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Forward
ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.
Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.
ISO 23689 was prepared by Technical Committee ISO/TC20/SC14

iv

Introduction
This international standard describes the dynamic variability of the environment, i.e., space weather, and
identifies the tools and parameters needed for space systems operations. In particular, a standard is important for
satellite operators who may not be familiar with space weather. For example, when Satellite operators arrive on
shift, they are often briefed about terrestrial weather, geomagnetic storms, and possible collision reports. This
provides insight into any possible collisions that their system may have with debris other satellites. In addition,
others who participate in space systems operations will also benefit from this document. For example,
designers, manufacturers, and launchers of space systems require real-time, operational space weather
parameters that can be measured, monitored, or built into automated systems. Users of these systems include
developers of software systems that provide LEO satellite orbit determination, radio communication availability
for scintillation events (GEO-to-ground L- and UHF-bands), GPS uncertainties, and the radiation environment
from ground-to-space for commercial space tourism. These groups require recent historical data, current epoch
specification, and forecast of space weather phenomena for their automated or manual systems. National
government agencies often rely on space weather data that is provided by their national organizations, such as
those represented in the International Space Environment Service (ISES) group of 14 national agencies, and this
document identifies some key descriptors provided by those agencies.
Thus, this international standard is applicable for a variety of engineering and scientific domains. The structure
of this document contains consensus terms and definitions, scope, and internationally accepted descriptions of
the main phenomena of space weather, including its sources and effects upon space systems. Appendices
describe expanded material including guidelines on how to use the standard, how to obtain specific space
weather parameters, and short but detailed descriptions of some parameters. Appendices enable easy updates for
this standard because new advances in scientific and engineering understanding provide new tools for
characterizing the domain of space weather.
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Working Draft International Standard ISO/WD

Space Environment (natural and artificial) – Space weather information for
use in space systems operations
1 Scope
This standard identifies the phenomena of space weather as a dynamic component of the space environment that
affects the technology of space systems. Space system operations includes ground-based, on-orbit, and deep
space automated satellite operations. In addition, developers of software systems for space systems, designers of
space systems, and launchers of space systems will find this document useful.

2 Normative references
2.1

ISO 11225 Space environment (natural and artificial) – Guide to reference and standard atmosphere
models

2.2

ISO 12208 Space systems – Space environment (natural and artificial) – Observed proton fluences over
long duration at GEO and guideline for selection of confidence level in statistical model of solar proton
fluences

2.3

ISO 14200 Space environment (natural and artificial) – Guide to process-based implementation of
meteoroid and debris environmental models (orbital altitudes below GEO + 2 000 km)

2.4

ISO 14222 Space Environment (natural and artificial) – Earth upper atmosphere

2.5

ISO 15390 Space Environment (natural and artificial) – Galactic cosmic ray model

2.6

ISO 16457 Space Environment (natural and artificial) The Earth’s ionosphere model: International
Reference Ionosphere (IRI) model and extensions to the plasma sphere

2.7

ISO 16695 Space environment (natural and artificial) – Geomagnetic reference models

2.8

ISO 16698 Space Environment (natural and artificial) Methods for estimation of future geomagnetic
activity

2.9

ISO 21348 Space environment (natural and artificial) – Process for determining solar irradiances

2.10 ISO 24113 Space Debris Mitigation
2.11 ISO 22009:2009 Model of the Earth's magnetospheric magnetic field
2.12 ISO 10788:2014 Lunar simulants
2.13 TR 18147:2014 The method of the solar energetic protons fluences and peak fluxes determination

3 Terms and definitions
3.1

space environment

the aggregate surrounding conditions and influences of photons, particles, and fields outside of planetary
atmospheres
1

3.2

space weather

the dynamic variability in the transfer of energy via photons, particles, and fields from the Galaxy and Sun to
the heliosphere, including planetary bodies, other objects, and their environs.
3.3 heliosphere
region of space that is defined by the maximum extent the solar magnetic field and where the pressure of the
solar interplanetary magnetic field is equal to that of the local galactic magnetic field
3.4 deep space
region of space outside of the Earth’s atmosphere and magnetosphere
3.5 interplanetary orbit
a trajectory involving two or more planets or other celestial bodies
3.6 geostationary Earth orbit
Earth orbit having zero inclination and zero eccentricity, whose orbital period is equal to the Earth’s sidereal
rotation period [ISO 24113:2011, definition 3.8]; this orbit allows the satellite to remain continuously over
approximately the same point on Earth’s surface
3.7 geosynchronous Earth orbit
Earth orbit with an orbital period equal to the Earth’s sidereal rotation period [ISO 14200:2012(E), definition
3.3]
3.8 medium Earth orbit
Earth orbit with apogee altitude that greater than 2 000 km but does not exceed 36 000 km
3.9 low Earth orbit
Earth orbit with an apogee altitude that does not exceed 2 000 km [ISO 14200:2012(E), definition 3.9]
3.10 suborbital
flight at an altitude and velocity that would result in a trajectory incapable of circling the Earth at least once
3.11 atmosphere
the layer of gases surrounding a planet, moon, asteroid, or comet

4 Time frames for space weather information
4.1 Historical
An historical time frame for space weather information starts at the current epoch and continues backwards in
time.

4.2 Current epoch (Nowcast)
The current epoch for space weather information is the present moment in time and whose interval is userdefined; for example, the current epoch could be the present second, minute, hour, or day.

4.3 Forecast
A forecast time frame for space weather information starts at the current epoch and continues forwards in time.

5 Galactic cosmic rays
Galactic Cosmic Rays (GCRs) are comprised of high-energy charged particles consisting of approximately
42.8% H, 18.5% He, and 30.1% heavier ions [Spence et al., 2013] contributing to background radiation and
2

event radiation levels. Originating from the interstellar medium, the GCR flux within the heliosphere is
modulated inversely with the solar cycle, i.e., there are higher particle fluxes during solar minimum.

