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GDC is a 2013 Decadal Survey-recommended Strategic Mission being 
developed for the Living With a Star program in the NASA Heliophysics
Division.

The nominal mission is a low-earth orbit constellation of six satellites (350-
400 km, high inclination ~82 deg) that will provide a comprehensive study of 
the upper atmosphere and its responses to forcing from the magnetosphere

What is the Geospace Dynamics Constellation (GDC)?



Swarm 10 Year Anniversary & Science Conference 2024, 08 – 12 April 2024, CPH Conference, Copenhagen, Denmark

What is the Geospace Dynamics Constellation (GDC)?

STDT Report

Goal 1: Investigate the high-latitude 
response to magnetospheric forcing

Goal 2: Investigate the Internal 
processes that globally redistribute 
mass, momentum, and energy
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• 6 polar-orbiting satellites at ~375 km

• 6 science instrument teams

• 3 interdisciplinary science teams

• 1 space weather radiation environment 
sensor

• 1 space weather real-time downlink

• 2 GNSS / Precise Orbit Determination 
antennas for TEC and POD solutions 
(Poster #57)

How will GDC meet its Objectives?
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How will GDC Meet its Objectives?

Electron temp. and density

Small-scale irregularities, waves

Density, temperature, chemical composition, and 

3-D bulk motion of ionized and neutral gas
Energy/pitch angle distributions of electrons 

up to 30 keV (ions up to 40 keV)

jpl.nasa.gov

Remote sensing measurements of ionospheric electron content  

7/12/23 3

Our role: 

• Science investigation: contribute towards understanding fundamental processes driving 

the upper Earth’s atmosphere “from above”

• Bring improvement in space weather forecasting  (near-real time data products)

• Better understanding of satellite drag (GNSS accelerometry)
• Collaboration across instrument teams, support/contributions to other science 

investigations  

Remote sensing of TEC (vertical and occultation)

HmF2, NmF2, scintillation

vertical TEC, Ne(z)

Thermal ion drift perpendicular and 

parallel to magnetic field

Thermal ion density

Thermal ion temperature

THE GEOSPACE DYNAMICS CONSTELLATION (GDC) MISSION: 
NASA'S  Next Living With a Star Mission To Explore the Ionosphere / Thermosphere 
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ABSTRACT

NASA's Geospace D ynamics 

Const el lat ion (GDC) is the next 

Living With a Star strategic mission, 

designed to revolutionize our 

understanding of Ear t h's upper  

at mosphere and its response to solar 

and solar wind energy inputs.

Consist ing of six ident ical 

spacecr af t  in polar low earth orbits, 

GDC will make the fi r st  syst emat ic 

mult ipoint  st udies that can 

characterize how energy flows through 

and transforms this part of near-Earth 

space. With a launch expect ed ear ly 

next  decade, GDC will provide crit ical 

new scientific and space weather 

observations, and serve as a st r ategic 

hub for other efforts to understand 

Geospace.

For more information, see the GDC 

webpage: https://gdc.smce.nasa.gov

This work is supported by Geospace Dynamics Conste! ation, NASA's next major Living With a Star mission.
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GDC STATUS

• Obj. 1.1: Determine how high-latitude plasma convection and auroral 

precipitation dr ive t her mospher ic neut r al winds.

• Obj 1.2: Determine how localized, coherent plasma densi t y 

feat ures ar ise and evolve.

• Obj 1.3: Determine how neutral winds, auroral precipitation, and 

collisional heating dr ive high-lat i t ude neut r al densi t y 

st r uct ures.

• Obj. 2.1: Determine the relative importance of penet r at ion 

elect r ic fi elds and dist ur bance winds in driving plasma densi t y 

var iat ions at  mid- and low-lat i t udes during geomagnetically 

active condit ions.

• Obj 2.2: Determine the processes that create and dissipat e 

propagat ing st r uct ures wi t hin t he ionosphere and 

t her mosphere during geomagnetically active and quiet condit ions.

• Obj 2.3: Determine the connections between winds and neut r al 

densi t y / composi t ion var i at ions at  mid- and low-lat i t udes 

during geomagnetically active and quiet condit ions.

• Obj 2.4: Determine how hemispher ic asymmet r ies in the Earth's 

magnetic field, seasonal variations, and magnetospheric input affect 

the ionosphere-thermosphere system.

SCIENCE OBJECTIVES

GD C ephemer is can 

be downloaded f rom: 

ht t ps://ccmc.gsfc.nasa.gov/

mission-planning/GD C/

ORBITS

• NASA HQ selected 3 I nterdiscipl inar y Science teams and 3 science invest igat ions.

• NASA HQ has selected five instruments through competit ive AO.

• HQ has directed the inclusion of a GN SS-RO instrument from JPL

• In October 2022, the GDC I ndependent Review Board a$ r med t he impor t ance of  GD C for science 

and space weather goals.

• GDC is working to int egr ate t he select ed invest igat ions into the mission science traceability, for 

init ial M ission Systems Requirements Review, nominally in 2024

• GDC is planned for launch in t he ear l y 2030s.

