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Geospace Environmental Modeling

Snippets of relevant precursors

1958: Discovery of radiation belts: Professor James Van Allen, University of lowa

~1977: Creation within NASA of Solar-Terrestrial Division by Noel Hinners, Assoc. Adm. Science Directorate
Now the Heliophysics Division

1978: NASA-sponsored National Academies study Space Plasma Physics
Chair: Stirling Colgate
Charlie Kennel, Gene Parker, Randy Jokipii, Louis Lanzerotti
Mal Ruderman, Harold Furth, David Pines, Marshall Rosenbluth
Three volume book Space Plasma Physics edited by Kennel, Lanzerotti, Parker

1979-beyond: Beginning of a NASA solar-terrestrial theory program
Growth in NASA and NSF of solar-terrestrial research

1986: September; meeting with NSF Director and Assistant Director for Geosciences
Evolution into GEM
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Geospace Environmental Modeling

Background:

(Eos, 69, #33, August 16, 1988)
1986, September: meeting with NSF Director and Assistant Director for Geosciences
Director: Eric Bloch, IBM (ret), computer hardware pioneer;
Assistant Director Geosciences: William Merrell, Texas A&M, oceanography
Juan Roederer, Director Geophysical Institute, U. Alaska
Tom Krimigis, JHUAPL; Louis Lanzerotti, Bell Labs; George Reid, NOAA
(academia, industry, government)

Messages Conveyed:

“The medium in which Earth-orbing systems operate is hostile”
“The need to predict ‘weather and climate’ in geospace is becoming as important
as the need to predict weather and climate in the inhospitable regions on
Earth into which industrial activity has moved during the last decades”
“By its very nature, STR is firmly rooted in astrophysics at the ‘upper end,’
in atmospheric physics and chemistry at the ‘lower end,’ and in space
[plasma] physics in between.”
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GEM:

Geospace Environmental Modeling

Proposed: aspects of solar-terrestrial research relevant to total Earth system be incorporated as integral
components of the Geosciences Program

Merrell encouraged an initiative. Proposal submitted to Division of Atmospheric Sciences for support for
the organization of a consultative process to develop a consensus for the formulation of a program of
solar-terrestrial research: a Workshop
Proposal funded by the existent Solar-Terrestrial Program of the Atmospheric Sciences Division

Pl: Juan Roederer

Workshop in Seattle: 6-8 August 1987; 45 participants
Two subsequent meetings included Segment Coordinators:
George Siscoe (UCLA), Maja Ashour-Abdalla (UCLA), Syun Akasofu (Alaska), Don Williams (JHUAPL)

Report: GEM: Geospace Environment Modeling — A Program for Solar-Terrestrial Research in Global
Geosciences

First Workshop 1988 AGU Fall Meeting: Maha Ashour-Abdala organizer
Magnetopause and boundary layer physics and ionospheric signatures of cusp processes
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Geospace Environmental Modeling

From the GEM Report
GEM should not burden the traditional grant funding mode
GEM should build upon and compliment studies carried out in the traditional mode
GEM should not compete with simultaneously planned NSF CEDAR initiative
and the Solar Max (MAX91) program
GEM should be carefully coordinated with national and international programs,
such as satellite programs with NASA/ESA/ISAS

Eos, Vol. 69, No. 33, August 16, 1988

Eos, Vol. 69, No. 33, August 16, 1988

TABLE 1. Funding Requirements for GEM
1990 1991 1992 1993 1994 1995

Theory and model development 700 1750 2700 2500 3050 2800
; Observations and measurements 1000 1900 2000 2870 2770 2620
e Data analysis and information systems 400 600 800 1350 1400 2250
: Geospace  Tiiiminuimtuaiy TOTAL 2100 4250 5500 6720 7220 7670
Envi S
h;o‘:ll:;);? R fﬁg"’%"“_;‘;‘r: Amounts are in thousands of dollars.

PAGES 786-787

The rest is history-------------------Best wishes for GEM 2021!!



