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Positive Phase Storm Studies
Millstone Hill ISR, Ne

Sep 8, 2005 Sep 10, 2005

•Daytime positive phase lasting for ~13 hours

•Background increase after the sunrise; main increase after 17 UT

•Maximum Ne at 19-20 UT

•Increase in hmF2 by ~100 km

•Decrease in Te by up to ~1000K, enhancement in Ti by 50-200K



Arecibo Ne
Sep 8, 2005 Sep 10, 2005

Positive storm phase after ~15 UT

Maximum Ne at 21-22 UT, i.e. 1.5-2 hours later than at Millstone Hill

Uplift of the F-layer



Positive phase mechanisms

• Increase in oxygen density (Burns et al, 
1991, 1995)

• Equatorward meridional wind (Jones and 
Rishbeth, 1971)

• Electric field (Lanzerotti et al., 1975, 
Huang et al., 2005, Swisdak et al., 2006)

• Downward protonospheric plasma fluxes



Millstone Hill ISR: Ne, Te, Ti, Vi at 17 UT
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Arecibo ISR Ne, Te, Ti, Vi at 19 UT
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Virtual ISR:  ISRIM
incoherent scatter radar ionospheric model

• ISRIM local 
climatology

• ISRIM regional 
climatology

• ISRIM local 
variability

• ISRIM convection

htttp://madrigal.haystack.mit.edu/models/



Ionospheric climatology 
derived from long-term and 
multiple ISR data. Midday 
Nel is shown to demonstrate 
the development of annual 
and semiannual ionospheric 
changes with latitude.

High latitude convection 
pattern derived from Millstone 
Hill and Sondrestrom ISR 
long-term observations.



UHF Coherent Backscatter: Microscale SAPS/SAID Physics

Farley-Buneman two stream irregularity scatter from E region

Up to 90 dB power return over incoherent scatter

UHF = kinetic regime: scatter maps driving electric field

[Foster and Erickson, 2000]
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Millstone ISR and GPS TEC 
Observations



A robust, World Wide Web based system 
capable of managing and serving archival and 
real-time data, in a variety of formats, from a 
wide range of ground-based instruments.

It is installed at a number of sites around the 
world. Each site controls their own Madrigal 
installation, and can add or upgrade their data 
from their instrument(s) on their site at any time.  

MADRIGAL



http://madrigal.haystack.mit.edu/madrigal/



































Matlab Scripts

Three different matlab scripts will be 
available which
1)  GetMadExpList1.m  - This script finds experiments within 

specified dates and selects only default or realtime files within 
each experiments. 
2)  getGPSdata.m - Gets  GPS TEC data from Madrigal
3)  isrtec.m - downloads ISR data from an madrigal site 

(see siteURL)  from the specified madrigal file (see madFile). 
It then calculates integrated electron content for each profile
along the radar's line-of-sight.





ISR World Days – Long Runs

January, 1993 – 10 days
October, 2002 – 30 days
September, 2005 – 30 
days
March-April, 2006 – 30 
days

Modern ISRs such as 
ESR, AMISR and ZIP 
will be able to operate 
for even longer periods, 

t ti ll 24/7
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