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Abstract— NOAA’s National Environmental Satellite, Data,
probabilities of severe space weather conditions. NOAA
and Information Service (NESDIS) is enhancing its current
Subject Matter Experts (SMEs) are frequently contacted for
satellite anomaly program to provide civil, commercial and
advice but can provide only limited support due to the lack of
international satellite operators and developers with advanced
software tools and information. Finally, existing spacecraft
cost-effective tools for improving satellite operations. Recent
anomaly reports are generally incomplete and not readily
satellite anomalies have provided motivation for this new
accessible. Investigations of anomalous events experienced by
initiative within NOAA. In particular, events affecting Galaxy 15
Galaxy 15 in 2010, the Advanced Microwave Sounding Unit
in 2010, NPP’s Visible Infrared Imaging Radiometer Suite
(AMSU) on MetOp-B, and NPP’s Visible Infrared Imaging
(VIIRS) in 2011 and 2012 and the Advanced Microwave
Radiometer Suite (VIIRS) in 2011 and 2012 provide valuable
Sounding Unit (AMSU) on MetOp-B in December 2013 –
examples supporting the need for this new effort. These cases
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Physics Division of the National Geophysical Data Center
a history
of collecting
pertaining to
April (NGDC)
05 @has09:00
UT:
GOES information
magnetometers
and particle
showed
On Aprilinstruments
8, 2010, Intelsat
reported athatmajor
the Galaxy 15
satellite anomalies, and providing expert space environmental
communication
and
Wide
Area
Augmentation
reconfiguration
of the magnetosphere indicative of a substorm and injection of energetic System
services. Present tools include space environmental assessments
(WAAS) spacecraft had ceased responding to ground
particles
intobythe
nightside,
near-earth
space
prepared
subject
matter experts,
POES-based
daily environment
radiation
commands. NOAA Geostationary Operational Environmental
belt activity indices and the Space Environmental Anomalies
Satellites (GOES) in orbit near Galaxy 15 (Fig. 1) observed
Expert System Real Time (SEAESRT) [1]. Future tools and
signatures
a large
geomagnetic
substorm
Galaxy
15 (133ofW)
Anomaly
09:48
UT that occurred 48
services will include a portal for describing operator-contributed
minutes
prior
to
the
anomaly
[3].
As
reported in [3], this
anomalies, flow charts for identifying the likelihood and type of
substorm
caused
remarkable
increases
in
the measured local
space weather-based impacts, and more comprehensive
Satellite
Locations
flux of energetic
electrons
known to cause surface or internal
assessments prepared by subject matter experts. This paper will
satellite charging.
describe NESDIS’s new Safeguarding Satellites from Space
Weather initiative, a few motivating space weather events, and
the planned satellite environmental tools and services.

Space Weather Conditions

3. Local Environment At Galaxy 15 (1 of 5)

Keywords—anomaly; radiation; mitigation

I.

MOTIVATION

Recent satellite anomalies have provided the motivation to
embark on a new initiative within NOAA’s National
Environmental
Satellite, Data, and Information Service
Eclipse
(NESDIS) to address and mitigate the impacts of space weather
on space-borne assets. While useful sources of space
environmental data are available from NOAA and its partner
agencies (NASA and the Departments of Defense and Energy),
many of these data are neither sufficiently accessible nor
presented in a manner conducive for spacecraft anomaly
resolution. Current decision aids contain statements such as,
“The analyst must manually splice together appropriate rows
from each of up to three files” [2] in order to distill data into
needed quantities. Other guidelines for incorporating
environmental data often require in-house expertise not readily
available to many satellite operators. At the 2012 Satellite
Anomaly Stakeholders’ Meeting, hosted by the National
Geophysical Data Center (NGDC), spacecraft engineers
expressed a need for industry standards on extremes for and

Fig. 1: GOES locations at the time of the Galaxy 15 anomaly. Adapted from
[3].

The Advanced Microwave Sounding Unit (AMSU) on
MetOp-B experienced five periods of anomalously11high noiseequivalent differential temperature (NeDT) or radiometric
noise between 10 December 2013 and 08 January 2014.
NGDC was asked by MetOp to investigate whether these
anomalies could be attributed to the space environment. Data
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from the Space Environment Monitor (SEM) on MetOp-B
were used for this assessment. Spacecraft surface and internal
charging/discharging were considered and ruled out as possible
causes of the anomalies. Single event effects caused by highly
energetic ions were identified, with much uncertainty, as a
possible cause. Two of the five anomalous periods started in
the South Atlantic Anomaly (SAA) region, and two started at
high latitudes, supporting the idea of single event effects due to
radiation belt protons or galactic cosmic rays (GCRs).
However, one event occurred at mid latitudes outside of the
SAA where GCR fluxes are very low, and another event was
much longer in duration and greater in NeDT increase than the
other four. Without more information on the sensitivity of the
affected device to energetic ions, or a longer history of NeDT
spikes in the MetOp-B AMSU as well as other AMSUs, a firm
positive or negative conclusion regarding the possibility of a
space environmental cause to these anomalies cannot be
reached. In order to address this issue, a tighter integration of
space environmental experts into anomaly resolution teams is
recommended.