6 Solar environment within the heliosphere
6.1 Solar dynamo
The solar dynamo refers to the physical process whereby the Sun’s magnetic field is created. It contains the
elements of rotation of the Sun and the existence of highly ionized plasma in a region below the surface of the
Sun above the core and radiative zone, and below the convective zone, called the tachocline. Here, solar
temperatures in the range of 2 million K are cool enough for ions to form and, as they move with the Sun’s
rotation, act in a way such that their kinetic energy is converted into electro-magnetic energy.
Phenomenology
The solar dynamo is the source of the Sun’s magnetic field.
6.1.1

Heliosphere
The furthest extent of the Sun’s magnetic field out into the local galactic medium, whose border is defined as
that region where the Sun’s magnetic field strength equals the local galactic magnetic field strength, also called
the heliopause. Inside that bounded region the Sun’s particles, photons, fields, i.e., gravitational and
electromagnetic, dominate all energy transfer processes while outside that region the Galaxy dominates. All
solar planets reside within the heliosphere.
6.1.1.1

Structure of Sun
The internal structure of the Sun is comprised of the core where thermonuclear reactions occur, the radiative
zone, the tachocline interface layer, and the convective zone. The photosphere is the visible surface of the Sun
where we can observe sunspots, faculae, and granules. The surface of the Sun is also considered the
photosphere at a mean altitude of 0 km or 1.0 solar radii.
6.1.1.2

The chromosphere
the region of the Sun’s atmosphere above the photosphere and below the transition region, which exhibits
temperatures between 4 000 K to 8 000 K.
6.1.1.3

The transition region
the region of the Sun’s atmosphere above the chromosphere and below the corona, which exhibits temperatures
between 8 000 K to 500 000 K.
6.1.1.4

The corona
the region of the Sun’s atmosphere above the transition region and has temperatures starting at 500 000 K.
6.1.1.5

Magnetic fields
The Sun’s magnetic dipole reverses and returns to the same polarity every 22 years and is known as the solar
magnetic cycle. At the beginning of each 11-year half cycle of the magnetic dipole reversal, new sunspots begin
forming in a band between 25 and 30 degrees north and south latitude; they then progress towards the equator
and this process is known as the solar sunspot cycle.
6.1.1.6

Rotation
The sun’s average rotation period is 27.275 days from Earth’s perspective. The rotation period varies with the
latitude ranging from 30 days at the Poles (90°) to 24.47 days at the equator (0°) also known as the sidereal
period.
6.1.1.7
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Solar flares
An explosive release of magnetic energy manifested as a solar atmosphere phenomenon and observed as a
sudden brightening in the electromagnetic radiation from the Hard X-rays through Far Ultra-Violet
wavelengths.
Solar flares are classified into two types of events using soft X-ray duration and other characteristics. One type
is an impulsive flare whose characteristics are short duration (minutes to an hour), an impulsive time variation
in the hard X-rays, and formed from a simple compact loop structure as observed in soft X-rays. The other type
is a long duration event (LDE), which shows a large-size or complex structure in the soft X-rays and a gradual
time variation in hard X-rays (hours).
6.1.1.8

Coronal mass ejections
A coronal mass ejection (CME) is an explosive release of charged particles into the ambient solar wind; the
particles were formerly captured in coronal loops in the solar atmosphere and that are released a result of
magnetic shearing process in flaring regions. Solar flares usually occur on solar magnetic field loops while
CMEs are the release of charged particles from ruptured magnetic field loops. The transient ejecta from the Sun
expands as it travels out from the Sun, initially radially, on the curved interplanetary magnetic field lines.
Coronal mass ejection material is also known as magnetic cloud or flux rope ejecta.
6.1.1.9

6.1.1.10 Coronal holes

Open magnetic field lines on the Sun extending into the interplanetary medium that enable the escape of highly
energetic particles, especially electrons, and that are associated with high-speed streams (HSS).
6.1.1.11 Solar wind

A non-uniform stream of charged particles, mostly electrons and protons, ejected from several source regions
on the Sun, including coronal holes, boundaries with regions of magnetic activity, and ejecta during solar flare
events. The solar wind velocity often ranges from 300 kilometers per second up to over 2 000 kilometers per
second, depending upon the source of the material in the solar wind. The solar wind plasma consists of electrons
and protons that are constrained to follow the interplanetary magnetic field (IMF) emanating from the Sun. The
plasma is usually inhomogeneous and may contain magnetic field properties different from interplanetary space.
Effects
The Sun’s magnetic field created by the solar dynamo is the source of small-scale phenomena such as sunspots,
flares, and coronal mass ejections as well as large-scale phenomena such as the interplanetary magnetic field
that extends throughout the heliosphere and acts as a guide for charged particles moving out through and into
the heliosphere. At Earth, sunspots have the effect of diminishing the TSI. Flare short wavelength photons
arriving at Earth can cause ionization in the ionosphere and heating of the neutral thermosphere. Coronal mass
ejection material upon arrival at Earth can cause geomagnetic storms at the charged particles in the magnetic
cloud or flux rope gets injected onto Earth magnetospheric field lines, which can funnel particles inwards
towards geosynchronous orbit and all the way to the auroral zones. The addition of charged particles can
severely disrupt the Earth’s electrical field, even in subsurface conducting layers, to cause power surges in
terrestrial power transmission lines. These highly energetic events can cause effects on Earth such as radio
communication loss, power grid failure, increased satellite drag, and even enhanced radiation at commercial
aviation altitudes.
6.1.2

6.2 Sunspots
Sunspots are dark regions visible on the surface, or photosphere, of the Sun that evolve through time with
expansion and breakup stages.
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Phenomenology
Sunspots contain strong magnetic fields emanating from the interior, or convective zone, of the Sun and often
form in groups or pairs with one spot having a negative polarity and the other one having positive polarity.
6.2.1

History of discovery, long term record
Records of sunspot observations go back as far as 3 000 years ago in China. The first mentions of sunspots in
western culture occurred in Greece around 300 BC. Galileo Galilei began to study and record the spots in 1610
with the first astronomical telescope.
6.2.1.1

