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Space and Atmospheric Research Group (SPAR)

• Our research deals with the study of space environment and the atmosphere using 
different space-based and ground-based systems. 

• Currently, we focus on the use of global navigation satellite systems (GNSS) (e.g., 
GPS) to estimate ionospheric total electron content and study its response to 
geomagnetic and solar activities and its effects to radio wave propagation.  We also 
estimate tropospheric precipitable water vapor content using GNSS and compare it 
with hydrological and meteorological phenomena.

• Earth observation using space and ground based remote sensing techniques is also 
being done in this group.
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Ionosphere

The Ionosphere

Hargreaves (1992)

TOTAL ELECTRON CONTENT (TEC)
Total number of electrons integrated between two points, along a tube of one 
meter squared cross section

𝑇𝐸𝐶 =   𝑛𝑒 𝑠 𝑑𝑠    UNITS: 1 TEC unit =1016 el/m2

𝑛𝑒 𝑠

GNSS Bands
L1 (1575.42 MHz) 
L2 (1227.60 MHz)
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Total Electron Content

Quezon City, Philippines February 17, 2019
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Ionospheric Plasma Irregularities

• Generates rapid fluctuations of amplitude, phase, polarization, and angle of 
arrival of a radio signal—SCINTILLATION.  This phenomenon can cause a crucial 
disturbance for radio systems using satellites. 

Srinivasu et al (2017)

Linty et al (2019)
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Linty et al (2019)

Olwendo et al (2018)

Ionospheric Plasma Irregularities

• Generates rapid fluctuations of amplitude, phase, polarization, and angle of 
arrival of a radio signal—SCINTILLATION.  This phenomenon can cause a crucial 
disturbance for radio systems using satellites. 
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Scintillation Climatology

Daily 5-minute mean ROTI in (a) 2010 and (b) 2013. 

• Most of the ionospheric plasma irregularities occurred from post-sunset of about 
2000LT (1200 UT) times up until post-midnight 0200LT (1800 UT). 

• Increasing solar activity tends to lengthen the duration of occurrence. 

• Observed mostly during the equinox independent of solar activity.

PIMO
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https://doi.org/10.1109/ICARES60489.2023.10329904
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St. Patrick’s Day Geomagnetic Storm of 2015
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G4 level (severe) Kp 8
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Ionosphere
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No Data



http://physics.mapua.edu.phMAPUAUNIPHYSICS 15
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Global Ionospheric 
Map (IGS)

Extract TEC from identified 
ionospheric pierce points

(12 stations)
Reconstructed IGS 
Map using Kriging 

Interpolation

https://doi.org/10.3390/atmos13101626
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Global Ionospheric 
Map (IGS)

Reconstructed Ionospheric Map 
using actual TEC measurements
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Single 
Station 

Only

Multiple Station = Mapping
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Single 
Station 

Only

Multiple Station = Mapping
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Plasma Depletion
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Single 
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Only

Multiple Station = Mapping
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Plasma Depletion

Equatorial Plasma 
Bubbles
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Single 
Station 

Only

Multiple Station = Mapping
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Plasma Depletion

Equatorial Plasma 
Bubbles

Plasma Depletion
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Summary

• St. Patrick Geomagnetic Storm is a G4 (severe) geomagnetic storm
• March 17, 2015, | Onset ~ 14:00 UT (~10:00 Phil Standard Time) | Duration: ~ 18 hours
• Cause:  Coronal Mass Ejection ~2:00 UTC on March 15, 2015

• Impact over the Philippines
• Ionospheric Density Depletion ~33 TECU @ PBAS = Observed across the Philippines.
• The delay in TEC response in the Philippine-Taiwanese sector was caused by the 

local time and the arrival time of CME.
• The depletion of TEC in the Philippine-Taiwanese region was 

caused by high amounts of neutral particle density in the 
equatorial region.

• Plasma bubbles is observed before the storm = Typical 
occurrence during equinoctial months. = Ionospheric Scintillation

• Scintillation is suppressed due to lack of background plasma in 
order for plasma bubbles to form → reduced pre-reversal 
enhancement electric field creating conditions unfavorable for 
ionospheric irregularities
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