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Design phase for identification of drivers and additional parameters for the warning system



TID Activity scales
Based on EGNOS 

performance degradation

7 – 9 September 2017

AATR can be used for defining ionospheric activity 
linked to the performance degradation of the EGNOS 
performance. 



Sudden increase of the STEC for all satellites in view at noon 
related to the solar flare of 6 September 2017 and Solar Flare 
detection base on the GNSS TEC rate. 

TID Activity scales
Compliance with solar and 
geomagnetic disturbances



TID Activity scales
Compliance between AATR activity 
scales  and background conditions



TID Activity scales
Compliance between 

AATR and TEC gradient 
activity scales



TID Activity scales
Compliance between AATR 
and HF-INT activity scales



TID activity metrics

Method Product Characteristic/Parameter: Scales

GNSS TEC 
Gradient 

TEC gradient map:

Absolute value of the gradient 
(|Amplitude|) expressed in mm/km

|TEC Gradient  Amplitude in high-

latitudes (57-67°N)|:    [< 1.2] Low

[ 1.2, < 2] Medium

[> 2] Strong

AATR 
Indicator

Activity Index:

AATR expressed in TECU/min

AATR:              [< 0.5] Low

[0.5, <1] Medium

[>1] Strong
Ionospheric 
Background 
Conditions 
Indicator 

Detection of background ionospheric 
activity including positive and 
negative ionospheric storm effects

Color coded maps of the deviation of 
the current electron density in 
respect with median electron density.

 |dNe|< 1σ median conditions 
(green)

 dNe >  1σ positive (red)

 dNe < -1σ negative (blue)

Ionospheric Background Activity 
conditions Characteristics:

 Median conditions are 
dominating: Green points > 80%

 Positive conditions are 
dominating : Red points > 80%

 Negative conditions are 
dominating : Blue points > 80%

 Conditions tend to be disturbed: 
positive and negative points > 
median points

 Conditions tend to be median: 
positive and negative points < 
median points

Method Product Characteristic/Parameter: Scales

HF-INT Detections of LSTID:

Period, Spectral Energy 
Contribution (SEC), Velocity, 
Direction of propagation

SEC:                 

[<10%] Insignificant

[10%, <65] Weak

[65%, <80%] Moderate

[>80%] Strong

LSTID 
index

Detection of LSTID:

Perturbation in the local values of 
the electron density (RSD%) at 
specific altitudes (from 200 to 
500 km) and specific geographic 
locations.

RSD:                

<100  LSTID index=0; No TID

100<RSD<300 LSTID index=1; 
Uncertain Conditions

RSD>300 LSTID index=2; TID

Method Product Characteristic/Parameter: Scales

MSTID 
index

Activity Index:

MSTID_idx expressed in m of LI (1 
TECU=0.105 m of LI)

MSTIDidx:         [<0.1] Low

[0.1, <0.2] Medium

[>0.2%] Strong

NRTK: [<0.01] Quiet
CDSS-
MSTID

Detections of MSTID:

Period, Amplitude, Phase velocity, 
Direction of propagation

Doppler shift:

[<0.06] Insignificant

[0.06, <0.12] Moderate

[0.12, <0.18] Strong
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STRONG

TID activity report:
Refreshed every 5 min

Possibility to issue an 
alert based on user-
defined criteria
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Prediction of Large Scale Travelling Ionospheric Disturbances based on Total Electron Content and Solar Wind 
observations
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The AATR and MSTID indicators
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Continuous Doppler sounding in the Czech Republic and its application to TechTIDE project
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Alberto Garcia Rigo (UPC-IonSat)

https://events.spacepole.be/event/133/contributions/1379/
https://events.spacepole.be/event/133/contributions/1380/
https://events.spacepole.be/event/133/contributions/1376/
https://events.spacepole.be/event/133/contributions/1378/
https://events.spacepole.be/event/133/contributions/1381/
https://events.spacepole.be/event/133/contributions/1377/

