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The Systems Perspective 

CEDAR: The New Dimension 
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CEDAR:	  “…	  understand	  the	  processes	  that	  govern	  the	  coupling,	  
energe;cs,	  and	  dynamics	  of	  the	  upper	  atmosphere,	  and	  its	  linkages	  with	  
the	  lower	  atmosphere,	  space,	  and	  the	  universe	  beyond…”	  
	  

GEM:	  “…	  understand,	  explain	  and	  ul;mately	  predict	  geospace	  system	  
dynamics…”	  
	  

SHINE:	  “…	  understanding	  of	  the	  processes	  by	  which	  energy	  in	  the	  form	  
of	  B-‐fields	  and	  par;cles	  are	  produced	  by	  the	  Sun	  and/or	  accelerated	  in	  
interplanetary	  space	  and	  on	  the	  mechanisms	  by	  which	  [they]	  are	  
transported	  to	  the	  Earth...”	  	  
NASA	  2009	  Roadmap:	  “…	  understand	  the	  Sun	  and	  its	  Effects	  on	  Earth	  …”	  
	  

CGSM:	  “…	  understand	  the	  transport	  of	  mass	  and	  energy	  across	  mul;ple	  
scales	  throughout	  the	  en;re	  solar	  system…”	  (2003);	  “To	  observe	  and	  
understand	  geospace	  as	  a	  system.”	  (2012)	  
	  

GEMSIS:	  “…	  understanding	  energy	  and	  mass	  transport	  from	  the	  Sun	  to	  
the	  Earth	  in	  the	  geospace	  environment.”	  
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System-level? 
● 
Geotail 
Cluster 
THEMIS 
ePOP 
RBSP & ERG 
MMS 
GOES 
LANL 

Solar Orbiter 
Stereo 
SOHO 

Sentinel 
Picard 

Hinode 
● 

Solar Probe 
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Solar Radiation 
 

Energetic Particles 
 

Solar Wind 

Plasmasphere 
Thermosphere 
Mesosphere 
Ionosphere 
Atmosphere 
Ring Current 
Plasma Sheet 
Radiation Belt 

Auroral acceleration 
WP Interactions 
Reconnection 
BBF 
CD Instability 
Injection 
MHD Waves 
Gravity Waves 
Joule Heating 
Sudden Impulse 

● 
● 

● 
● 
● 

THEMIS 
MMS 

Cluster 

THEMIS/MMS 
RBSPs/ERG 

Cluster 
GOES & LANL 

Ground-Based and Space-
Based multi-scale 

observations 
 

CGSM, AMISR, THEMIS-
GBO, Swarm, RBSPs, etc, etc 

Wind 
ACE 

Radiometers 
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Low Energy 

ULF Waves 
Reconnection 

Inductive E-Field 

Hi Energy 

CPS 

BBFs 
Inductive E-Field 

Ring Current 

Large-Scale 

Plasma Waves 
Emergent Processes 

Reconnection 

Small-Scale 
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Use	  ionospheric	  observa;ons	  as	  a	  way	  of	  
remote	   sensing	   geospace	   as	   a	   whole,	  
and	  also	  as	  a	  way	  of	  studying	  the	  ITM	  “at	  
the	  system	  level”.	  
	  
This	   approach	   capitalizes	   on	   synergy	  
with	   space	   science	   satellites	   further	  out	  
in	  space.	  The	  ionospheric	  remote	  sensing	  
observa;ons	  are	  much	  more	  than	  simply	  
“context”	  for	  in	  situ	  observa;ons.	  	  

Courtesy: Toshi Nishimura 
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Polar	  UVI,	  IMAGE	  WIC,	  etc	  
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Polar	  UVI,	  IMAGE	  WIC,	  etc	  

THEMIS-‐ASI*	  
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To address important outstanding “mission level” questions in geospace 
science, we need to recognize that there is an imbalance at the highest (e.g. 
programmatic) level in the way we approach our research.	

	

 

We spend billions of dollars on experiments that measure plasma properties at a 
few (well chosen) points (MMS, ISRs). 
 

We spend hundreds of millions of dollars on experiments that provide a global 
view (UV, ENA, SuperDARN, SuperMAG) and there are none right now or for 
the foreseeable future. 
 

We spend millions of dollars (THEMIS-ASI, CGSM, MIRACLE, etc) on 
observations that bridge the gap between small scales and global scales. 
 

We need to (1) spend hundreds of millions of dollars for global imaging from 
space and (2) spend hundreds of millions of dollars to bridge the gap in scales 
between small and global. 

Making Connections Across Scales in Geospace 
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Add instruments to achieve comprehensive observations of precipitation, waves, 
convection, and B (current) across this target region with large enough coverage to 
e.g. bracket streamers and their consequences or to place the beginning of DEI in the 
context of other mesoscale processes (beads, streamers, pulsations, “wedgelets”, etc..) 
 

 

1 Hz Imaging riometers (6 app. + 4 prop.)  THEMIS ASIs 
Meridian Imaging Spectrographs (10 second)  StormDARN 
30 Hz/ 10 Hz white-light/greenline ASIs   Redline ASIs

       Induction Coils 
     VLF Receivers 
     Fluxgates 
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One	  could	  envision	  
other	  ISR-‐Nets	  such	  
as	  equatorial,	  Africa,	  
etc….	  
	  
This	  ISR-‐Net	  couples	  
strongly	  to	  exis;ng	  
instrumenta;on,	  
NASA,	  CSA,	  JAXA	  
etc.	  missions	  and	  
the	  space	  weather	  
interests	  of	  Canada	  
and	  the	  US.	  
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Enables	  all	  of:	  
	  

	  	  	  Complexity	  
	  

	  	  	  Cross-‐Scale	  Coupling	  
	  

	  	  	  Driving	  From	  Below	  
	  

	  	  	  Driving	  From	  Above	  
	  
Requires	  development	  
of	  Sensor	  Web,	  Stream	  
Compu;ng,	  	  and	  Data	  
Mining	  technologies.	  
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Specify	  some	  high-‐level	  
science	  objec;ves	  
	  
Determine	  the	  extent	  
and	  loca;on	  to	  be	  
“imaged”	  
	  
Iden;fy	  the	  
parameters,	  
resolu;ons,	  cadence,	  
dura;on	  etc	  necessary	  
to	  enable	  science	  
closure	  
	  



Skynet 

Eric Donovan   August 3, 2012 
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Reconnection 
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Mesoscale Imaging 
Requirement Parameters 

Duration 

Coverage 

Cadence 

Spatial 
Resolution 

Waves 
- Gravity, Alfven, 

VLF, etc. - 

Auroral & Poynting 
Input 

Energy Resolution/ 
Temperature 

Composition & 
Ionization 

E, B, σ, & J 

Transport  
- Vertical &  
Horizontal -  
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Be bold – imagine that we can do this if we develop the right vision (the right 
“mission level” questions), establish the right partnerships, and innovate 
technologically.	

	

 

At $350M, this ground-based geospace project would be similar to the 
Canadian-led Ocean Tracking Network ($350M), the NSF MREFC funded 
Ocean Observing Initiative (>$200M), and would enable profound steps 
forward scientifically.  
 
Done right, the science and applied payoff would exceed that of a typical 
NASA Explorer class mission. 

A “Mission-Level” Ground-Based Geospace Initiative 


