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SPDF Aeronomy/ITM Support

o Ongoing ITM-related missions with data flowing to SPDF: AWE, DMSP 

(SSUSI, SSJ), GOES (EPEAD, EPS), GOLD, GPS, NOAA (POES), TIMED 

o Data archiving in progress: AIM, ICON, ISS/FPMU

o Recently completed missions: C/NOFS, FAST 

o Data from older satellites: AE, AEROS, Alouette, Ariel, C/NOFS, DE, 

many Explorers, Hinotori, IMAGE, ISS-b, ISIS, Polar, OGO, San Marco, 

SHIMMER, SNOE 

o Upcoming: EZIE (Electrojet Zeeman Imaging Explorer) (launch in 2025)

o Ground-Based: CANOPUS, DARN, THEMIS-GBO

o Balloons/Sounding Rockets: PMC Turbo, RENU, SESAME



Aeronomy/ITM Missions
Recent

AIM (Aeronomy of Ice in the Mesosphere)
AWE* (Atmospheric Waves Experiment) [Not on CDAWeb yet]

DMSP (Defense Meteorological Satellite Program)

EZIE (Electrojet Zeeman Imaging Explorer) (launch in 2025)

FAST (Fast Aurora SnapshoT)

GOLD (Global-scale Observations of the Limb and Disk)

GPS (Global Positioning System)

ICON (Ionospheric CONnection)
SNOE (Student Nitric Oxide Explorer )

TIMED (Thermosphere-Ionosphere-Mesosphere Energetics and Dynamics)

Ground-Based

CANOPUS (Canadian Auroral Network Open Program Unified Study)

DARN (Dual Auroral Radar Network)

THEMIS-GBO (Time History of Events and Macroscale Interactions during Substorms Ground-
based Observatory)

Balloons/Sounding Rockets

PMC Turbo (Polar Mesospheric Clouds)

RENU 2 (Rocket Experiment for Neutral Upwelling)

SESAME (Satellite Experiments Simultaneous with Antarctic Measurements)

Historical
Alouette

C/NOFS (Communications/Navigation Outage Forecasting System)

Dynamics Explorer

IMAGE (Imager for Magnetospause-to-Aurora Global Extreme)

Polar



Mission Data Volume Archived at SPDF
Covering from the Sun to the local interstellar medium including magnetosphere –

ionosphere – thermosphere – mesosphere (M-ITM) of applicable planets
~3000 CDF datasets, ~5000 non-CDF datasets, ~100M files, ~600 TB data

4



File Numbers of Mission Data Archived at SPDF 

SPDF data holdings span 100+ missions over 65 years.

The mission never ends with SPDF.
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SPDF’s Science-Enabling Services
o Coordinated Data Analysis Web (CDAWeb)

o Data access through web browser, API, IDL, Python
o Interface for browsing, correlating, and displaying data (audio and movie for 

special cases) from 60+ missions or mission groups and multiple instruments
o Inventory plot and usage statistics for mission data

o Satellite Situation Center (SSC)
o Data access through web browser and API
o 160+ missions, orbit/ground track displays and queries
o Coordinate transformation tools

o OMNI Web (including COHO Web)
o Solar wind plasma, magnetic field, and energetic particle data at the nose of 

Earth’s bow shock and other locations of the heliosphere
o Interface for plotting, filtering, and statistical analysis

o Critical Infrastructures for the Heliophysics Data Environment
o Common Data Format (CDF): self-describing science file format (cdf.gsfc.nasa.gov)
o International Solar-Terrestrial Physics (ISTP) metadata standards for CDF and 

netCDF data including global and variable attributes
o Heliophysics Data Portal: discipline-wide data inventory and access service 

(heliophysicsdata.gsfc.nasa.gov/)
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Linking SPDF Services with Missions
https://spdf.gsfc.nasa.gov/data_orbits.html (Partial Screenshot Below)

160+ missions
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• Special data source groups: balloons, 
ground-based investigations, cubesats, 
sounding rockets, etc.

• Enable Systems Science: cross-mission, multi-
instrument science

• Present dataset view rather than individual 
data files

• 70% of datasets in CDAWeb have SPASE 
records; 57% have DOIs

60+ Missions or Mission Groups

Coordinated Data 

Analysis Web (CDAWeb)

https://cdaweb.gsfc.nasa.gov
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CDAWeb Data 
Explorer

• Time interval is automatically 
set by the last available day 
of the selected dataset(s)

• Remove spikes or filter 
coarse noise

• Plot data availability
• Adjust X and Y lengths for 

plotting
• Auto scale time axis for 

finding discrete bursts or 
events

• Overlay vector components 
of selected variables, or 
selected variables that are 
identical among multiple 
datasets

• Output a subset or a superset 
of datasets in CDF, ASCII/CSV, 
JSON

• Create audio and movie files 
for selected variables



Example Parameter 

Displays in CDAWeb

TIMED/GUVI/1356 Å 

Polar Projection

WIND MFI & SWE and Van 

Allen Probe A ECT & MagEIS

TIMED/TIDI/Wind Vectors

Movie/Transverse Mercator Projection

ISIS-2 Topside Sounder Ionogram

TIMED GUVI/1356 Å 

Transverse Mercator 

Projection

Viking(Sweden)/UV 

Imager/ North Pole

GPS International GNSS Service 

Total Electron Content



Jupyter notebook calling 

CDAWeb web services 



Each supported dataset also provides links to IDL and Python 

code examples for downloading and working with the data files 

independently (outside of the CDAWeb system)

