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Introduction
• Space Weather Elements

Space Weather is defined as the condition of the heliosphere driven by magnetic 
activities of the sun through solar wind, CME and solar flare etc.

Primarily characterized by the solar wind parameters like its plasma content, 
momentum, pressure, etc. and by interplanetary magnetic field (IMF) carried by it. 

• Effects on Equatorial ionosphere

Their interplay with earth’s magnetosphere leads to exchange of particles and energy 

Results in particle precipitation, induced electric fields and consequent currents, 
perturbation in geomagnetic fields 

Equatorial and high latitude ionosphere is mostly perturbed as a result in terms of 
electron density enhancement  and irregularity formation

• Effect on GNSS

Ionospheric perturbation leads to excess delay and scintillation in GNSS signals



Metrics to quantify irregularities and its effects

• Variations in ionospheric Total Electron content occur as the ionosphere changes with 
time and signal changes its path with time, as well

• Overall Rate of TEC (ROT) along the signal path in terms of TEC (T) is 

ROT = dT/dt =   𝜕𝑇/𝜕𝑡 + v . 𝜕𝑇/𝜕𝑠

• ROTI is Standard deviation in ROT values over a 5 minutes’ window (Pi et al., 1997). 

𝑅𝑂𝑇𝐼 =  < ( 𝑅𝑂𝑇 − < 𝑅𝑂𝑇 >)2> TECU/min     

• S4 is the index of amplitude scintillation  and is given by

𝑆4
2 = 

<𝐼2>−<𝐼>2

<𝐼>2

• Correlation between ROTI and S4 has been established by many previous researchers

Preamble



Measurements of Data

• TEC is measured using Indian GNSS Network of 
18 Stations

• TEC data from the select TEC measuring receivers 
of the Indian GNSS is utilised

• Receivers provide the TEC values along the slant 
signal path in TEC units elevation, azimuth and 
time stamps at the interval of 30 seconds. 

• Receivers are also capable of estimating the 
amplitude scintillation at L1 in terms of S4 index 

• Measurements are recorded up to a lowest 
elevation of 25°. 
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St. Patrick’s Day Geomagnetic Storm

• CME (Coronal Mass Ejection in Sun) occurred on March, 15, 2015

• Plasma shock impinged upon magnetosphere on March, 17, 2015 at ~0430 UT. 

• Around 1200 hrs UT, IMF a G4 geomagnetic storm started. Most severe storm of cycle 24

• strong scintillation at equatorial latitudes were reported from Brazil and India

Preamble

Min. IMF Bz = -30 nT

Induced Elec. Field = 200 mV/km  

Min. Dst = -223 nT at 2300 hrs UT. 



Results
Spatial plots of ROTI on Storm day for different snapshots

• Obvious escalations in irregularity intensity observed in ROTI on storm day

• Latitudinal regularity observed

• Occurrence most conspicuous under the crest

• Maximum occurrence observed around 1900 hrs

1500 hrs LT 1700 hrs LT 1900 hrs LT 2100 hrs LT



Results
Spatio-Temporal pots of ROTI for Storm and Quiet days

• Obvious escalations in spatial extent, intensity and duration of the ROTI for the storm day

• Compared to a quiet day, the intensity of the irregularity has increased by over 180% on

the storm day while the spatial extent is over 300% more area in spatio-temporal plane

Storm Day
17.03.2015

Quiet Day
10.03.2015



Statistical Occurrences of irregularities – Exceedance plots on Storm day

Results

• Exceedance plots indicates the value of ROTI that is exceeded for a given probability of

occurrence. Plots are shown for different percentages of exceedance over time.

• Equatorial and Crest region showed maximum values. 1% of cases at 22-23 hrs LT exceeded

ROTI value of 3

• Intensity falls of at regions above crest region

00° - <14°N 14°N - <28°N 28°N - <42°N



Discussion and Conclusion
• Features of Spatio-temporal variations the equatorial ionospheric irregularities on storm 

day analysed in terms of ROTI 

• The main conclusions of this study are the following:
Intense storm generated irregularity compared with a nominal quiet day, and found

• Irregularity is much more extensive than that occurring during a normal quiet day in terms 
of intensity, spatial and temporal extent. 

• This enhancement continues till crest region, but in the hypercrest region, the enhancement 
factor is lesser.

• Storm initiated large irregularities within 1 hour from the instant of the southward turning 
of the Interplanetary Magnetic Field (IMF) Bz. 

• Intense irregularity originates near the crest and shows movement towards both North and 
south

Finally, we conclude severe storm can cause large magnitude of irregularities and hence scintillation 
over extensive areas and time, those otherwise considered to be unaffected over the Indian region. 
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