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Understanding the System poses many Questions 



coupling and feedback 

How do ionospheric outflows impact magnetosphere-ionosphere 
system dynamics? [Lotko et al., 2007] 
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Employ Instruments in Unison 





EISCAT_3D will give accurate, large-scale, three dimensional measurements 
of the ionosphere and atmosphere for the first time 

EISCAT_3D will give unprecedented temporal and spatial information about 
the plasma environment – essential to understanding crucial and societally 

relevant problems in the geospace environment, in space weather, and in the 
global energy budget and related climate change  





  Radar Using Intercepted Signals as the 
Transmitter Source 

  Coherent Scatter from Ionospheric Irregularities 
and Meteors 

  Dynamic Range From Multistatic Architectures 
  Precise Synchronization Using GPS Signals 
  Transmitter and Scattered Signal Coherent 

Digitization 
  Wide Area Network Transport of Raw RF Data 
  Numerically Intensive Data Processing 







(Courtesy: J. Makela) 
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Off-the-Grid Deployment 





System Science is an approach to understanding the 
natural and physical world that recognizes how various 
phenomena are interconnected. 

For the first time, scientists have easy access to massive 
amounts of  information by which to study the 
interconnectedness of  diverse phenomena. 

The system itself  is a frontier – we must identify and 
understand its characteristics and components. 



EISCAT, Tromsø, Norway 
1981, 1985 

Sondrestrom, Greenland 
(Chatanika, Alaska 1971) 

AMISR, Poker Flat, Alaska 
2007 

EISCAT, Svalbard 
1996 
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Jicamarca Radio Observatory, near Lima, Peru 
18,432 dipoles,  50 MHz, 1961 



System Science Requires 
Global Coordinated Observations 

The latitude and altitude regions of  the upper atmosphere are coupled in 
complex ways and behave as a dynamic system. 

Meso-scale (1000-km) features associated with the redistribution of  thermal plasma from 
the low-latitude ionosphere to the auroral and polar regions and its outflow and 
acceleration into the magnetosphere provide a striking example of  coupled-system 
interactions. Solar disturbances driving prompt penetration electric fields impact the state of 
the ionosphere from the poles to the equator, intermingling the effects of  neutral-ion 
coupling with magnetosphere dynamics over the planet-wide upper atmosphere on short 
(10-min) time scales.  

Such complex behavior requires distributed system-wide observations to 
address the processes involved in both regional and larger-scale effects. 
Individual observing techniques and facilities (e.g. the SuperDARN radars 
or the ISRs) provide only a portion of  the needed coverage. Coordinated 
observations among instrument types and with good spatial distribution 
are needed to view, diagnose, and understand the overall global system.  



DASI: A Framework 
for Community 
Collaborative Research 







Ground-Based Instrumentation in 
 North America 

DMI

MAGIC

IMAGE
SAMNET

MACCS

AGI
Athabasca U.

THEMIS EPO
THEMIS GBO
McMac
IGPP-LANL

MEASURE
NRCan
U. AlbertaEric Donovan

THEMIS Ground-Based

UC Berkeley 
U Calgary 
U Saskatchewan 
EISCAT 
U Tromso 
FMI 
DMI 
SRI 
Astronomy North 
Lancaster U 



Arecibo, Puerto Pico Millstone Hill, Mass. 



Millstone Hill ISR Mid-Laitude Field of  View 



Direct Observation of Velocity 
and Flux by Millstone Hill ISR 

Ground-Based GPS Maps 
TEC Plume 

[Foster et al., GRL 2002] 





Mid-Latitude SuperDARN 
Global-Scale Ionospheric Electrodynamics and Processes 

FHSU – 2009 
Hays, KS 

OSU – 2010 
Corvallis, OR 

2011 
Aleutian 
Islands, AK 

   2012 
Azore Islands, 
Portugal 





Our next-generation instruments will evolve from our current 
capabilities, taking advantage of  technological developments 
to improve their sensitivity, capability, and operational 
efficiency. 

The breakthrough will come in our ability combine the output 
of  the available instruments in ways which address the 
processes and characteristics of  the Geospace System taken as 
a whole. 