Alternative data access methods
https://cdaweb.gsfc.nasa.gov/alternative_access_methods.html



Plot Walk for Pre-Generated Plots
https://spdf.gsfc.nasa.gov/plot_walk/

Summary or quick-look plots from 20+ missions (12.5 million plots)

links for readme, 
PNG, PDF, PS files

Coordinated Radiodiagnostics Of CMEs and Solar flares (CROCS) plots
using radio data from PSP, Solar Orbiter, STEREO A, and Wind missions



4-D Orbit Viewer (160+ Spacecraft)
https://sscweb.gsfc.nasa.gov/4dorbit/

magnetopause

bow shock

Switch to

perspective

camera

Coordinates centered 

at the Earth, Moon, 

Sun, Mercury, Venus, 

Mars, Lagrange Point 1

Select coordinates



Spacecraft Situation Center (SSC)
Conjunction Query

Example Using THEMIS Mission
https://sscweb.gsfc.nasa.gov/examples/THEMIS_queries



Listing of times when the magnetic footpoints of 

TIMED, DMSP 13, 14, 15 or 16 crossed the Arecibo 

ground station.

Listing of times of magnetic conjunction between TIMED and 

Doublestar 1, or DMSP 15 or 16.

SSCWeb

Multi-satellite or satellite to 

ground station magnetic 

conjunctions

Orbit plots for TIMED and DMSP 14, 15, 16 

in a Polar or Cylindrical Projection. Ground 

station 3-letter codes included.



CDAWeb Datasets Are Available at 

HelioCloud, Autoplot, AMDA, etc.

Autoplot Automated Multi-Dataset Analysis (AMDA)



OMNIweb
https://omniweb.gsfc.nasa.gov

▪ OMNI Data: Database of solar 
wind magnetic field and 
plasma parameters mapped 
to the nose of the Earth’s bow 
shock

▪ Based on a large volume of 
quality-controlled satellite 
measurements (since Nov. 
1963)

▪ COHOWeb: Solar wind field, 
plasma, and energetic particle 
fluxes in other locations of 
the heliosphere, especially 
useful for planetary studies 
and heliospheric model 
validation

▪ Interface for plotting, 
filtering, and downloading the 
data
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SPDF Provides Multiple Services 
and Access Methods

• Direct file downloads via FTPS and HTTPS https://spdf.gsfc.nasa.gov/pub/data/

• Orbit and ground track displays/queries via SSCWeb and 4D Orbit Viewer

• CDAWeb services:

• Data files, plots and listings with supersets or subsets by time & selected 
variables, time-binning

• Web service interfaces (REST, SOAP, IDL, Matlab, Java, Python) 

https://cdaweb.gsfc.nasa.gov/WebServices/

• HAPI (Heliophysics API) https://cdaweb.gsfc.nasa.gov/hapi

• Autoplot autoplot.org/help#CDAWeb

• Other methods such as IDL 
https://cdaweb.gsfc.nasa.gov/alternative_access_methods.html

• The SPASE (Space Physics Archive Search and Extract http://www.spase-

group.org/) team use the master CDFs to generate SPASE IDs and descriptions for 

all datasets, to add entries to the Heliophysics Data Portal 

https://heliophysicsdata.gsfc.nasa.gov and mint DOIs for each dataset



Summary
➢ SPDF archives and serves 

observational space physics 
data to promote correlative 
and collaborative research 
across discipline and mission 
boundaries

➢ SPDF provides three main 
science-enabling services: 
CDAWeb, SSCweb, and 
OMNIweb

➢ CDAWeb database (quality-
controlled, ~3000 datasets) is 
also widely used outside of 
SPDF (e.g., Autoplot, 
HelioCloud, AMDA)

➢ SPDF has regularly meetings 
with NSF and NOAA to 
coordinate the data archiving 
and service

➢ The mission never ends with 
SPDF 

About 50% of JGR-Space Physics and Space 

Weather papers in 2023 acknowledged SPDF 

services and data
https://spdf.gsfc.nasa.gov/Acknowledgements.html
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The non-solar NASA Heliophysics archive, the Space Physics Data 

Facility (SPDF https://spdf.gsfc.nasa.gov), works with current 

operating missions and the heliophysics community to ingest, 

preserve and serve a wide range of science-quality data from the 

mesosphere into the furthest reach of deep-space exploration. In 

particular, SPDF archives data from many aeronomy missions, 

such as GOLD, ICON, AIM, and TIMED, with data access via 

multiple web services. SPDF provides CDAWeb data browsing 

system, SSCweb orbit services and the 4D Orbit Viewer, 

OMNIweb, Plot Walk for pre-generated plots, and the Common 

Data Format (CDF) self-describing science format. Recent updates 

include newly revised web sites, new browser-based 4-D orbit 

viewer, improved user interfaces, and a revised pre-generated plot 

browsing tool.

Abstract
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