
To obtain both types of data ( the gridded gps and los files),  go to a madrigal website.
http://cedar.openmadrigal.org
You may have to register your name and institution.
Then - from the main page select  :  Access Data
A list will appear – hit select single experiment to start.

http://cedar.openmadrigal.org/


FOR:   instrument category
distributed ground based satellite receivers

FOR:  choose instruments
world-wide gnss receiver network (1998-2019)

THEN fill in start and stop dates and times





Binned TEC 1 deg by 1 deg
LOS TEC

List of all receiver sites













How to find all Kp’s > 4 in 2021



From Access Data – select geophysical indices

























globalIsprint.py --verbose --url=http://cedar.openmadrigal.org --
parms=YEAR,DAY,KP --output=example.txt --
user_fullname="Anthea+J+Coster" --user_email=ajc@haystack.mit.edu --
user_affiliation=”MIT" --startDate="01/01/1950" --endDate="12/31/2022" --
inst=210 --filter=YEAR,2021,2022 --filter=KP,4, --kindat=30007



To end on a new science result –
data from the Tonga eruption



This looping video shows a series of GOES-17
satellite images that caught an umbrella cloud 
generated by the underwater eruption of the 
Hunga Tonga-Hunga Ha’apai volcano on Jan. 
15, 2022.

Crescent-shaped bow shock waves and 
numerous lighting strikes are also visible. 

Credit: NASA Earth Observatory image by Joshua Stevens using GOES imagery courtesy of NOAA and NESDIS 
words from https://www.jpl.nasa.gov/news/tonga-eruption-sent-ripples-through-earths-ionosphere)

2022 Tonga volcanic eruption induced TID global 
propagation

https://www.jpl.nasa.gov/news/tonga-eruption-sent-ripples-through-earths-ionosphere


New Zealand (Animation) X

Initial waves had huge 
amplitudes and 
wavelengths (~ 2K km!)

Subsequent waves had 
300-500 km wavelengths



Beidou and GPS data coverage for Tonga eruption study  X

Beidou Only GPS Only

Distance-Time plot to show eruption induced global TID propagation



https://www.frontiersin.org/articles/10.3389/fspas.2022.871275/full

Global View: N-S Propagation X

❖ Evident TID 
occurrence was based 
on the distance from 
the epic center; 

❖ TIDs reached  20K km 
distance 17 hrs after 
the eruption;  

❖ Shock fronts travled 
at ~ 350 m/s

❖ Regional disturbances 
lasted for 8-10 hrs



BEIDOU has 5 GEOSTATIONARY satellites and 4 MEO satellites.
The GEO satellites allow for accurate TEC data because of 
stationary ionospheric pierce point with fixed azimuth and 
elevation 



Madrigal Data Base
■ How to get TEC data from Madrigal
■ How to access and filter Kp data

■ The Tonga data shows you how science has been 
enabled

■ Learn more about Madrigal – API’s, what is there
■ http://cedar.openmadrigal.org/docs/name/madCont

ents.html