Fig. 3: VIIRS anomaly locations shown on top of a statistical map (geocentric
latitude, longitude) of the GCR background reconstructed by observations from
POES/MetOp spacecraft around the time of the anomaly. Adapted from [4].

The Visible Infrared Imaging Radiometer Suite (VIIRS) on
the Suomi National Polar-orbiting Partnership (Suomi NPP)
spacecraft has suffered numerous anomalous intermittent
temporary shut downs since launch in October 2011 [4,5].
Based on measurements of the particle radiation environment
from the POES and MetOp satellites at the time of the
anomalies, the VIIRS anomalies are most likely single event
upsets (SEUs) caused by energetic protons (Fig. 2) and
Galactic Cosmic Rays (GCR) (Fig. 3). Given the stable nature
of the energetic protons in the SAA and the GCRs over the
polar latitudes, there will likely continue to be similar
anomalies in these regions.

II.

NEW NESDIS INITIATIVE

The pressing need for the new NESDIS Safeguarding
Satellites from Space Weather initiative is documented by
satellite community requests within international forums.
Specifically, the report from the 41st Meeting of the
Coordination Group for Meteorological Satellites (CGMS) in
July 2013 recommended that participants “Establish a
coordinated approach to the monitoring of space weather and
the reporting of space weather-related spacecraft
anomalies”[6]. Also, proposed guidelines from the United
Nations’ Committee on the Peaceful Use of Outer Space
(COPUOS) working group C recommend that member nations
“support and promote the collection, sharing and dissemination
of information relating to on-orbit space weather satellite
effects including spacecraft anomaly reporting.” Domestically,
NGDC has identified opportunities to partner with government
and commercial space situational awareness organizations that
collect other operational data.
NOAA has the necessary operational data from the GOES
and POES satellites to provide a global view of the radiation
environment, it is home to experts on space weather and its
effects on satellites, and effectively collaborates with domestic
and international organizations, making it a clear place to
provide this valuable service. The new program will include an
anomaly database, the Satellite Anomaly Information System
(SAIS) web portal and assessments from Subject Matter
Experts (SMEs). The anomaly database will be capable of
storing key details [7] for each event such as date and universal
time, spacecraft location and orbital elements, eclipse state,
anomaly category and notes about unusual states and recent
operational changes. Any anonymity requirements of the
contributor will be respected. The SAIS public portal will
provide a central location for investigating the causality
between anomalies and changes in the space radiation
environment. Users will be able to retrieve past assessments or
create new reports by working through user interactive
flowcharts such as those in the Human in the Loop system [2].
Users of the SAIS system will be able to request anomaly

Fig. 2: VIIRS anomaly locations shown on top of a statistical map (geocentric
latitude, longitude) of “> 35 MeV” proton fluxes reconstructed by observations
from POES/MetOp spacecraft around the time of the anomaly. Adapted from
[4].
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investigations and other guidance from space weather subject
matter experts.

A set of daily Radiation Belt Indices are derived from the
Medium Energy Proton and Electron Detector (MEPED) on
board the POES and MetOp spacecraft. These indices indicate
the departure from flux climatology in three radiation belt
regions (inner belt, slot region, and outer belt) as well as the
total belt. For each satellite, 22 indices are calculated based on
fluxes from the MEPED proton and electron telescopes and the
omnidirectional dome sensors (omnis). Of particular interest to
satellite operators are the Internal Charging Index (> 300 keV
electron fluxes), the Single Event Effects Index (35 - 70 MeV
proton fluxes) and the Total Dose Index (> 6.9 MeV proton
fluxes). Fig. 4 displays a time history of count rates and belt
indices derived from NOAA-19 for the September 2013
through March 2014 period. The response of the space
environment to a Solar Proton Event in early-January 2014 is
evident in the 35-70 MeV protons (panel c) and the Single
Event Effects index (panel d). The new product is located at:
http://satdat.ngdc.noaa.gov/sem/poes/data/belt_indices/

This initiative will provide civil, commercial and
international satellite operators and developers with costeffective tools for enhancing the viability of operational
spacecraft. For operators, this initiative will provide actionable
information and interactive decision aids to assess the
likelihood of harmful space weather conditions. The initiative
will also facilitate the development of space environmental
standards (via the ISO) for robust spacecraft design.
III.

