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Introduction to SPDF

q SPDF is the active and final archive of non-solar data from NASA heliophysics
missions and collaborative missions with other US and foreign agencies

– Facilitate scientific analysis of multi-instrument and multi-mission data sets 
– Enhance the science return of many missions, providing context with other missions
– Facilitate open science and long-term archiving 
– Make data available via many access methods (HTTP, FTP, REST, HAPI)

q We also archive other data relevant to NASA heliophysics science objectives
– Related data from planetary missions, such as MAVEN, New Horizons
– Heliophysics data from some NOAA and DoD satellites, such as GOES, DSCOVR, LANL
– Non-US missions such as Arase and Formosat upon request
– Ground-based magnetometers, aurora cameras, radars, etc., which are funded by NSF 

or other agencies
q We work closely with missions (some since their early development) on data issues 

and planning, particularly in implementing ISTP* data standards

spdf.gsfc.nasa.gov

*INTERNATIONAL SOLAR TERRESTRIAL PHYSICS



Over 200 Missions/Projects Supported by SPDF
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Total:  ~3000 data sets, ~40 million data files, ~400 TB data
Recent average monthly data ingestion rate:  ~0.6 million data files, ~14 TB data
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Science-Enabling Services of SPDF
1. Coordinated Data Analysis Web (CDAWeb)

– Primary SPDF data service for mission data
– Present data set view rather than individual data files
– List, plot, subset, and download data in CDF or ASCII format

2. Satellite Situation Center (SSCWeb)
– List and plot the orbits of multiple s/c in a variety of coordinate systems
– Query for satellite-satellite and satellite-ground station conjunction. 
– Include most heliospheric satellites and many ground stations.
– 4D Orbit Viewer: Interactive 4D animation of orbits

3. OMNI Web and COHO Web 
– Magnetic field, solar wind plasma, and energetic particle data in various 

locations of the heliosphere, especially the OMNI data mapped to Earth’s 
bow shock 

– Interface for plotting, filtering, and downloading the data
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1. Coordinated Data 
Analysis Web (CDAWeb)

§ Enable multi-mission, multi-
instrument science

§ Present data set view rather than 
individual data files

§ List, plot, and correlate data
§ Download full or a subset of data 

in CDF or ASCII format
§ Sometimes netCDF

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

~80 Missions/Sources
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CDAS Web Service Client 
Codes for Python and IDL

Link to SPASE* Record, main description

6*Space Physics Archive Search and Extract



Metadata à Skeleton Table
Global & Variable Attributes
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CDAWeb
Data Explorer

Automatically set as the last 
available day of the selected 
datasets

Options:
bin averaging, spike 
removal, noise filtering, 
overlay plotting, 
audification, animation
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Example Plots from CDAWeb
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GPS International GNSS Service 
Total Electron Content

TIMED/TIDI Wind Vectors Movie
Transverse Mercator Projection

Enable the service for multi-dimensional 
variables by setting up virtual variables
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Additional Resources at CDAWeb
Part of the Inventory Plot for Parker Solar Probe (PSP) Data in 2019

At CDAWeb, the inventory plots are available for every mission and they are updated daily.
There are also usage statistics for all the data sets.



Why metadata conventions
• Leverage standardized self-describing data formats, metadata for 

datasets and parameters, time conventions, and dataset and filenaming
conventions to enable effective data analysis and browsing using 
generic easy-to-use software and web services

• Restricting metadata representations limits the number of equivalent 
possibilities with which software must deal, and thus fosters 
interoperability

• Conventions standardize ways to name things, represent relationships, 
and locate data in space and time

• Enables developing applications with powerful extraction, regridding, 
analysis, visualization, and processing capabilities

• Abstracts general data models to represent data semantics.
• Embody provider’s experience and capture the meaning in data and 

make data semantics accessible to humans as well as programs
• Provide higher-level abstractions such as coordinate systems, standard 

names for physical quantities for comparing different data, and 
distinguish variables



Some standards and conventions 
• SPASE http://www.spase-group.org dataset descriptions for easy searching 
• ISTP/IACG/SPDF Guidelines for global and variable attributes 

https://spdf.gsfc.nasa.gov/sp_use_of_cdf.html
– SKTeditor metadata creation tool https://spdf.gsfc.nasa.gov/skteditor