Fig. 2. The time phasing of the proposed GEM projects
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GEM is launched as an NSF-sponsored program (1991)

$300k/yr — S500k/yr | 2021S equivalent = $600k/yr —

S1M/yr
GEM PROGRAM as implemented | revised
Year ‘91179293 |94 |95 |96 |97 | ‘98 [ '99 | ‘00 | ‘O1 [ ‘02 | ‘03 | ‘04 | ‘O5 | ‘06 | 2007 2013
~ Global Davsid
g Boundary Layer nteractions |, ayside
< <C
v = Tail/Substorm Tail/Substorm - cont'd L Tail
O § ;
< g Inner Magnetosphere & Storms U IM/S
E oc
> <
S % Magnetosphere-lonosphere Coupling 7 MIC
w Ll
o ettt oc
k= “Geospace General Circulation Model” Synthesis — MHD “spine” GGCM

1991 Plan: 4 five-year overlapping campaigns sequenced every 2 years | GGCM synthesis in
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Areas and Space Missions

Virtual GEM, 2021, 30th anniversary, 26" of July Prof. Katariina Nykyri



Background

The Geospace Environment Modeling Program was initiated in 1991 as an NSF targeted
research program of the Geosciences Directorate with the goal to develop a community
Geospace General Circulation Model (GGCM).

Vision: Accurate prediction of the geospace environment. o _
Mission: Develop physical understanding of the large-scale organization and dynamics of the
geospace environment from observations, theory and increasingly realistic models.

Mode of operation: week-long summer meetings and 1-day mini-GEM before Fall AGU

O Campaigns (1991-2003) 3 Challenges
» Boundary Layers (1991-1996) » GEM Reconnection Challenge (2000-2001)
» Inner Magnetosphere and Storms (1996-2001) » GEM Dayside Kinetics Challenge (2017-2020)
» Tail and Substorms (1994-1997; 1998-2003) > ULF Modeling Challenge (2016-2021)

> lonosphere-Magnetosphere Coupling (1998-2003) 3 3p lonospheric Electrodynamics (2018-)

Conductance Challenge
L Focus Groups under 5 Research Areas (2003-present): > Mid-Tail Modeling (2017-)

» Solar Wind - Magnetosphere Interaction (SWMI) » lonospheric Outflow (2019-)
» Magnetotail and Plasma Sheet (MPS)

» Inner MAGnetosphere (IMAG)

» Magnetosphere — lonosphere Coupling (MIC)
» Global Systems Modeling (GSM)
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Example keyword search parameters for GEM research areas
divided per processes/consequences | ‘ 3 «-.a
f = 4

e AL

processes: waves, instabilities, discontinuities, shocks, tearing mode instability, reconnection, Flux
Transfer Events, mirror mode instability, Kelvin-Helmholtz instability, diffusion, radial diffusion,
particle injection, microinjection, plasma waves: kinetic Alfvén, ion cyclotron, lower hybrid, whistler,
electron cyclotron, upper hybrid, ion acoustic, Langmuir, collisions, ion Bernstein, electron Bernstein,
wave-particle interactions, turbulence, pressure pulses

consequences: charge separation, plasma transport, flux transport, momentum transport, energy
transport, plasma heating, particle acceleration, particle drifts, currents, proton acceleration, ion
acceleration, electron acceleration, particles loss, flux ropes, magnetic islands, vortices, turbulence,
substorm, storm, convection, aurora, resistivity, conductivity, resonance, outflow, polar wind,
shielding, penetration electric field, ambipolar electric field, parallel electric field, Dungey cycle, field-
aligned current, bursty bulk flows, dipolarizations, magnetosheath jets, SLAMS, hot flow anomalies,
foreshock cavities, foreshock cavitons, diamagnetic cavities, magnetic holes, time domain structures,
inverted V, auroral acceleration.........



GEM Campaign based search

 Campaigns (1991-2003)
»Boundary Layers (1991-1996)
» Inner Magnetosphere and
Storms (1996-2001)
»Tail and Substorms (1994-
1997; 1998-2003)
»lonosphere-Magnetosphere
Coupling (1998-2003)



Boundary Layers search using ADS:

abs:"boundary layers" OR "Boundary Layer" AND ( "magnetospheric") year:1958-
2021

M refereed M non refereed

h temperature condition
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Boundary Layers search using ADS:

abs:"boundary layers" OR "Boundary Layer" AND ( "magnetospheric") year:1958-
2021

M refereed M non refereed

15k 95,016 results I|

Earth’s
e | ow-Latittde
BounaaryLayer

Campaign 91-96

* Geotail launch, 1992

* Polar Launch, 1996

* Cluster | Failure, 1996

e LLBL Chapman
Conference in New Orleans,
2000

* Cluster Il launch, 2000

Potrick T. Newell and Terry Onsoger, Editors




Magnetosphere and Storms search using ADS:
abs:”magnetosphere” AND “storms" year:1958-2021

