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Thank you, Kathryn!



Exploring the prospects for a 
vivid collaborative science 
between the GDC mission and 
the Ground-Based community

SuperDARN Workshop 2025, Roanoke, VA – June  2025

Bea Gallardo-Lacourt, Doug Rowland, 

Katherine-Garcia Sage, Larry Kepko, and the 

GDC Science Team 



Weather satellites have given us a truly global view of tropospheric / stratospheric weather, leading to a scientific and 

forecasting revolution. Ultimate energy source is solar VIS / IR radiation

Courtesy of NOAA GOES-16



• 6 identical satellite mission to study the 

transition between Earth's atmosphere and 

the space environment

• First comprehensive measurements in this 

region, including energy inputs from the 

space environment above and the variable 

upper atmosphere response

• Interdisciplinary study of fundamental 

processes of planetary upper atmospheres, to 

understand the space environment role in 

the planetary habitability

• Provides critically-needed space weather 

observations of the low earth orbit (LEO) 

region, enabling characterization of the 

orbital drag environment and understanding 

of space weather processes



Geospace Dynamics Constellation: 

Two Overarching Goals

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



Geospace Dynamics Constellation: Phases

Local 

Regional 

Global

• GDC will use six identical satellites in high-inclination, circular, low earth

orbits to measure local, regional, and global-scale dynamics

• Critical national infrastructure resides in this poorly studied region,

and our predictive models are insufficient to protect these assets

Three phases in three years

GDC ephemeris can be downloaded from: 

https://ccmc.gsfc.nasa.gov/mission-planning/GDC/

• Partner mission (DYNAMIC) will study how upper atmosphere and 

ionosphere respond to energy inputs from below (terrestrial weather)

• GDC will fly through a critical part of this region, where the ionized gas of 

the ionosphere and the neutral gas of the thermosphere exhibit complex 

coupled dynamics and chemistry

• GDC's orbit, at 350-400 km, is just below the International Space Station





Geospace Dynamics Constellation: Instruments

GDC’s measurement parameters
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GDC is a strategic hub

Three phases in three years



GDC Community Ground-based Coordination Group

Potential for additional science outcomes 

Conjunctions between ground-based instruments around the world and GDC measurements present a unique 
opportunity to further our understanding of the Ionosphere-Thermosphere-Mesosphere system 

Northern and Southern 
Hemisphere SuperDARN radar

Arrays of GB Magnetometers Chinese Meridian Project
Some examples of ground-based assets and facilities around the world

GDC: A Community Mission
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e.g., Embrace 
Magnetometer 

Network



GDC Ground-based coordination

GDC-GBC

Community Team Internal Team
Members of the 

Science Team

Members of the 

scientific community, 

GB PIs, and experts

Community 

engagement on 

GDC information 

sharing

Discussion of 

available ground-

based facilities 

and opportunities 

for collaborations

1. GDC Internal Ground-based Coordination Group



GDC Ground-based coordination

GDC-GBC

Community Team Internal Team
Members of the 

Science Team

Members of the 

scientific community, 

GB PIs, and experts

Community 

engagement on 

GDC information 

sharing

Discussion of 

available ground-

based facilities 

and opportunities 

for collaborations

Has been meeting twice 

a month for over a year 

to explore ways to 

enhance GDC science 

outcomes and 

investigations through 

the integration of 

ground-based 

instruments

1. GDC Internal Ground-based Coordination Group



GDC Ground-based coordination

The Ground-Based STM



2. GDC Community Ground-based Coordination Group

• Group open to the international community

• Goal: Help coordinate the ground-based 

community to leverage GDC measurements to 

extend and enhance their science, and achieve their 

science goals

• First meeting in February 2023

• Meeting ~once a month with three rotating time zones: 

• US-centered

• Asia-centered

• Europe-centered

247 members from around the world!

Phase 1 Phase 2

Learning about the GDC 
mission and  instruments

Learning about ground—based 
community assets, facilities, 
and collaboration opportunities

GDC: A Community Mission

We are currently organizing presentations by instruments’ PI to discuss details 

about GDC instruments and possibilities for ground-based coordinated science



2. GDC Community Ground-based Coordination Group

• Group open to the international community

• Goal: Help coordinate the ground-based 

community to leverage GDC measurements to 

extend and enhance their science, and achieve their 

science goals

• First meeting in February 2023

• Meeting ~once a month with three rotating time zones: 

• US-centered

• Asia-centered

• Europe-centered

Phase 1 Phase 2

Learning about the GDC 
mission and  instruments

Learning about ground—based 
community assets, facilities, 
and collaboration opportunities

Submit the form 
to get updates 
and Join the 

group!

GDC: A Community Mission

We are currently organizing presentations by instruments’ PI to discuss details 

about GDC instruments and possibilities for ground-based coordinated science



• 134 instruments across 

27 sites

GDC-G (ground)
• 27 Mags (fluxgate)

• 27 Riometers

• 23 RGB ASI

• 8 Spectrographs

• 16 Red ASI

• 27 GNSS

• 6 FPI

PI: Emma 

Spanswick

University of 

Calgary



Normally my presentation would end around here, but…..