• Dataset naming and file naming recommendations 
http://www.tsds.org/Recommended_file_and_data_collection_naming_practices 
and filenaming templates http://tsds.org/uri_templates

• CDF https://cdf.sci.gsfc.nasa.gov scientific data format (including its new 
Python library https://github.com/MAVENSDC/cdflib)

– Time variable types 
https://cdf.sci.gsfc.nasa.gov/html/leapseconds_requirements.htm

• netCDF https://www.unidata.ucar.edu/software/netcdf/
• FITS https://fits.gsfc.nasa.gov/
• UDunits www.unidata.ucar.edu/software/udunits/

Contact me with any questions: jonathon.m.smith@nasa.gov

http://www.spase-group.org/
https://spdf.gsfc.nasa.gov/sp_use_of_cdf.html
http://www.spase-group.org/
http://www.tsds.org/Recommended_file_and_data_collection_naming_practices
http://tsds.org/uri_templates
https://cdf.sci.gsfc.nasa.gov/
https://github.com/MAVENSDC/cdflib
https://cdf.sci.gsfc.nasa.gov/html/leapseconds_requirements.htm
https://www.unidata.ucar.edu/software/netcdf/
https://fits.gsfc.nasa.gov/
http://www.unidata.ucar.edu/software/udunits/


• ISTP/IACG Guidelines (mid1990s) and subsequent extensions by SPDF 
define a limiting set of implementation standards for CDFs 
– Include general file naming conventions
– Data is time-ordered and time-identified; times vary by record
– Set of required and suggested metadata (details on next slide)
– Variable attributes can point to other variables by name and carry arguments

– Attributes thus carry information about relationships among variables
– Variables can carry metadata (e.g. labels for dimensional variables)

• Terminology:  “Skeleton” CDF is a CDF with 
structure and metadata defined but no data, so 
it can be used as a template from which to 
build a data file

• CDAWeb additional concepts: “Master” CDFs and “Virtual” Variables
– “Master” CDF is the use of a “skeleton” CDF to insert supplemental or updated 

metadata for CDFs as a dataset
– ”Virtual” variables are computed variables, using specialized CDF attributes to link 
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ISTP/SPDF Guidelines Structure 
and Metadata Concepts



ISTP/SPDF Metadata Elements
• Variable attributes required for automated processing:

– Catdesc for longer variable description
– Depend_0 points to time variables
– Depend_1, 2, 3 point to variables that describe other dimensions
– Fieldnam short variable name for plots
– Fillval values indicating missing or bad data
– Lablaxis/Labl_ptr for axis and column titles
– Units/Unit_ptr
– Validmin/max for valid data range

• CDF Time variable types
– CDF_TIME_TT2000 nanoseconds from J2000 in Terrestrial Time in 8 byte integer 

handles leap seconds and is well-defined; UTC conversion requires up-to-date leap 
second table (last value stored in CDF header as a check)

– EPOCH milliseconds from 0AD in 8byte float; usually UTC but not leap seconds
– EPOCH16 picoseconds from 0AD in two 8byte float; usually UTC but not leap 

seconds

• ISTP/SPDF Guidelines online at 
https://spdf.gsfc.nasa.gov/sp_use_of_cdf.html



2. Satellite Situation Center (SSCWeb)
o Include most heliospheric satellites and many ground stations 
o List and plot orbits of multiple s/c in a variety of coordinate systems 
o 4D Orbit Viewer: Interactive 4D animation of orbits
o Query for satellite-satellite and satellite-ground station conjunctions 

Simulated 
ICON+SWARM 

coverage in GOLD FOVExtended Orbit 
Predicts : August 

2021

Upgrade
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Extensive Use of SPDF Data & Services
§ Significant increase of 

SSCWeb usage since 2021 
is probably related to 
CCMC and other users for 
model-observation 
comparison 

§ In 2021, ~40% of papers 
in AGU’s JGR Space 
Physics and Space 
Weather journals 
acknowledged SPDF 
services and/or data