• GDC's mission dur at ion is t hr ee years, and GDC will carry expendables for 2 more years.

GDC IS A COMMUNITY MISSION

• GDC will launch onto a single launch vehicle and then the 

spacecraft will be moved to six or bi t  planes with slightly 

different inclinations, so that they slowly dr i f t  apar t  t o 

scan t he relevant  scales over  t he pr ime mission.

• GDC's orbits are 350-400 km ci r cular, 81-82°

• The orbits precess through all local t imes every 72 days, 

allowing sampl ing in al l  season / LT / scale 

combinat ions.

• GDC is a st r ategic mission, led by NASA's Goddard Space Flight Center. I t  is structured so as to be accessible to 

the science community and to achieve broad and far-reaching goals, unlike PI -led missions, which must often be 

more t ightly focused.

• GDC will serve as a "st r ategic hub" that can be leveraged by a host of other space-based, ground-based, 

suborbital, and modeling efforts.

• GDC's data will be ful ly open, and sof t war e wi l l  be released open sour ce

• GDC is looking to coordinat e wi t h scient ist s who ut i l ize ground-based obser vat ions. Please contact Bea 

Gallardo Lacourt (bea.gallardolacourt@nasa.gov) if you are interested in learning more.

• GDC is a science mission, but is expected to be of high value for  Space Weat her . GDC will carry a real-t ime 

broadcast  capability for sending data to operational users. Please contact Katherine Garcia-Sage (katherine.garcia-

sage@nasa.gov) for more information.

MEASUREMENT PARAMETERS

ENGAGE

https://gdc.smce.nasa.gov

GDC Goal 1

Understand how the high 

latitude ionosphere-

thermosphere system 

responds to variable solar 

wind/magnetosphere 

forcing.

GDC Goal 2

Understand how internal 

processes in the global 

ionosphere-thermosphere 

system redistribute mass, 

momentum, and energy.

Dynamic Range Accuracy Precision Sample Rate MoSAIC CAPE AETHER NEMISIS TPS PROFILE

a ± 5000 m/s 18 m/s 15 m/s S P

b ± 5000 m/s 18 m/s  15 m/s S P

10
2
 - 10

7
 cm

-3 
± 25 cm

-3
 or 2% 1% or 10 cm

-3 2 / sec S P S

100 - 10,000 K 2% 2% 1 / 2 sec* P S

1 - 150 amu 1% 1% 1 / sec P S

a ± 4200 m/s 4.5 m/s 4.5 m/s P

b ± 4200 m/s 4.5 m/s 4.5 m/s P

c ± 3000 m/s 3.5 m/s 3.5 m/s P

10
7
 - 7 x 10

12
 cm

-3 10% 1% P

100 - 10,000 K 2% 2% P

1 - 150 amu 1% 1% P

a Down P

b Up P

a Down P

b Up

a ± 2.5 V/m
†
 (> 4 Hz) N/A ± 0.1 mV/m P

b 10
2
 - 10

7
 cm

-3 N.A 1% P

100 - 10000 K ± 100 K or 10% > 50 K or 5% 2 / sec P

± 64,000 nT 2 nT 0.5 nT 10 / sec P

a 150-350 km (TBR) 25 km (TBR) 10 km (TBR) P

b 10
5
 - 5x10

6
 cm

-3
 (TBR) 10% (TBR) 10% (TBR) P

*MoSAIC measures both ions and neutrals in a 2-second cycle. If another measurement covered the ions, then MoSAIC could measure neutrals at 1 s cadence

**Thermal plasma density is measured by both AETHER and MoSAIC -- the values quoted here are combined performance
†
AETHER measures electric field spatial structure along a single cross-track axis with a roll-on frequency of 4 Hz (corresponding to about 4 km spatial structure). MoSAIC measures at scales larger than 32 km.

11

9

10

GDC Expected Instrument Performance (2/15/2023)

Reference 

Number

1

5

Thermal ion temperature

Thermal ion composition

Neutral wind, horizontal (in-track)

Neutral wind, horizontal (cross-track)

2

3

4

Small scale electric field (0.1-25 km)

14

12

13

Thermal electron temperature

Magnetic field (DC field, vector)

HmF2

NmF2

1 per 

occultation

Not measured by AETHER, CAPE, MoSAIC

Energy range; 0.025 - 40 keV, dE/E < 17%, Pitch Angle resolution 8.18°, PA range 0°-90°

Energy flux range 0.1 - 100 mW/m
2
 @ 7 % precision, 10% accuracy, dE flux 1.4x10

5
 - 1.4x10

9
 cm

-2
 sr

-1
 s

-1
 eV/eV

Energy range; 0.01 - 30 keV, dE/E <11%, Pitch Angle resolution 8.18°, PA range 0°-90°

Energy flux range 0.1 - 500 mW/m
2
 @ 15 % precision, 10% accuracy, dE flux 1x10

6
 - 1x10

10
 cm

-2
 sr

-1
 s

-1
 eV/eV

Energy range; 0.01 - 30 keV, dE/E <11%, Pitch Angle resolution 8.18°, PA range 90°-180°