GDC

DYNAMIC



GDC

DYNAMIC



Access all PBR 

documents:





Join the GDC 

Ground-based 

community 

Conclusions

• GDC will study how the upper atmosphere and 

ionosphere response to energy inputs from above 

• GDC, via the ITM great observatory, wants to serve as a 

strategic hub for the international ITM science 

community

Help coordinate the ground-based community to 

leverage GDC measurements to extend and enhance 

their science and achieve their science goals

• Join the group!

For more information contact: 

Bea Gallardo-Lacourt (NASA/CUA)

bea.gallardolacourt@nasa.gov

Geospace Dynamic Constellation

mailto:bea.gallardolacourt@nasa.gov


Extra slides
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Target Region:
~58 to 90 deg geomag
>120deg of geomag long

27 MAG (fluxgate)
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GDC-Ground Infrastructure 



27 “core sites” 

Target Region:
~58 to 90 deg geomag
>120deg of geomag long

27 MAG (fluxgate)
27 RIO (hyperspectral)

27 MAG (fluxgate)
27 RIO (hyperspectral)
23 RGB ASI 
8  SPECT

GDC-Ground Infrastructure 



27 “core sites” 

Target Region:
~58 to 90 deg geomag
>120deg of geomag long

27 MAG (fluxgate)
27 RIO (hyperspectral)

27 MAG (fluxgate)
27 RIO (hyperspectral)
23 RGB ASI 
8  SPECT

27 MAG (fluxgate)
27 RIO (hyperspectral)
23 RGB ASI 
8   SPECT
16 RED ASI

GDC-Ground Infrastructure 



27 “core sites” 

27 MAG (fluxgate)
27 RIO (hyperspectral)

27 MAG (fluxgate)
27 RIO (hyperspectral)
23 RGB ASI 
8  SPECT

27 MAG (fluxgate)
27 RIO (hyperspectral)
23 RGB ASI 
8   SPECT
16 RED ASI

27 MAG (fluxgate)
27 RIO (hyperspectral)
23 RGB ASI 
8   SPECT
16 RED ASI
27 GNSS (total)

Target Region:
~58 to 90 deg geomag
>120deg of geomag long

GDC-Ground Infrastructure 
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27 MAG (fluxgate)
27 RIO (hyperspectral)
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27 GNSS (total)

27 MAG (fluxgate)
27 RIO (hyperspectral)
23 RGB ASI 
8   SPECT
16 RED ASI
27 GNSS (total)
6 FPI 

Target Region:
~58 to 90 deg geomag
>120deg of geomag long

GDC-Ground Infrastructure 





GDC Status

• GDC definition began in 2018 with the Science and Technology Definition Team. The STDT report was issued Nov 2019.

• In Nov 2019, NASA GSFC was directed to perform a pre-Phase A study to define the scientific and technical scope of GDC. 
This resulted in a successful Mission Concept Review in July 2020 and a subsequent KDP-A in Aug 2020

• The IDS teams were selected by NASA HQ in fall 2021

• Independent Review Board affirmed GDC’s importance in summer 2022

• The first three instruments (AETHER, CAPE, MoSAIC) selected by NASA HQ in spring 2022

• TPS, NEMISIS, and PROFILE instruments selected by NASA HQ Jan 2023

• Spacecraft procurement process underway

• March 2023: President’s Budget proposed a 3-year “pause” or slowdown of GDC funding to better align the Project’s 
needs with available funding. Through Sept 30, 2026, GDC expects to have a primary focus on science and instrument 
development, with full development expected to start Oct 1, 2026.

• GDC is looking forward to the National Academies’ Decadal Survey report, expected in 2024, and anticipates continued 
strong support from the community



• GDC will study the region where our upper atmosphere transitions to space. This transition region between neutral 

atmosphere and ionized space is where energy input from the Sun and magnetosphere is deposited, altering the chemical 

composition, plasma density structure, and neutral winds of our upper atmosphere, leading to profound space weather 

effects such as increased atmospheric drag, geomagnetically induced currents, and GPS errors. 

• This region is where all our low-earth orbit (LEO) satellites live, including the ISS. Critical national infrastructure resides in 

this poorly studied region, and our predictive models are insufficient to protect these assets. We do not have sufficient 

measurements needed to understand and predict the temporal and spatial scales over which these interactions occur.

• GDC, in combination with its partner mission DYNAMIC, will capture the full breadth of energy input from above (GDC) and 

below (DYNAMIC). This mission combination will allow us to understand the full response of the ITM system to these energy 

inputs.

• GDC Facts:

• NASA’s next Living With a Star (LWS) strategic mission

Geospace Dynamics Constellation Overview



GDC: A Community Mission
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