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Hunga Tonga-Hunga Ha’apai Volcano eruption 

• January 15, 2022, at 04:15 UT 
• a submarine volcano located in 

the Southwest Pacific (20.545° S 
175.393° W)

• lies about 100 km (62 mi) above a 
very active seismic zone and 
rises around 2,000 m from the 
seafloor– roughly 150 m below 
sea level and 4 km at its widest 
extent

• Volcanic explosivity index (VEI) 5
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https://eos.org/research-spotlights/tonga-eruption-made-waves-in-earths-ionosphere?fbclid=IwAR1Vdo0GXamp1nzrL7yFR7w9IJREKj4xTNzlm762pS0fKtu4L1_Dj70iDpU
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Traveling Ionospheric Disturbances (TIDs)
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https://earth-planets-space.springeropen.com/articles/10.1186/s40623-022-01619-0

• plasma density fluctuations that 
move as waves through the 
ionosphere 

• Associated with auroral and 
geomagnetic activity.

• TIDs affect the performance of 
high-accuracy navigation 
systems and can cause 
problems in high precision 
differential Global Position 
System (GPS) applications
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Total Electron Content (TEC)

• GNSS receivers use total electron
content (TEC) to calculate the
number of electrons along the line-
of-sight (LOS).

• Are strongly affected by solar
activity.
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1 TEC Unit (TECU) = 1016 electrons/m²

𝑉𝑒𝑟𝑡𝑖𝑐𝑎𝑙 𝑇𝐸𝐶 = 𝑆𝑙𝑎𝑛𝑡 𝑇𝐸𝐶 (cos 𝜃)
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GNSS-TEC Technique

• Easier to detect ionospheric 
responses.

• Receiver-independent exchange 
(RINEX) raw data with 30-
seconds

• PIMO station located in central 
Manila (14.5982° N 120.9727° E) 
and station CKSV from the 
Taiwan region

(22.999° N 120.220° E) 
• Individual receiver-satellite TEC 

data 
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Time series of the relative Vertical TEC for all GPS satellites observed at PIMO 
(Philippines) and CKSV (Taiwan) on (a) 10 January 2022, a nominal day, and (b) 15 
January 2022, a disturbed day.
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Time series of Vertical TEC difference at PIMO (Philippines) and 
CKSV observed in PRN 07 and PRN 21, respectively.
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Differential TEC at IPPs between receivers, PIMO and CKSV, and 
(a) PRN 7 and (b) PRN 21 on January 15, 2022. 

Detected @ 7,415 km, 
~39,570 seconds from Tonga  

Detected @ 7,902 km, 
~40,230 seconds from Tonga  

Detected @ 7,678 km, 
~43,230 seconds from Tonga  

Detected @ 7,004 km, 
~37,980 seconds from Tonga  
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Average Speed

the computation of the average speed of PRN 07. Using the 
general speed formula s = distance/time (km/s). The average 
speed calculated is ~0.3km/s
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Time (s) Latitude Longitude Distance 
(km) 
(from 
Tonga)

Average 
(km/s)

PIMO 39570 16.44416 118.7839 7415 0.305

CKSV 40230 23.5533 118.0914 7902 0.317
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Average Speed
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Time (s) Latitude Longitude Distance 
(km) 
(from 
Tonga)

Average 
(km/s)

PIMO 37980 14.59846 122.1065 7004 0.309

CKSV 43230 25.4476 122.2616 7678 0.273
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Conclusion
• It was observed that the event triggered TIDs and has a 

consistent average speed of ~0.3km/s.
• TIDs with wavefronts traveling northwest that confirm 

that the atmospheric waves produced by the eruption 
are the same as previous studies.
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Recommendation
• Additional work is needed to quantify the magnitude 

of the threat’s likelihood of occurrence.
• Combining modelling with additional measurements 

like radio occultation could also improve the 
performance of the existing ionospheric anomaly 
monitoring.

• Maximizing the use of all GPS observation data from 
dense and widely distributed stations would help to 
better understand the regional behavior of the 
disturbance. 
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