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Objectives 
• The most important objective of the space weather 

research program is to understand the connection 
between the ionospheric plasma irregularities and 
scintillation of the radio waves.

• In order to improve the space weather forecasting, it is 
important to study the ionospheric response over 
different regions.

• The present work aims to understand the 
characteristics of the ionospheric plasma irregularities 
over low and middle latitudes during the space 
weather events of the solar cycle 24.



Ionosphere:Formation and Structure 

Structure of Ionosphere

Formation of Ionospheric Layers Reflection of radio waves depend on the 
Plasma Frequency fp=9(Ne)1/2.

Composition  of Ionosphere



Ionospheric Variability
Ionospheric variability exists on a broad range of scales, 
which affects the sky-wave propagation of the radio 
waves. It can be classified as:

I. Regular Variations (Cyclic)
• Diurnal and Seasonal.
• Can be predicted in advance with reasonable accuracy.

II. Irregular Variations (Non Cyclic)
• Abnormal and cannot be predicted with accuracy.
• Triggered by space weather events (Solar flares, CMEs, 

HSSWs, geomagnetic storms, solar eclipse) and 
seismic events (Earthquakes, Explosions, Tsunamis).



Space Weather Phenomena
• Space weather pheomena describes 

the variations between sun-Earth 
space environment.

• Geomagnetic storm is the temporary 
disturbance of the Earth’s 
magnetosphere due to  exchange of 
energy from the solar wind into 
Earth’s magnetosphere. Drivers are:

• Coronal Mass Ejection(CME)
• High speed solar wind stream 

(HSSWs)
• IMF Bz southward



Case Study:  Geomagnetic Storms of 
SC 24
Coronal Mass Ejection(CME) driven: 

• Intense with Dst < –100 nT 
• Peaking at solar maximum  

High Speed Solar Wind (HSS) 
driven: 

• Weak with –75< Dst < –35 nT
• Smaller solar cycle 

dependence
• Common in declining phase.  

Gonzalez et al. 1990



Events Under Consideration

Event 
#

Occurence Kp Category Sudden Storm 
Commencement (SCC)

1 October 24-25, 
2011

~7 Strong 
(G3), 
CME 
origin

24 October at 18:30 
UT

2 February 18-20, 
2014

~7 Strong 
(G3), 
CME 
origin

18 February at 14:00 
UT

3 December 19-22, 
2015

~7 Strong 
(G3),
CME 
origin

19 December at 19:10 
UT



•

•

•

• Thermospheric Neutral Composition: The O/N2 maps are obtained from 
Global Ultraviolet Spectrographic Imager onboard the satellite 
Thermosphere Ionosphere Mesosphere Energetics and Dynamics 
(TIMED/GUVI).

Methodology





Solar Wind Parameters 



Regional Electron Content

SCC: February 18, 2014 at 
14:00 UT 

America=morning sector
Africa=noon sector
Asia=night sector



Global Ionospheric Maps



vTEC 



Plasma Bubble Detection
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• EPBs are plasma irregularities that originate in the 
equatorial ionosphere due to Rayleigh–Taylor instability 
(RTI) and can propagate to higher latitude ranges 
(Kelley, 2009). 

• Plasma depletion occurs in the form of geomagnetic 
field-aligned irregularities. 

• EPBs also change the local ionospheric electrical 
conductivity.
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