Variability
Sunspots grow in number and reduce in number in concert with the strength of the Sun’s magnetic field half
cycle. During the 22-year Hale full cycle the overall solar magnetic field makes one complete polarity reversal,
where the north pole has one polarity at the beginning of a cycle, where it has the opposite polarity at the mid
cycle of approximately 11 years and has the original polarity at the end of the cycle. The approximate 11-year
half Hale cycle defines the Sunspot solar cycle whereby the number of sunspots visible on the solar disk at the
beginning of a sunspot solar cycle are zero, where the number rapidly rises to a maximum count at sunspot
cycle maximum, and where the number slowly declines back to zero at sunspot cycle minimum.
The strong localized magnetic fields emanating from the convective zone vary in strength and duration,
manifest as sunspots on the photosphere, and are coincident with active bright regions in higher solar
atmosphere layers, include coronal loops. At the start of a solar sunspot cycle these strong magnetic fields
manifest at solar mid latitudes (north and south) and, during the course of the cycle, appear at more equatorial
latitudes until solar minimum is reached, where the disappear entirely.
6.2.1.2

Effects
Sunspots consist of an absence of photons on the solar visible surface, or photosphere, and have the effect of
reducing the total solar irradiance (TSI) [ISO 21348:2007 (E)], sometimes inappropriately called the solar
constant. A single large sunspot moving across the solar disk as it is fixed in the solar rotational coordinate
system can become up to a 1% reduction of the TSI when the sunspot is near disk center.
Although individual sunspots can reduce the total radiative output of the Sun, they are a proxy [ISO 21348:2007
(E)] for the overall strength of energy output from the Sun during the course of a solar sunspot cycle. The
sunspots are but one aspect of the total energy output, whose source is the increased magnetic field strength.
That increased magnetic field strength translates into increased magnetic energy deposited into high atmosphere
layers of the Sun, which can then become bright active regions, flares, and coronal mass ejections with up to
orders of magnitude more photons being created in the ultraviolet, far ultraviolet, extreme ultraviolet, soft Xray, and X-ray portions of the radiative electromagnetic spectrum [ISO 21348:2007 (E)].
6.2.2

6.3 Solar shorter wavelength electromagnetic radiation
The solar electromagnetic radiation spans the entire spectrum from gamma-rays to radio wavelengths as
blackbody radiation [ISO 21348:2007 (E)]. Solar photons travel at the speed of light from the Sun to all parts of
the solar system, the heliosphere, and out into the Galaxy. Depending upon their wavelength, the photons can
cause larger or smaller transfers of energy to other bodies and objects in the solar system.
Shorter wavelength electromagnetic radiation ranges from the gamma-rays to ultraviolet wavelengths.
Phenomenology
Solar electromagnetic radiation is a manifestation of all permitted atomic energy level transitions, where the
photons are primarily created in solar surface and atmosphere phenomena. The more magnetic energy injected
from below the solar surface, through the surface, and into the atmosphere, the more energy is available for
transitions of ions and electrons from one energy state to another and the discrete energy transition relaxations
from one atomic energy level to another account for the total of all photons released across all wavelengths.
6.3.1
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Shorter wavelength electromagnetic radiation originates from the photospheric surface through all solar
atmosphere layers.
X-rays (0,001 nm to 0,1 nm)
Hard X-ray irradiances are defined as the wavelength range of (0,001 u λ < 0,1) nm and predominately come
from the solar corona. [ISO 21348:2007 (E), 6.4.1]
6.3.1.1

Soft X-rays or XUV (0,1 nm to 10 nm)
Usually associated with solar coronal phenomena, flares, million-degree temperatures, and atomic dissociation,
the corona extends from about 21 000 km to 1 400 000 km above the photosphere. X-ray flares are responsible
for enhancements in the D and E regions of the Earth’s ionosphere as well as heating below 150 km in the
terrestrial neutral atmosphere. [ISO 21348:2007 (E), 6.4.1; ISO 14222:2013 (E), B.2.2.2]
6.3.1.2

Extreme ultraviolet or EUV (10 nm to 121 nm)
EUV has emission lines that come from the upper chromosphere (near-coronal temperatures), transition region,
and lower corona. This spectral band is responsible for ionization and heating in the E and F regions of the
terrestrial ionosphere as well as heating above 150 km in the terrestrial neutral atmosphere. [ISO 21348:2007
(E), 6.4.1; ISO 14222:2013 (E), B.2.2.2]
6.3.1.3

Far Ultraviolet or FUV (122 nm to 200 nm)
FUV has emission lines that come from the photosphere. This spectral band is responsible for molecular
dissociation and heating in the lower terrestrial thermosphere. [ISO 21348:2007 (E), 6.4.1; ISO 14222:2013 (E),
B.2.2.2]
6.3.1.4

Ultraviolet or UV (200 nm to 400 nm)
UV has emission lines that come from the photosphere. This spectral band is responsible for molecular
dissociation and heating in the lower terrestrial mesosphere and stratosphere. [ISO 21348:2007 (E), 6.4.1; ISO
14222:2013 (E), B.2.2.2]
6.3.1.5

Effects
Shorter (higher energy) wavelength from the ultraviolet to the gamma-ray part of the spectrum can cause
molecular dissociation and atomic ionization.
6.3.2

6.4 Solar longer wavelength electromagnetic radiation
Longer wavelength electromagnetic radiation ranges from the visible to radio wavelengths.
Phenomenology
Longer wavelength electromagnetic radiation originates from the photospheric surface through all solar
atmosphere layers.
6.4.1

Visible
Visible radiation is classified as electromagnetic radiation with wavelengths between 380 nanometers and 760
nanometers. The strongest blackbody radiation for the Sun is primarily emitted in the visible spectrum and is the
reason the life on Earth adapted to this wavelength. Visible is emitted primarily by the solar photosphere.
6.4.1.1

Infrared
Infrared radiation is classified as electromagnetic radiation with wavelengths between 700 nanometers and 1
millimeter (430 THz to 300 GHz). Blackbody radiation is primarily emitted in the infrared spectrum, making
infrared a good source in thermographic applications. Infrared is emitted primarily by the translation, vibration,
and rotation as well as interaction of particles. Any object above absolute zero emits infrared radiation.
6.4.1.2
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Microwave
Microwave radiation is classified as electromagnetic radiation with wavelengths between 1 millimeter and 1
meter (300 GHz to 300 MHz). Microwave radiation is primarily used for line-of-sight communication and
radar. It additionally has limited range in the atmosphere due to high absorption by moisture in the air. It can be
used for point-to-point communication to transmit data, noise, or video. Microwaves can be used in radar
systems to detect the location of objects.
6.4.1.3

