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MIT Public Outreach and Lesson Plans

https://www.haystack.mit.edu/haystack-public-outreach/k-12-
lesson-plans/

https://www.haystack.mit.edu/haystack-public-outreach/



Hit “Latest Developments”. Try today!!! 



Astronomy and Astrophysics



Geodesy



Geospace



What is now available through CEDAR Madrigal Web
http://cedar.openmadrigal.org/

http://cedar.openmadrigal.org/


Cedar Madrigal site:  http://cedar.openmadrigal.org

http://cedar.openmadrigal.org/




Madrigal is a distributed
database
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Cedar Madrigal archive
imports all data weekly
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The Madrigal database stores data from a wide variety  
of upper atmosphere research instruments

Incoherent Scatter Radar TEC via GPS MF Radar

Number of instruments in Madrigal:
• Incoherent scatter radars: 22
•MST radars: 3
•MF radars: 16
•Meteor radars: 7
• FPI: 23
•Michelson Interferometers: 6
• Lidars: 4
• Photometers: 4



Madrigal is open-source

7www.openmadriagl.org

Link to Subversion (source code)
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What is the CEDAR database format?







Madrigal Data Model

Data shared  
among all
Madrigal sites

Data unique
to one
Madrigal site

Madrigal site
(typically a facility with scientists and a Madrigal installation)

↓
Instruments

(ground-based, typically with a set location)
↓

Experiments
(typically of limited duration, with a single contact)

↓
Experiment Files

(represents data from one analysis of the experiment)
↓

Records
(measurement over one period of time)



Madrigal Derivation Engine

! Derived parameters appear to be in
file

! Engine determines all parameters  
that can be derived

! Easy to add new derived parameters
using code written in C or Fortran



Classes of derived parameters

! Space, time
• Examples: Local time, shadow height

! Geophysical
• Examples: Kp, Dst, Imf, F10.7

! Magnetic
• Examples: Bmag, Mag conjugate lat and long,

Tsyganenko magnetic equatorial plane intercept
! Models

• Examples: MSIS, IRI
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! Using Madrigal



How can the Madrigal database be
accessed?

User

Web  
interface

Web servicesAPI
•From anywhere on internet
•PythonAPI
•MatlabAPI
•IDLAPI
•Other could be written



New! - The python, Matlab, and IDL API's now all have a globalDownload method, which 
allows you to download any group of Madrigal files with one simple command.
Download remote python Madrigal API - This 2.2.1 release includes a new script, 
globalDownload.py, which allows a user to download any number of Madrigal files in 
either Hdf5 or ascii format. It also supports the new web services released in Madrigal 
2.6. The method getExperiments now has a field realUrl that will give the real experiment 
url to any experiment.
remotePythonAPI-2.2.1.tar.gz (last updated Jul. 30, 2014)
remotePythonAPI-2.2.1.zip (last updated Jul. 30, 2014)
Documentation - Scripts, Tutorial, Reference

http://madrigal.haystack.mit.edu/madrigal/distributionFiles/remotePythonAPI-2.2.1.tar.gz
http://madrigal.haystack.mit.edu/madrigal/distributionFiles/remotePythonAPI-2.2.1.zip
http://madrigal.haystack.mit.edu/madrigal/ug_commandLine.html
http://madrigal.haystack.mit.edu/madrigal/rt_python.html
http://madrigal.haystack.mit.edu/madrigal/madpyDoc/remotePythonAPI/index.html


Standard TEC Data in Madrigal available 
since 2000
1.  Provided in 1 degree by 1 degree bins
2.  Provided every 5 minutes
3.  Vertical TEC data estimates and Errors on these 
estimates
4.  Geographic Lat and Long
5. Only provides data where observations are available.  
Does not attempt to model TEC where data is not 
available.  Uses all GNSS data available.
6. GLONASS TEC has been added observations
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GPS Only GPS and GLONASS



COSMIC-2



Line of Site TEC Data in Madrigal
available now for ~ 5 years

1.  Provided for every receiver
2.  Provided every 20-30 seconds
3.  Satellite and Receiver ID
4.  Geographic Lat and Long of Receiver
5.  Pierce Point:  Altitude, Lat and Long
6.  Azimuth and Elevation to Satellite
7.  Files are LARGE
8.  HDF5 format
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