Energy flux range 0.1 - 500 mW/m
2
 @ 15 % precision, 10% accuracy, dE flux 1x10

6
 - 1x10

10
 cm

-2
 sr

-1
 s

-1
 eV/eV

Small scale thermal plasma density (0.1-25 km)

Auroral electrons energy /  pitch angle 

distribution

Auroral ions energy /  pitch angle 

distribution

1 /  sec

Selected GDC Instruments (P-> prime, S -> support)

1 / 2 sec* 

Physical Parameter

Thermal ion velocity,horizontal (vector)

Thermal ion velocity, vertical

Thermal plasma density**

1 / sec

256 / sec
†

6

7

8

Neutral wind, vertical (cross-track)

Neutral gas number density

Neutral gas temperature

Neutral gas composition
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robe for adio ccultation of 
onospheric ay rs

Vector magnetic field (3 nT 

accuracy, 0.1 nT precision)
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Interdisciplinary Science Teams

• NEXUS: Neutral EXploration Utilizing in-situ 
Sensors

• ADAPTIVE: Atmospheric Data And mission 
Planning Tool in an Interactive Visualization 
Environment

• SOPHIE: Support from Observations and Physics 
Models 

How will GDC meet its Objectives?
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• Program Scientist: Dr. Jared Leisner (NASA HQ)

• Project Scientist: Dr. Doug Rowland (NASA GSFC)

• Deputy Project Scientist: Dr. Katherine Garcia-Sage (SWx 
Lead) and Dr. Larry Kepko (NASA GSFC)

• Science Instrument Teams
• AETHER Langmuir probe (PI Andersson, CU Boulder)

• MoSAIC ion/neutral mass spec (PI Benna, UMBC)

• CAPE auroral precipitation (PI Gershman, GSFC)

• TPS Thermal plasma (PI Anderson, Univ of Texas, Dallas)

• NEMESIS Magnetometer (PI Moldwin, Univ of Michigan)

• PROFILE GNSS-RO (PI Verkhoglyadova, JPL)

• Interdisciplinary Science (IDS) Teams 
• NEXUS (PI Thayer, CU Boulder)

• ADAPTIVE (PI Bishop, Aerospace Corp)

• SOPHIE (PI Deng, Univ of Texas, Arlington)

Who is GDC?
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• To explore the complex I-T system via comprehensive multi-property and 
multi-point measurements globally. 

• To reveal the “missing links” in Solar-Terrestrial Space Weather through a 
systematic study of its terminus in the upper reaches of Earth’s atmosphere.

• To provide critically needed training of next-generation engineers and 
scientists and foster international collaboration. 

• To reduce risk and enable innovation in low Earth orbit (LEO) utilization by 
improving the specification and prediction of the LEO space environment. 

Why GDC?
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Where is GDC?

History of Ionosphere-Thermosphere Science and Low Earth Orbit

ERA Science LEO Utilization

Discovery
1925-1960

Discovery of the I-T via radio, rockets, and start of space 
age

Radio communications | national security 
issues

Connections
1960-1990

Identification of the coupled nature of the I-T via ground-
based, rockets, and satellite systems

Space exploration | human habitation | 
national security issues

Characterization
1990-2020

Characterization through climatologies and correlations 
from broader data sets

Rapid commercialization | civil space | 
national security issues

Causation
Needed Now Realization of I-T entanglement

Large space economy > $5B annually  |  
expanding commercialization | space 
sustainability

Comprehensive
Future needs

Prediction of global I-T “weather” at high fidelity and 
resolution

Space-reliant and space-faring world | 
LEO capacity limits |debris constraints… 
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Where is GDC?

Ionosphere-Thermosphere Science and Low Earth Orbit

Causation
Needed 

Now
Realization of I-T entanglement

Large space economy > $5B annually  
|  expanding commercialization | 
space sustainability
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Where is GDC?

I-T Entanglement: The collection of neutral and charged particles interacting 
and sharing spatial proximity in such a way that the state of one group cannot 
be described independently of the state of the other, including when 
spanning large distances.

• Because of this realization, observing and interpreting the I-T system requires multi-
property, multi-point measurements at the same time to capture the true state of the 
system.

• GDC and DYNAMIC are future NASA I-T missions designed to meet this realization.

Ionosphere-Thermosphere Science and Low Earth Orbit

Causation
Needed 

Now
Realization of I-T entanglement

Large space economy > $5B annually  
|  expanding commercialization | 
space sustainability
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Where is GDC?

GDC 2024 Status:

• GDC project activities follow FY23 “pause” plan to maintain capability for 
early 2030s launch readiness.

• GDC is focusing on science and instrument development

• FY24 appropriation matches GDC planning for science/instrument activities.

• Congress has asked NASA for a plan to launch GDC by the end of the 
decade.

• Global science partners are sought for collaborative studies and synergistic 
activities.
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