Radio
Radio frequency (RF) radiation is classified as electromagnetic radiation with wavelengths generally between 1
meter and 10 km (30 kHz to 300 GHz). Note that this range includes microwave radiation. Most low-frequency
RF is suitable for long-distance communication using methods such as ionospheric reflection for over-thehorizon communication. It is widely used for communication between spacecraft and ground systems.
6.4.1.4

Effects
Longer (lower energy) wavelengths from the radio to the visible part of the spectrum can impart kinetic energy
changes to molecules such as translation, rotation, and vibration.
6.4.2

6.5 Solar energetic particles
Solar energetic particles (SEPs) are primarily protons (Z = 1) ejected from the Sun during explosive events with
energies ranging from 1–500 MeV. In addition, other ions can be ejected from the Sun and many models have
spectra for species through Z = 92. In addition to solar flare induced solar energetic particles, an energetic
population of protons can be created by the flux rope passage through the ambient solar wind, creating a shock
front that then accelerates the particles.
Phenomenology
Solar energetic particles are created during solar explosive events and shock accelerated material in the solar
wind. The during of flux for SEPs can extend over days during very large events.
6.5.1

Solar particle events
Solar particle events (SPEs) occur when a mass of solar protons are emitted from the Sun, typically during a
CME related event.
6.5.1.1

Effects
A significant effect from SPEs and SEPs is the exposure to a severe ionizing radiation environment for humans
and avionics.
6.5.2

7 Solar event effects on the near-Earth environment
TBD.

7.1 Magnetosphere
TBD.
7.1.1

Phenomenology

TBD.
Trapping
Particles become trapped in the inner magnetosphere throughout phenomenon called magnetic mirroring.
Trapping contributes to the ring current and the particle population of the outer radiation belts.
7.1.1.1
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Geomagnetic storms
Geomagnetic storms are large disturbances in the near-Earth environment, which are caused by solar wind and
interplanetary field structures that originate from solar disturbances such as coronal mass ejections. These
storms are associated with: i) major disturbances in the geomagnetic field; ii) strong increase of energetic (tens
to hundreds of keV) ions in the (ring current) region; and iii) occasional intense fluxes of relativistic (MeV)
electrons in the outer Van Allen radiation belt.
A geomagnetic storm is a temporary but major disturbance of the Earth's magnetosphere caused by changes in
charged particle densities, pressures, magnetic directionality, and velocities in the solar wind. A solar wind
shock wave and/or magnetic cloud of particles interacts with the Earth's magnetic field and transfers energy into
the near-Earth environment. The strength of a geomagnetic storm is often defined by changes in the proxy of
the ring current called the Dst index. A geomagnetic storm has three phases: an initial phase, a main phase, and
a recovery phase. The initial phase (also referred to as a storm sudden commencement (SSC)) is characterized
by an increase of Dst by 20 to 50 nT in tens of minutes. Not all geomagnetic storms have an initial phase and
not all sudden increases in Dst are followed by a geomagnetic storm. The main phase of a geomagnetic storm is
defined by a decrease in Dst to less than -50 nT. The selection of -50 nT is somewhat arbitrary and some
systems use -75 nT or -80 nT as thresholds. The minimum value during a storm will be between -50 and
approximately -600 nT. The duration of the main phase can extend from one and several hours. In the recovery
phase the Dst relaxes from its minimum value to its quiet time value. The recovery phase may last from hours to
days. [ISO 16698:2012(E), 2.6]
7.1.1.2

Magnetospheric Substorms
Magnetospheric Substorms are caused by the dynamic response of the magnetosphere to varying solar
conditions. The energy input from the solar wind is governed by the orientation of the interplanetary field,
usually with Bz southward, and, as long as the magnetospheric region remains stable, energy is stored as
magnetic energy. At some critical point the magnetotail becomes unstable and the magnetic energy will be
released via the "substorm expansion phase", which involves: i) injection of energetic (tens to hundreds of keV)
particles (electrons and ions) to the vicinity of the geostationary orbit; ii) strong electric currents in the auroral
region; and iii) rapid fluctuations and configuration changes of the magnetospheric magnetic field.
7.1.1.3

7.1.2

Effects

TBD.

7.2 Plasmasphere

Torus of cold, relatively dense (> 10 cm3) plasma of mostly H+ in the inner magnetosphere, which is trapped on
the Earth's magnetic field lines and co-rotates with the Earth. NOTE: Cold plasma is considered to have energy
of between a few electron volts and a few dozen electron volts. [ISO/DIS 16457(E), 2.2]
7.2.1

Phenomenology

TBD.
7.2.1.1.1

Geo corona

TBD.
7.2.1.1.2

Dynamics

TBD.
7.2.1.1.2.1 Day side changes

TBD.
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7.2.2

Effects

TBD.

7.3 Van Allen radiation belts
TBD.
7.3.1

Phenomenology

TBD.
Outer radiation belt
Consists of a region of trapped particles (electrons and ions) that is populated by the influx of particles from the
Earth’s magnetosphere. The outer radiation belt extends from 10 000 – 65 000 km, where the greatest intensity
is between 14 500 – 19 000 km. This region contains electrons have energies >40 keV along the outer edge and
can drop to normal interplanetary levels within about 100 km (a decrease by a factor of 1 000) as a result of the
solar wind. Unlike the inner belt, the outer belt's particle population fluctuates widely and is generally weaker in
intensity (less than 1 MeV), rising when magnetic storms inject fresh particles from the magnetotail and then
falling off again.
7.3.1.1

