GPS data. W W W " q I I S S ] e

Mora...

* |Intaractive Mags: display animated VTEC maps (movia) for a requasted period and VTEC valus at a givan lozation and tima. (4-5 secto
load).
istizal Maps and Plots: statistics to compare the ionosphera for a requastad tima with raspact to tha 15 previous days.

ffarent locations (North of Europa, Brusssls and South of Europs).

.
re publicly available i IONEX format at Rp:/ fgnss.oma be/qnss /products IONEX!. Wa request that usars include a citation o 1 I O n O S h er I C I O t al EI ect ro n ( :0 n t e n t
20 acknowladgmant whan using R02 VTEC data or products results in 2 publication. Sae disclaimer and cogyright for mors

» Interactive TEC maps
= Statistical TEC maps

= TEC Time Series at 3 locations (North-
Brussels-South)

= TEC Data (IONEX)
ftp://gnss.oma.be/gnss/products/IONEX/

M = Event Description

Interactive Maps

19/10/2017 (DOY 292) 14:15-14:30 UTC

2) Solar Radio Burst (SRB)

; : = \Warning System
“AAAAAS )=
- = = == = Event Description

Solar Radio Burst Warnings for CNSS Applications in Europe

Solar Radio Bursts {(SRE) amitted at tha GNSS frequancias can affact tha CNSS signal reception. To daetect such avent, 2 near-real tima SRB
waming system with 3 4-lavel indax was set in Europa using the real-tims EUREF Parmanant Network.

(TECy
VTEC Vasabitty (TECu)



http://www.gnss.be/
ftp://gnss.oma.be/gnss/products/IONEX/

Services Statistical TEC I\/IapS

17/03/2015 (DOY 076) 18:15-18:30 UTC Median VTEC last 15 days 18:15-18:30 UTC

g Normal ionospheric TEC
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http://www.gnss.be/Atmospheric Maps/static ionospheric maps.php



http://www.gnss.be/Atmospheric_Maps/static_ionospheric_maps.php

Services

SUMMARY OF THE EVENT: A solar flare occurred the 6/09/2017 generating a sudden small increase of TEC at noon with
higher variability of TEC. The next days, the arrival of the CME generated disturbances in the North during night-time of
the 7/09/2017 and at the end of the day 07/09/2017. An increase of TEC was also observed in the South the 07 and
08/09/2017. A depletion of TEC followed the following day 09/09/2017
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Services

SUMMARY OF THE EVENT: A solar flare occurred the 6/09/2017 generating a sudden small increase of TEC at noon with
higher variability of TEC. The next days, the arrival of the CME generated disturbances in the North during night-time of
the 7/09/2017 and at the end of the day 07/09/2017. An increase of TEC was also observed in the South the 07 and
08/09/2017. A depletion of TEC followed the following day 09/09/2017
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Research and Scientific Applications

lonospheric
TEC Maps




IAG - Real-Time
lonospheric Monitoring
Working Group

Climatology of
the lonosphere

Improving GNSS single
frequency positioning

3D lonosphere TEC Maps

Nowcasting and
Forecasting for
ESA Space Situational
Awareness

Solar Eclipse 20t Mar. 2015
RT and post
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Introduction

= 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)

061206 ZHU1-WAAS L2

= SRBs increase the noise level of %]
GNSS ground stations

40+

N
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= Carrier-to-Noise density (C/N,)S %
[35; 55] dB-Hz
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Cerruti et al. 2006
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Introduction

Rise in error = Positioning error during SRB — Positioning error on a quiet day
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24/09/2011
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al. 2015
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Monitoring EPN data for SRB monitoring

RT monitoring of the abnormal fade of GNSS signal reception due to
SRB at the 2 GNSS frequency bands L1 and L2

Chevalier et al., URSI GASS 2017

® Daily stat
® Real-times
® Real-time

C/N, (dB-Hz) extracted from RINEX files (S1-S2)

GNSS AC/N,
Fade

Level

Effect

>-1dB-Hz none

SRB detected but should not impact

Moderate  -1dB-Hz  GNss applications

-3 dB-Hz Potential impact on GNSS applications

-10 dB-Hz  Potential failure of the GNSS receivers




IONOSPHERE AND SPACE WEATHER

Contact jonofoma bs

Monitoring based on Real-Time

Y Services
misivs epe s BRI EPN Data

* 2017-09-06 : Spaca waathar avent dus to Solar Radio Burst (mors hers)
® 2017-08-21 : lonospharic activity dus to Gaomagnatic Activity (mora hera)
& . mors events hars

Near-Real Time lonospheric roducts www.gnss.be

Vartical Total Blactron Contant (VTEC) astimated in Near Real-Tima (NRT) avary 15 ménutas from EUREF Parmanent Natwork (EPN) GPS data.
Mora...