LEVERAGED PRODUCTS

NGDC has and continues to develop new products that will
be leveraged for the new initiative. These include real-time
processing of POES / MetOp SEM-2 data, the reprocessing of
a solar cycle of Defense Meteorological Satellite Program
(DMSP) data, the reprocessing of GOES 13-15 particle fluxes,
new radiation belt activity indices, a real-time tool for
monitoring the geosynchronous magnetic field and location of
the magnetopause boundary, and a product merging auroral
location predictions and instrument and human observations of
the aurora.
Supported by the NOAA/NESDIS Satellite Products and
Services Review Board (SPSRB), NGDC has completed a new
real-time processing system for the Space Environment
Monitor (SEM-2) charged particle data from the NOAA POES
and the EUMETSAT MetOp satellites as part of the transfer of
SEM-2 processing functions from the Space Weather
Prediction Center (SWPC) to NGDC. Improvements include
the conversion of instrument count rates to fluxes in standard
engineering units, error bars and the calculation of magnetic
parameters such as pitch angles using the International
Geomagnetic Reference Field (IGRF) at the proper epoch. The
new data are stored in Network Common Data Form (netCDF)
day files. For more information, see [8].
Through a collaboration involving the Air Force Research
Lab, the University of Colorado and NGDC, we are
reprocessing a solar cycle of precipitating ions and electrons
observed by the DMSP Special Sensor J (SSJ) instrument for
the F15 - F18 spacecraft. Improvements will include the
conversion of counts to calibrated, background adjusted
differential and integrated fluxes, characteristic energy, error
bars and the spacecraft ephemeris recomputed and provided in
several geophysical coordinate frames (ECI, GEO, AACGM).
The new data are stored in NASA Common Data Format
(CDF)
day
files
located
at:
http://www.ngdc.noaa.gov/stp/satellite/dmsp

Fig. 4: Time history of radiation belt indices interleaved with their related count
rates derived from NOAA-19 for September 2013 – March 2014. The color
maps are displayed as log10(counts/s) versus L shell. From top to bottom: a)
“>300 keV” electrons from 90 degree MEPED, b) Internal Charging Index, c)
35-70 MeV protons from omnis, d) Single Event Effects Index, e) “> 6.9 MeV”
protons from 90 degree MEPED, f) Total Dose Effects Index. For b), d), and f),
red, green and blue represent, the outer, slot and inner belt regions,
respectively.

Magnetic field algorithms being developed for GOES-R,
and applicable to the current GOES 13-15 data, include field
measurements in several coordinate systems (ECI, GSE, GSM,
VDH), magnetopause crossing detections, and sudden impulse
(SI) detection. The coordinate frames will include Earth
Centered Inertial (ECI), Geocentric Solar Ecliptic (GSE),
Geocentric Solar Magnetospheric (GSM) and VDH. The local
magnetic VDH frame is useful in characterizing the degree of
stretching of the local field line. The SI detection algorithm
will use magnetic observations from GOES at GEO, the
Advanced Composition Explorer (ACE) and/or the Deep Space
Climate Observatory (DSCOVR) at L1, and multiple ground
stations to detect the arrival of interplanetary shocks and field
discontinuities. The magnetopause location is an excellent
measure of the compression/erosion of the magnetosphere by

GOES-R particle flux products will include one-sigma
error bars accounting for sources of error such as counting
statistics, contamination and calibration uncertainty. NGDC is
reprocessing GOES 13-15 electron fluxes to include error bars,
an orientation flag, and quality flags. When the background
correction is greater than a fixed percentage of the uncorrected
count rate, the data are replaced with fill values and flagged.
The uncorrected fluxes will still be available to users who wish
to be closer to the original measurements. The new data are
stored in netCDF day and month files located at:
http://www.ngdc.noaa.gov/stp/satellite/goes
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the solar wind. An example depicting a predicted ([9]) nowcast
and observed (GOES-15) crossing of the magnetopause
boundary with geosynchronous orbit in February 2014 is
shown in Fig. 5. The predicted magnetopause location (yellow
arc) was calculated as per [9] using real-time ACE 1-minute
averaged solar wind speed, number density and the zcomponent of the magnetic field (Bz) after delaying these
quantities from L1 to the earth’s bowshock. These quantities
are also used without propagation delay to provide an
approximately 30 to 90 minute forecast of the magnetopause
location. The red triangle in Fig. 5 indicates that the GOES-15
magnetometer observed a 0 crossing of the north-south field
component, consistent with a pre-noon entry into the
magnetosheath during this compressed magnetosphere event.
The final magnetopause product will be available at
http://ngdc.noaa.gov/stp/ in late FY14.

IV.

SUMMARY

NOAA’s new Safeguarding Satellites from Space Weather
initiative will include the development of a public portal, the
Satellite Anomaly Information System (SAIS). This resource
will provide access to Human-in-the-Loop decision flowcharts
and associated space weather data valuable for determining
whether a satellite malfunction is likely related to changes in
the space radiation environment. In addition to scientific
stewardship of Space Weather Prediction Center (SWPC)
products, the National Geophysical Data Center (NGDC) has
several new space weather products under development and
these new products will be leveraged for anomaly mitigation
and post-event resolution.
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Fig. 5: Magnetopause crossing of geosynchronous orbit predicted (yellow arc)
[9] and observed (GOES-15) in February of 2014.
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