Inner radiation belt
Consists of a region of trapped particles (protons and electrons) that is populated by the decay of albedo
neutrons whose source is galactic cosmic rays. Neutrons with decay times of <0.6 seconds break up into a
proton, which captures most of the energy, an electron, and a massless neutrino. The inner radiation belt extends
from 650 – 6 300 km, where the greatest intensity is between 2 000 and 5 000 km. This region forms a ring
mostly concentrated in equatorial plane. It consists mostly of very stable protons on the order of 10 – 50 MeV
with particle lifetimes of up to 10 years. Also contains electrons, low-energy protons, and oxygen atoms with
energies of 1 – 100 keV. When these electrons strike the upper atmospheric molecules and atoms they cause
polar aurora.
7.3.1.2

7.3.1.3

Other radiation belt variability

TBD.
South Atlantic Anomaly
The proton-rich inner radiation belt dips nearest to Earth's surface (250 km) near South America and it is called
the South Atlantic Anomaly. It is the closest point that the surface of the Earth comes to the Van Allen
Radiation Belt. The increased flux of energetic particles exposes low Earth orbiting (LEO) systems higher
levels of radiation. The heart of the region is in the southern hemisphere of the Atlantic Ocean but the end
regions are dependent on the altitude of the spacecraft.
7.3.1.4

7.3.1.5

Polar region field aligned currents

TBD.
7.3.2

Effects

TBD.

8 Terrestrial environment
TBD.

8.1 Neutral atmosphere
TBD.
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8.1.1

Phenomenology

TBD.
8.1.1.1

Atmospheric layers

TBD.
8.1.2

Effects

TBD.
8.1.2.1

Atmospheric drag

TBD.
8.1.2.2

Atomic oxygen

TBD.
8.1.2.3

Vehicle glow

TBD.

8.2 Ionosphere
Region of the Earth's atmosphere in the height interval from 50 km to 1 500 km containing weakly ionized cold
plasma, both electrons and ions.
[ISO/DIS 16457(E), 2.1]
8.2.1

Phenomenology

TBD.
8.2.1.1

Ionospheric layers

TBD.
8.2.2

Effects

TBD.
Scintillation
Gradients in the total electron content (TEC) can be caused by traveling ionospheric disturbances, bubbles,
plumes, streams, or sharp borders. Small structures within the ionosphere are frequently associated with largegradient regions and can cause scintillation. For GPS users, scintillation is observed as amplitude and phase
fluctuations in the received signal. Severe scintillation effects in either amplitude or phase can cause a GPS
receiver to lose lock.
Large gradients in TEC and scintillation are primarily associated with the equatorial and polar regions.
However, large gradients in TEC and scintillation can be observed at mid-latitudes during moderate to severe
geomagnetic disturbances. Because the majority of GPS users are located at mid-latitudes, the disturbances
caused by large geomagnetic storms can potentially affect the average GPS user.
Knowledge of these TEC gradients is important to various GPS users. When a GPS signal encounters large
gradients in TEC, the ionospheric error in the range measurement is difficult to model and remove (required for
single-frequency GPS users), or in the case of differential GPS, it cannot be canceled out. For DGPS or RTK
users, differences as small as two TEC units over the baseline (one TEC unit is 1 × 1016 electrons m-2) can make
resolution of ambiguities difficult. (A TEC unit is approximately equivalent to 0.162 meters of range delay at
L1, or 1 meter of delay at L1 is equivalent to 6.159 TEC units).
8.2.2.1

8.2.2.2

Surface charging

TBD.
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9 Micrometeoroid and Debris environment
TBD.

9.1 Natural
Particles of natural origin that result from the disintegration and fragmentation of comets and asteroids, which
orbit around the Sun. [ISO 14200:2012(E), 3.11]

9.2 Artificial
Human-made objects, including fragments and elements thereof, in Earth’s orbit or re-entering the atmosphere
that are often non-functional components of spacecraft. There are currently more than half a million pieces of
space debris orbiting the earth. Forty percent of these objects are larger than a softball ball while the rest are
about the size of a marble. They all travel at speeds faster than 7,5 km/s and can severely damage a satellite.
There have been several incidents that have caused the creation of increased debris fields and, if left
unmonitored, will become a larger problem. [ISO 24113:2011, 3.17]
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Annex A

Space Weather Indices

Long-term and intermediate-term solar activity trends and levels that are associated with the magnetic energy
processes in the Sun from which nearly all geo-effective phenomena are derived can be estimated using solar
proxies and indices.

A.0

Example index (Full index title)

TBD
A.0.1 Description: content, derivation, assumptions, uncertainties & limitations

TBD
A.0.2 Application utility: application to system operation and maintenance

TBD
A.0.3 Contributors: Dates of development, authors/sponsors, collection frequency, locations or

instrument
TBD

A.0.4 Publication references: text references

TBD
A.0.5

A.1

Kp Index (Planetary K index)

TBD
A.1.1 Description

The Planetary K-index quantifies the disturbance in the horizontal component of Earth's main magnetic field. It
is derived from a network of geomagnetic observatories that record the maximum fluctuations of horizontal
components observed by magnetometers during three-hour intervals. The Kp ranges in 28 steps from 0 (quiet)
to 9 (disturbed) with intermediate values denoted by -, o, or +, resulting in 0o, 0+, 1-,1o, 1+, 2-, 2o, 2+, ..., 8-,
8o, 8+, 9-, and 9+. The value of 5 or more indicates a geomagnetic storm. [ISO 16698:2012(E), 2.4

A.2

Ap Index

TBD
A.2.1 Description

A three-hour UT amplitude index of geomagnetic variation equivalent to Kp. NOTE: It is expressed in 1 nT to
400 nT. [ISO/DIS 16457(E), 2.1]
A.2.2 Application Utility

TBD
A.2.3 Contributors

TBD
A.2.4 Publication Reference

TBD
A.2.5 Index Access

TBD
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A.3

Dst index (Storm time disturbance index)

TBD
A.3.1 Description

The Disturbance storm time index (Dst) estimates the globally averaged change of the horizontal component of
the Earth’s magnetic field at the magnetic equator based on measurements from four magnetic observatories.
The source of magnetic changes comes from the solar wind’s perturbation of the Earth’s magnetosphere and,
most prominently, the magnetospheric ring current. Severe, global perturbations are generically referred to as
magnetic storms while smaller events related to the reconfiguration of the Earth’s magnetosphere are called
sub-storms.
The Dst index is a measure of the axially symmetric part of the H component along geomagnetic equator on the
ground, and the main physical source is a combination of the equatorial ring current, the plasma sheet current
and the magnetopause current.
The Dst index is defined as the average of the disturbance variations of the H component, Di, at the four
observatories (i=1-4), which is listed in Table 6, divided by the average of the cosines of the dipole latitudes at
the observatories for normalization to the dipole equator. Dst is computed for each UT hourly interval from the
four observatories. [ISO/FDIS 16698:2012(E), 2.6]
A.3.2 Application utility

