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Current Ionospheric Products 



Current Ionospheric Products 

New Ionospheric products 

• Sporadic E occurrence  

• F-spread 

• TID  

Ionospheric Variability 

Warning -new 

Ionospheric Height 

Changes Warning -new 

High energy proton 

precipitation causing D-

region density enhancements  

Solar flare induced density 

enhancements in D-region 

leading to absorption   

Magnetic storm-induced 

enhancements and depression 

Monthly median 

Available BW 



What causes 

Ionospheric Variability 

Natural and man-made disturbance 

causing medium and small scale TIDs – 

from below - COUPLING from BELOW 

 

Sudden solar wind and solar flux 

changes, enhanced particle precipitation, 

disturbance thermospheric winds, large-

scale TIDs  - COUPLING from ABOVE 

Important to quantify 

variabilities: 

• To improve predictability 

of a system 

• To warn on HF Directional 

errors and fading of HF 

comms links  

• To warn on degradation of 

GPS-based timing and 

navigation accuracies  

 



Ionospheric Variability and 

variability extremes 

Ionosphere is variable at 

nearly all temporal and 

spatial scales. When and 

where are variabilities 

such larger than normal? 

Extreme variability – when the observed 

variability is two-standard deviation larger than 

the normal variability. 2.5% of time. 

Is this extreme 

variability 

Z = 
𝑺𝒄𝒐𝒓𝒆 −𝑴𝒆𝒂𝒏

𝑺𝒕𝒂𝒏𝒅𝒂𝒓𝒅 𝑫𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏
 

Score – variability at given local time 

Mean and Standard deviation are computed from 

data which have similar local time as the "score" 

and are collected over the nearest 1-year 



Computation of Ionospheric 

variability – 3 hourly time-scale 

Raw Data  

5 min FoF2 
observations 

3-hr Standard 
deviation 

Z-score of standard 
deviation 

Perturbations 

LSF 

3-hr Standard 
deviation absolute 

deviation 

Z-score of standard 
deviation 

3-hr Standard 
deviation relative 

deviation 

Z-score of standard 
deviation 

Last 7-Quiet 
day Median 

3-hr Standard 
deviation absolute 

deviation 

Z-score of standard 
deviation 

3-hr Standard 
deviation relative 

deviation 

Z-score of standard 
deviation 

For Z-score, the background data 

were measurements collected in the 

vicinity of 1-year wrt to 

corresponding observation time.  



Ionospheric variability extremes – how 

often do they occur 

Variability extremes are 

common during: 

• summer 

• peak of solar cycle 

• Disturbed magnetic 

conditions 

 

  



Ionospheric variability extremes and 

magnetic disturbance 

Statistical analysis of 50-years 

plasma density data from a 

global network of 132-

ionosondes. This investigation 

uses ~1000 geomagnetic storm 

incidence - Kumar and 

Parkinson, Space Weather, 2017 

 

Does this imply that the density 

enhancement during prestorm 

and main-phase of storm 

support good HF propagation 

conditions. How about 

ionospheric variability. Would 

there be increase in HF 

directional errors and HF signal 

fading despite the 

enhancements in densities.   

 



Ionospheric variability extremes and 

magnetic disturbance 

Variability 

extremes are 

common during: 

• Disturbed 

conditions in 

local time 

sectors in low 

latitudes. 

• Disturbed 

conditions in 

afternoon 

through the 

night sectors in 

high latitudes. 

 

  



Major Space Weather Event (6-9 Sep) 

Impact on HF support  

LASCO C3 

Direction finding Warning 

Variability Warning 

LASCO C2 



07/0000 UT 

Major Space Weather Event (6-9 Sep)  

FoF2 depression and enhancements  

Absolute 

perturbations: 

removing the last 

7 quiet day 

medians (Kp < 2) 

Depression 

Enhancements 

Near real-time FoF2 maps 
FoF2 Perturbation maps 



Day before storm onset 

– enhancements of up 

to 2 MHz mainly due 

large increases in solar 

flux 

Major Space Weather Event (6-9 Sep)  
Storm main phase – 

enhancements of up to 3-4 MHz 

Storm recovery phase – onset of 

depressions in high latitude 

regions  Depression 

Enhancements 



Day before storm onset 

– few incidents of 

extreme ionospheric 

variability 

Major Space Weather Event (6-9 Sep)  

Z-score of 

variability 

Variability Warning 

Storm main phase – significant 

increase in occurrence of 

extreme variabilities 

Storm recovery phase –  more 

wide spread occurrence of 

extreme variabilities 



Day before storm onset 

– very weak few 10s of 

km increases in hmF2  

Major Space Weather Event (6-9 Sep)  

Depression 

Enhancements 

Direction finding Warning 

Storm recovery phase – hmF2 

continue to be enhanced 

Storm main phase – significant 

increase in hmF2 
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