® Interactive Mags: display animated VTEC maps (maovis) for a reguastsd period and VTEC valus at 2 givan lozation and tima. (4-5 ez to
load).

® Statistical Maos and Plots: statistics to compars the ionosphers for 3 requastad tims with raspact 1o tha 15 pravious days.

® VTEC Tima Series: tha VTEC evolution over time and its median of the 15 previous days (24h pradiction), extracted from the VTEC

R s e ] ) JONOSpheric Total Electron Content

an acknowladgmant whan using ROB VTEC data or products rasults in a publication. Sae disclaimer md% ight for mora

Interactive Maps Statistical and Plots (T E C)

191072017 (DOY 292) 14:15-14:30 UTC

information.

* Interactive TEC maps
= Statistical TEC maps

= TEC Time Series at 3 locations (North-
Brussels-South)

= TEC Data (IONEX)
ftp://gnss.oma.be/gnss/products/IONEX/

— = Event Description

9 .

; 2) Solar Radio Burst (SRB)
; . : = Warning System
\Aaass 95y

e & x ¥ = Event Description

Solar Radio Burst Warnings for CNSS Applications in Europe

Solar Radio Bursts {SRE) amittad at the GNSS frequancias can affact tha GNSS signal recaption. To detect such avent, 2 near-real time SRE
warning system with a 4-lavel indax was zet in Europe using the real-tima EUREF Parmanent Natwork.



http://www.gnss.be/

Services

www.gnss.be SRB WARNING SYSTEM FOR GNSS APPLICATIONS IN EUROPE

Contact: jone@oma. be
Tao receive real-time alert emails, please contact us to be added to the mailing list.

Last update : 2015-11-04 14:29:30 L1 L2
Last 15min
Last 24h
Last wesk
Events of the last 30 days:
Frequency Date of the maximum Maximurmn fade Beginning of the event End of the event
fade {in dB/Hz) (fade<—1dB/H=z) (fade=-1dB/Hz)
L2 2015-11-04 14:29:00 -5 7512 26 2015-11-04 14:22:00 On—Going

To detect Solar Radio Burst (SRB) affecting the GNAS signal reception in Europe, the carrier to noise density (C/MN0Q) of the real-time EPN GPS
network are monitored in near-real time (updated every 153 minutes). The intensity of the SRB impacts on GN55 applications are indexed at

4 levels:
.
® - 5RB detected but should not impact GNSS applications,
® . potential impact on GM55 applications,
o severe : potential failure of the GN35 receivers.

Previous SRB Events at the GNSS5 frequencies
o 2015-11-04 : Space weather event due to Solar Radio Burst (maore here)



http://www.gnss.be/

Services

SUMMARY OF THE EVENT: The solar radio bursts of the 06/09/2017 impacted the GPS signal reception at
both frequencies L1 and L2. On L1, two fades above 1dB-Hz were detected at 12h01 and 12h05. On L2, a
first fade above 3dB-Hz which could potentially affect the GNSS application, occurred for 3 min with a
maximum of -6.25+1.6dB-Hz at 12h02. It was followed by a second lower fade above 1dB-Hz at 13h03. For
additional information about the burst on a larger frequency spectrum see at SIDC Humain
Radioastronomy Station.

AC/Ng at L1 (dB-Hz)

11:30 12:00 12:30 13500 13:30 14:00 14:30

AC/N, at L2 (dB-Hz)

'12 - T i I T 1 T I T
11:30 12:00 12:30 13:00 13:30 14:00 14:30

Time (UTC) - 06/09/2017



http://sidc.be/humain/event_x9_20170906.php

SUMMARY

= |ONOSPHERE

= TEC maps (+TEC variability) over Europe since 2012 in
near-real time (0.5°x0.5° grids, 15 min.)

= Visualisation of the ionospheric activity : www.gnss.be

= Data: ftp://enss.oma.be

= Scientific applications : Climatology of the lonosphere,
GNSS single frequency positioning(...)

= SOLAR RADIO BURST

= GNSS signal reception is monitored in real-time
= SRB Warning System

= Register at the email alert : iono@oma.be



http://www.gnss.be/
ftp://gnss.oma.be/
mailto:iono@oma.be

SUMMARY

Thank you