Determine the storm phase, level of magnetic storm intensity within the ring current. Effect of low-to-medium
energy ions that sweep toward the Earth from the magnetotail, under the influence of electric fields enhanced by
the merging process.
A.3.3 Contributors

Table A.3.3.1 – Four observatories contributing to the Dst index [ISO/FDIS 16698:2012(E), 2.6]
Observatory, Country

Code

GLat
(°N)

GLon
(°E)

Dipole
(°)

Kakioka, Japan

KAK

36.230

140.190

26.0

San Juan, USA

SJG

18.113

293.850

29.6

Honolulu, USA

HON

21.320

201.998

21.1

-34.425

19.225

-33.3

Hermanus,
Africa

South HER

Lat

A.3.4 Publication references
A.3.4.1 Sugiura [1964], Sugiura and Kamei [1991] http://wdc.kugi.kyoto-u.ac.jp/wdc/aedstcited.html
A.3.5 Index Access
A.3.5.1 http://wdc.kugi.kyoto-u.ac.jp/dst_realtime/index.html

A.4

Sunspot number (R)

TBD
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A.4.1 Description

The sunspot number (R, alternatively called Ri or Rz) is a daily index of sunspot activity, defined as
𝑅 = 𝑘(10𝑔 + 𝑠)
Where
s
is the number of individual spots;
g
is the number of sunspot groups;
k
is an observatory factor;
R12(Rz12) is the 12-month running mean of the sunspot number R. [ISO 14222/2013(E), B.2.3.1]
A.4.2 Application utility

Determine latitude and potential sites of activity.
A.4.3 Contributors
A.4.4 Publication references
A.4.5 Index access
A.4.5.1 Radio and Space Weather Services

Commonwealth of Australia 2014, Bureau of Meteorology, Radio and Space Weather Services, (ABN 92 637
533 532), http://www.ips.gov.au/Solar/1/6
A.4.5.2 Solar Influences Data Analysis Center

SIDC-team, World Data Center for the Sunspot Index, Royal Observatory of Belgium, Monthly Report on the
International Sunspot Number, online catalogue of the sunspot index: http://www.sidc.be/sunspot-data/
A.4.5.3 National Geophysical Data Center
A.4.5.4 Solar – Terrestrial Physics Division

http://www.ngdc.noaa.gov/nndc/struts/results?t=102827&s=1&d=8,4,9
A.4.5.5 European Space Agency (Daily)

http://space-env.esa.int/index.php/Daily-Sun-Spot-Number.html

A.5

F10.7

A.5.1 Description

F10.7 (abbreviated F10) is [a] traditional solar energy proxy. It corresponds to the solar radio flux emitted by
the Sun at 2 800 MHz (10,7 cm wavelength). The Sun emits radio energy with a slowly varying intensity. This
radio flux, which originates from atmospheric layers high in the Sun’s chromosphere and low in its corona
changes gradually from day-to-day in response to the number of spot groups on the disk. Solar flux density at
10,7 cm wavelength has been recorded routinely by radio telescope near Ottawa since February 14, 1947. Each
day, levels are determined at local noon (1700 GMT). Beginning in June 1991, the solar flux density
measurement source is Penticton, B.C., Canada. Its observations are available through the DRAO website and
all values are also archived at the Space Physics Interactive Data Resource (SPIDR).
Three sets of fluxes — the observed, the adjusted, and the absolute — are summarized. Of the three, the
observed numbers are the least refined, since they contain fluctuations as large as 7% that arise from the
changing Sun-Earth distance. In contrast, adjusted fluxes have this variation removed; the numbers in these
tables equal the energy flux received by a detector located at the mean distance between Sun and Earth. Finally,
the absolute levels carry the error reduction one step further; here each adjusted value is multiplied by 0,90 to
compensate for uncertainties in antenna gain and in waves reflected from the ground.
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NOTE: The physical units of F10.7 are 10-22 W m-2Hz-1; the numerical value is used without the multiplier as
is customarily done and expressed as solar flux units (sfu), i.e., a 10,7 cm radio emission of 150 × 10‑22 W m2
Hz-1 is simply referred to as F10.7 = 150 sfu.
F10.7 and the sunspot number, R, are correlated. Averaged (over one month or longer) values can be converted
by the following expression:
𝐹10.7 = 63.7 + 0.728𝑅 + 8.9 𝑥 10!" 𝑅# [ISO 14222/2013(E), B.2.3.2]
A.5.2 Application utility

The daily F10.7 solar proxy has a long history of use since 1947 and provides a range of variation with enough
resolution to see 27-day solar rotation variability. The 81-day smoothed F10.7 proxy highlights the evolution
and decay of solar magnetic active regions. The 365-day smoothed F10.7 proxy identifies the maximum and
minimum of solar magnetic field cycles.
A.5.3 Contributors
A.5.4 Publication Reference
A.5.5 Index Access