THEMIS+ Van Allen Probes

M refereed M non refereed

Cluste

GEM
3k Campaign on
IMAG and storms
2k
16,934 results
1k I
- III

, 7=
effect current <" show

time Magnetic stydy datum
high result  geomagnetic

magnetospheric ©®" ™ find occur
large earth magnetosphere

base : reqgion wind condition
pasma *35088L8 *Isysiem STOMT

compare change use Observation

substorm field present
different SUGGeSt 1= = investigate

dynamic measurement



Tail and Substorm search using ADS:
abs:"magnetotail" OR "substorm" AND “magnetosphere” year:1958-2021

Geotail Launch,

Tail and Substrom Campaigns, 1994-2003
Cluster, 2000-present

THEMIS, 2007-present

MMS, 2015-prewnt

IDSTOrM jnteraction
region compare however model

dynamic use investigate suggest
effect stormm ag netIC energy magnetotail

mag netosphere include condition

~ ¢ current result range
gegmagnet'c field systemgt ., datum
obserVe high large time pase Y plasma

solar process Qbservatiqnfind space
occurmagnetospheric earth
spacecraft present different

M refereed M non refereed
5k

23,760 results



M-I coupling search using ADS:
abs:"M-I coupling” OR "magnetosphere-ionosphere" year:1958-2021

THEMIS
M refereed M non refereed

GEM Cluster

1.5k . e :
Campaign on bser ole important \)
M-I coupling? _ magnetosp;henc snerqy analysis *f
Polar I0NOS ere .use plasma different
1k 8,785 results p time earth lonospheric

. magnetic  pbservation understand
include

structure

current mag_netosphere

showhpars]e dynamic Study condition
recent Nig provide system investigate
even’fl_ result _ present datum Process
COUR'?Q region field lobal effect
¥ ving space find 9P solar
model



Citations to GEM Challenge paper: “Geospace
Environment Modeling (GEM) Magnetic Reeconnection
Challenge”
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Keyword search parameters for GEM research areas divided ) g

per regions :
| A -

* Solar Wind - Magnetosphere Interaction (SWMI, previously known as Dayside):

regions: foreshock, bow shock, magnetosheath, magnetopause, cusp, flank
magnetopause

* Magnetotail and Plasma Sheet (MPS, previously known as Tail)

regions: plasma sheet, tail lobe, flank magnetopause, magnetotail

* Inner MAGnetosphere (IMAG, previously known as IMS)

regions: ring current, radiation belts, plasmasphere

* Magnetosphere — lonosphere Coupling (MIC)

regions: ionosphere, plasma-sheet boundary layer, plasma sheet, polar cap, cusp
* Global Systems Modeling (GSM)



SWMI region-based search using ADS:

abs:("bow shock" OR foreshock OR magnetosheath OR magnetopause OR cusp OR
"flank magnetopause" or "magnetospheric flank") AND "Earth")) AND year:1958-
2021)

M refereed M non refereed L
interplanetary pacecrart

. : est
different provide 99

region

spacecr:
large o
use base " present

3k 16,450 results

analysis investigate model
mass understand study observe higr
processfind rth
observation occur €d
range magnetic low
condition wind system
particle ShOCk measurement
fieldtime solar olasma
resultcompare  ghow
dynamic

Concept cloud with equal weight on uniqueness and frequency



Tail region-based search using ADS:

abs:"plasma sheet" OR "tail lobe" OR "tail lobes" or "flank magnetopause" or
"magnetotail" AND "Earth" year:1958-2021

M refereed M non refereed
2.5k
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Inner Mag region-based search using ADS:

abs:"ring current”" OR "plasmasphere" OR "plasmapause"” OR "radiation belts" AND
"Earth" year:1958-2021

M refereed M non refereed

Cluster, THEMIS, Van Allen Probes, MMS...

3k 16, 745 results

range
o include
distribution observe

provide satellite

suggest allen present compare
magnetosphere earth measurer%ent
analysis time base globalprocess

t local reSUI v investigate region
artlcle field 3. UMbelt YS€ condition

cecthigh 0O tudy observatlon
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energetic dynamic model geomagnetlc

activity radiation plasma
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Conclusions

 Amount of GEM supported students has not increased at
the rate proportional to overall participation.

* |In citation search to GEM research area keywords it is not
easy to pinpoint solely the GEM impact from mission impact
and general increase of citations through time. However,
the imﬁact is clear when looking citations related to specific
GEM challenges (e.g., GEM reconnection challenge) and

campaigns.

=> GEM is an important forum for discussing geospace
science, identifying open questions in the field and leading
research direction (and missions) of the magnetospheric
community.



Does GEM have a
unifying vision in its
current configuration:
how do we move
forward?



