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European lonosonde Service (EIS)
ESA Space Situational Awareness Programme / Space Weather Service
Network: available at http:\\swe. ssa.esa.int after registration
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The European Ionosende Service (EIS) is based on the real-time
collection and processing of data from 10 middle and high latitude
ionosondes, supported with datasets from the ROB-GNSS group (TEC
parameters) and from NOAA (solar and geomagnetic indices).

All EIS products are calculated in the DIAS backend and transferred to
the SSA-SWE Portal in near-real time.

The EIS is operated by the Ionospheric Group of the National Observatory
of Athens,

This web page forms part of the ESA Space Situational Awareness
Programme's network of space weather service development activities,
and is supported under ESA contract number 4000106756/12/D/MRP.

For further product-related information or enquiries contact helpdesk. E-
mail: helpdesk.swe@ssa.esa.int
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All publications and presentations using data obtained from this site should acknowledge the European Ionosonde Service as it is

specified in the Rules of the Road and The ESA Space Situational Awareness Programme.
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European lonosonde Service (EIS): exploitation of the DIAS
network (http:\\dias.space.noa.gr)

DIAS Models

Background model Related products
ofelnloI Lol Mol MU LRSIl ol N i [le M [e]g[selg[Ig[ole LoONg-term predictions of the foF2
Regional Model (SIRM) and the Comité
Consultatif International pour la Radio
(CCIR) model [Zolesi et al., 1993; Belehaki
et al., 2015].
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Belehaki, 2015; Belehaki et al., 2015]. Forecasted foF2 values for the next 24
hours over each station.

SRR oS [0 [CRSTo N o TRV (ol [ R L K=o No)/Be  Near real-time TEC maps for the
Digisondes (TaD) [Kutiev et al., 2012; EESVCeJoENLI[[o])!
Belehaki et al., 2015].

Real time activity index Maps of current ionospheric
conditions at each station location
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EIS monitoring and prediction capabilities

Strom event: 21 - 25 June 2015

* Intense storm event with multiple
June 2015 Dst (Provisional WDC for Geomagnetism, Kyoto onsets
e Min Dst: -204 nT
e CME-driven event
(http://www.srl.caltech.edu/ACE/
ASC/DATA/level3/icmetable2.htm)

Chilton 2015/06/22 Chilton 2015/06/23

lonospheric response

lonization increases (positive storm
effects) and decreases (negative storm
effects) are apparent over Europe during
the June 22 and June 23, respectively. D e C e
The predictions of the SIRM model are H H
also provided as representative of the
ionospheric reference level.
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EIS Alerts (based on the SWIF model,
Tsagouri et al 2009; Tsagouri and Belehaki, 2015)

FIS Product I.110: Alerts for ionospheric disturbances in the European sector (based on the Alert Algorithm of the SWIF model)
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EIS Tonospheric Storm Alert for Europe powered by the DIAS backend

Issue Time: 2015-06-22 18:00 UT
Updated on: 2015 06 22 23:00 UT
Updated on: 2015-06-23 04:00 UT
Updated on: 2015-06-23 06:00 UT

foF2 storm time disturbances are expected over Europe from 22-06-2015 to 24-06-2015

Expected storm effects
Positive: Possible at middle to low latitudes
Negative: Possible up fo 46% (locally)
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National Observatory of Athens

Tonospheric Physics Group, IRASARS

DIAS - European Digital Upper Atmosphere Server
For more information, see http://dias.space.noa.gr

SWIF’s warning results for solar cycle 24
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POD =55%
FAR = 33%
SR =67%

POD = 60%

FAR = 40%
SR =60%

The EIS alert issued on 23
June 2015 at 06:00 UT.
This was the last one of a
series of alerts that were
issued by the system
during the specific storm
event and summarizes all
previous alert activity
(see the list of updates in
the report).

The alerts are provided
with an average
probability of detection
80% (Tsagouri and
Belehaki, 2015).
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EIS Forecasts (based on the SWIF model,
Tsagouri et al 2009; Tsagouri and Belehaki, 2015)

Chilton

16 20

Prediction step {hour ahead)

foF2 forecasted
foF2 median

foF2 observed

The single site 24-hour forecasts
of the foF2 issued by EIS for
Chilton location on 22 June
2015, 20:00 UT. The plot was
reproduced here to include
actual measurements of the
foF2 for comparison purposes.

e Mean Relative Error (%)
e Running Medians

Available at the main nodes of the
network (Tsagouri and Belehaki,
2015



EIS Nowcasting products: foF2 (based on the SIRMUP model,
Zolesi et al. 2004; Belehaki et al., 2015)
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EIS nowcastiflg maps of the foF2 critical frequency: 82 June 2015, 12:00 UT (left: positive
storm effecth) and (right, L

number of stations used for the generation of the maps.
Example: 5 stations in the mid-latitudes and one station in the high latitudes: nowcasting
estimates of significant reliability (Belehaki et al., 2015).



EIS Nowcasting products: foF2 (based on the SIRMUP model,
Zolesi et al. 2004; Belehaki et al., 2015)
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The relative deviation of the nowcasted from observed foF2
values over the reference stations is given as a quality indicator for EIS nowcasting
services. (Belehaki et al., 2015).



EIS Nowcasting products: Near real time TEC maps (based on
the TaD model: Kutiev et al., 2012; Belehaki et al., 2015)

22-06-2015 12:30UT
s 10 1520 3530 3

Positive storm effects
are apparent in the
TEC parameter.

Near real-time TEC maps for the European region generated on 22 June 2015, 12:30 UT:
e Bottomside TEC: The integrated electron density from 90 km to the hmF2 altitude
* Topside TEC: The integrated electron density from the hmF2 altitude up to the O+/H+

transition height
* Plasmaspheric TEC is the integrated electron density from the O+/H+ transition height up

to 20,000 km
e Total TEC is the integrated electron density from 90 km up to 20,000 km.



EIS Nowcasting products: Near real time TEC maps (based on
the TaD model: Kutiev et al., 2012; Belehaki et al., 2015)
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Bottomside TEC “AhY b \S\SN /) " Topside TEC
Near recl—time map N { Neor regl-time map

 Number of stations: 4 stations is the minimur 1 number of stations required for the
generation of the map.

e Quality index, which is a measure of the deviation between the model and the GNSS-
derived TEC parameters. The smallest the quality index is, the best is the fit between
the model-derived maps and the GNSS-derived TEC maps.



EIS Nowcasting products: Near real time TEC maps (based on
the TaD model: Kutiev et al., 2012; Belehaki et al., 2015)
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Future Improvements

Improved forecasting algorithms for ionospheric disturbances: in its present
form, the SWIF model predicts mainly ionospheric foF2 disturbances driven
by CME-associated structures at L1 point. Improvements include the
consideration of the effects of solar flares [Kontogiannis et al., 2016] and
high-speed solar wind streams [Tsagouri and Belehaki, 2015], but also the
expansion of the models’ capabilities in forecasting the TEC storm-time
response [Tsagouri et al., 2017 this meeting].

New algorithms for the identification of travelling ionospheric disturbances
based on the measurement of angle-of-arrival, Doppler frequency, and
time-of-flight of ionospherically reflected high-frequency (HF) radio pulses
exploiting the capabilities of modern ionosondes DPS4D [Reinisch et al.,
2017].

Improved 3D electron density distribution models to trace the variation of
the electron density along any arbitrary orbit in space which is a specific
request of satellite operators [Kutiev et al., 2016].
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