A.6

S10.7

A.6.1 Description

S10,7 (abbreviated S10) is a solar energy index of the integrated 26 – 34 nm solar Extreme Ultraviolet (EUV).
This EUV flux originates from the solar chromosphere and low corona. It is reported in units of 10-22 W m-2 Hz1
or sfu. For the JB2008 (ISO 14222) thermospheric density model it contributes 74,1% of the energy input into
the thermosphere.
As described by Tobiska et al. (2008) the S10,7 index is the integrated 26 – 34 nm solar irradiance that is
measured by the Solar Extreme-ultraviolet Monitor (SEM) instrument on the NASA/ESA Solar and
Heliospheric Observatory (SOHO) research satellite. SOHO has an uninterrupted view of the Sun by operating
in a halo orbit at the Lagrange Point 1 (L1) on the Earth-Sun line, approximately 1,5 million km from the Earth.
SEM was built and is operated by University of Southern California’s (USC) Space Science Center (SSC) PI
team (Judge et al., 2001). SOHO was launched on December 2, 1995 and SEM has been making observations
since December 16, 1995. The SEM instrument measured the 26 - 34 nm solar EUV emission with 15-second
time resolution in this first order broadband wavelength range. Since SOHO SEM, the NASA TIMED SEE and
SDO EVE instruments, along with GOES-13, -14, -15, -16, and -17 EUV and EXIS instruments have been
measuring this band.
The S10,7 index is created by first normalizing the data, then converting it to sfu via a first degree polynomial
fit with F10,7. Normalization is achieved for the 1 AU adjusted epoch values by division of a mean value over a
time frame common to multiple datasets. The mean value = 1,995 5 × 1010 photons cm-2 s-1. The common time
frame is December 16, 1995 to June 12, 2005, which is generally equivalent to solar cycle 23. [ISO
14222/2013(E), B.2.3.4]
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A.6.2 Application Utility
A.6.3 Contributors
A.6.4 Publication Reference
A.6.5 Index Access

A.7

M10.7

A.7.1 Description

M10,7 (abbreviated M10) is a solar energy proxy of the 160 nm solar Far Ultra-Violet (FUV). This FUV flux
originates from the solar photosphere. It is reported in units of 10-22 W m-2 Hz-1 or sfu. For the JB2008 (ISO
14222) thermospheric density model it contributes 10,3% of the energy input into the thermosphere.
A.7.2 Application Utility
A.7.3 Contributors
A.7.4 Publication Reference
A.7.5 Index Access

A.8

Y10.7

A.8.1 Description

Y10,7 (abbreviated Y10) is a solar energy index of the combined 0,1 – 0,8 and 121,5 nm solar flux. The 0,1 –
0,8 nm flux originates from the solar corona and the 121,5 nm flux originates from the solar chromosphere and
transition region. It is reported in units of 10-22 W m-2 Hz-1 or sfu. For the JB2008 (ISO 14222) thermospheric
density model it contributes 5,8% of the energy input into the thermosphere.
A.8.2 Application Utility
A.8.3 Contributors
A.8.4 Publication Reference
A.8.5 Index Access

A.9 GOES X-Rays
A.9.1 Description

The Soft X-ray (XUV) 0,1 – 0,8 nm measurement from the GOES satellite XRS instrument provides
operational users with flare information.
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A.9.2 Application Utility
A.9.3 Contributors
A.9.4 Publication Reference
A.9.5 Index Access

A.10 National Oceanic and Atmospheric Administration (NOAA) scales
A.10.1 Geomagnetic Storms (G1-5)

Description
The Geomagnetic Storms scale uses the measured Kp value to categorize the severity of disturbances in the
geomagnetic field caused by gusts in the solar wind that blows by Earth. (A.9.4.1). Kp value is described in
section A.1 Kp Index.
Kp Value
Severity
A.10.1.1

G5 (Extreme)

9

G4 (Severe)

8

G3 (Strong)

7

G2 (Moderate)

6

G1 (Minor)

5

Application utility
The geomagnetic storm index correlates the severity of the disturbance to potential impacts on operational
satellites and ground systems.
A.10.1.2

Contributors
The NOAA space weather scales website and definitions are maintained by NOAA / Space Weather Prediction
Center (SWPC).
Kp indices are issued twice per month by the German GeoForschungsZentrum (GFZ) (Research Center for
Geosciences).
A.10.1.3

A.10.2 Solar Radiation Storms (S1-5)

Description
The Solar Radiation Storms scale uses the elevated levels of radiation, measured flux level of greater than or
equal to 10 MeV particles (ions), which occur when the numbers of energetic particles increase to categorize
the severity of the storm. The flux levels are 5-minute averages. (A.9.5.1)
Flux Level
Severity
A.10.2.1

S5 (Extreme)

105

S4 (Severe)

104

S3 (Strong)

103
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S2 (Moderate)

102

S1 (Minor)

10

Application utility
The solar radiation storm scale correlates the severity of the storm to potential biological impacts during
suborbital flight and on operational satellites.
A.10.2.2

A.10.2.3

Contributors

A.10.3 Radio Blackouts (R1-5)

Description
The radio blackouts scale uses GOES X-ray peak brightness by class and by flux to categorize the severity of
potential disturbances of the ionosphere caused by X-ray emissions from the Sun. The flux is measured in the
0,1 – 0,8 nm range, in W m-2. (A.9.5.1)
Flux Level
Severity
A.10.3.1

R5 (Extreme)

X20 (2 x 10-3)

R4 (Severe)

X10 (10-3)

R3 (Strong)

X1 (10-4)

R2 (Moderate)
R1 (Minor)

M5 (5 x 10-5)
M1 (10-5)

Application utility
The radio blackouts scale correlates the severity of the radio blackout event to potential impacts on HF radio
communication and navigation.
A.10.3.2
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A.10.3.3

Contributors

A.10.4 Publication references
A.10.5 Index access
A.10.5.1

“NOAA Space weather Scales”, http://legacy-www.swpc.noaa.gov/NOAAscales/index.html

A.10.5.2

“New Scales Help Public, Technicians Understand Space Weather”, http://legacywww.swpc.noaa.gov/NOAAscales/EosNewScales.html

A.11 SBUV MgII c/w ratio
A.11.1 Description

A measure of the solar EUV variability describing chromospheric variations on time scales ranging from a solar
rotation (27 days) to the 11-year solar cycle created as a ratio between the chromosphere in H and K lines
centered near 280 nm and the corresponding wings of the absorption line. It’s value is that this ratio is
instrument independent.
A.11.2 Application Utility
A.11.3 Contributors
A.11.4 Publication Reference
A.11.5 Index Access
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Annex B

Space weather effects to systems by environmental region

Effects on operational space systems: Knowledge of long- and intermediate-term solar energetic processes are
useful for space systems’ programmatic planning (years to solar cycles), mission planning (months to years),
and de-orbit/re-entry planning (days to months) in a forecast context. Solar proxies and indices can help
operational users estimate the accumulated radiation hazard (dose), orbital lifetime changes (EUV modulated
satellite drag in LEO), and Ultraviolet (UV) degradation of spacecraft surface materials.
Knowledge of short-term solar energetic processes are useful for space systems’ activity planning (hours to
days) and activity execution (minutes to hours) in a forecast context. Knowledge of flare and CME events is
often important for post-event analysis (hours to months) in recent historical context. Flare and CME
observations or measurements can help operational users estimate the accumulated radiation hazard (dose),
orbital impulsive changes (EUV and high-latitude heating modulated satellite drag in LEO), surface and internal
charging susceptibility in MEO and GEO as well as LEO polar regions, single event upset and latch-up anomaly
analysis for semiconductor devices, deterioration of solar array power (SAP), and Ultraviolet (UV) degradation
of spacecraft surface materials or optical sensor properties.
Solar energetic particles (SEPs) and GCRs directly modulate the radiation environment from Deep Space,
through GEO, MEO, LEO down into lower atmosphere layers reaching the surface of the Earth. GCRs provide
a tissue-relevant and Silicon-relevant radiation background that varies inversely with the solar cycle; upon this
slowly changing background are SEP events that additionally increase the tissue/Silicon radiation risk for
aircrew, frequent flyers, prenatal fetuses, commercial space travelers, and astronauts.

B.1

Ground

B.1.1 Geomagnetically – induced currents (GICs)

Flow along electric power-transmission systems and other electrically-conducting infrastructure. GICs are
produced by the induced magnetic field variation caused by geomagnetic disturbances such as CMEs. These
disturbances result in power transients that can overload transformers or other sensitive power conditioning
hardware.

20

B.1.2 Communication outages (HF & L-band)
B.1.3 Navigation uncertainty (GPS)
B.1.4 Scintillation
B.1.5 Resources

B.2

Lower Atmosphere (0–15 km)

B.2.1 Loss of communications due to disturbed ionosphere
B.2.1.1 HF radio communications (solar flares navigation uncertainty)
B.2.2 Degraded navigation - scintillation
B.2.3 Health risk due to the radiation environment

B.3

Middle Atmosphere (15–85 km)

B.3.1 Loss of communications due to disturbed ionosphere
B.3.1.1 HF radio communications (solar flares navigation uncertainty)
B.3.2 Degraded navigation - scintillation
B.3.3 Health risk due to the radiation environment

B.4

Suborbital

B.4.1 Aerodynamic Effects

Suborbital vehicles can experience aerodynamic lift, drag, and heating effects.
B.4.2 Single event effects (SEE)
B.4.3 Total dose effects
B.4.4 Lower magnetic field regions
B.4.5 Atomic Oxygen

B.5

Low Earth orbit

B.5.1 Aerodynamic drag

The orbital decay rate of the space vehicle increases as solar activity increases and causes the atmospheric
density to increase.
B.5.2 Single-event effects (SEE)

Single-event effects in low Earth orbit have an increased probability of occurrence when the satellite crosses the
South Atlantic anomaly where there is a high quantity of trapped radiation caused by the weak geomagnetic
field.
A single-event effect is a malfunction or failure of an electronic component on the spacecraft caused by highenergy protons and GCRs. A spacecraft’s susceptibility is determined by components survivability and hardness
rating. There are three types of single event effects: i) single-event upset (SEU) which is signified by a non21

destructive software error or bit flip; ii) single-event latch up (SEL) is a non-destructive hardware error which
can cause excessive current draw; and iii) single-event burnout (SEB) is a destructive hardware failure or frozen
software bit.
B.5.3 Space vehicle surface and internal charging

Due to naturally occurring space plasma the space vehicle will accumulate electrons and protons which once
built up can discharge and damage the space vehicle.
B.5.4 Total dose effects

When the total ionizing dose (TID) of a material is reached, the material becomes ionized. The ionization can
then cause energy loss per path length also known as linear energy transfer (LET).
The amount of radiation that results is displacement damage (DD). The displacement also can cause energy loss
per path length called non-ionizing energy loss (NIEL).
B.5.5 Atomic oxygen

Atomic oxygen is a chemically reactive element that can cause sensor and surface degradation when the
spacecraft and sensors are exposed for long durations.
B.5.6 Lower magnetic field regions

In regions of low or weak geomagnetic field, including the South Atlantic anomaly and dipole regions, radiation
expelled from solar events can become trapped and increase the chance of a single event effect.
B.5.7 Micrometeoroid/orbital debris

Debris, both human-made and naturally occurring, can cause non-threatening structural damage or total
spacecraft loss depending on the size, mass, direction, and velocity of the impact.
Collision avoidance maneuvers are often conducted to ensure the safety of the spacecraft to avoid a total loss of
the spacecraft.
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B.5.8 Resources
B.5.8.1 European Space Agency, Space Debris, Website:

http://www.esa.int/Our_Activities/Operations/Space_Debris
B.5.8.2 National Aeronautics Space Administration, Johnson Space Center, Orbital Debris Program Office,

2012/10/02, Website: http://orbitaldebris.jsc.nasa.gov/index.html
B.5.8.3 ISO 14200 Space environment (natural and artificial) – Guide to process-based implementation of

meteoroid and debris environmental models (orbital altitudes below GEO + 2 000 km)

B.6

Mid-Earth orbit

B.6.1 Single event effects
B.6.2 Total dose effects
B.6.3 Space vehicle surface and internal charging
B.6.4 Micrometeoroid/orbital debris
B.6.5 Resources

B.7

Geostationary Earth orbit

B.7.1 Single event effects
B.7.2 Total dose effects
B.7.3 Space vehicle surface and internal charging
B.7.4 Micrometeoroid/orbital debris
B.7.5 Resources

B.8

High Earth orbit

B.8.1 Single event effects
B.8.2 Total dose effects
B.8.3 Space vehicle surface and internal charging

Many space-grade electronic components (integrated circuits, surface-mount packaging, ball-grid arrays,
column grid arrays, etc.) are highly delicate and are vulnerable to electrostatic discharge and, more importantly,
the effects of radiation in GEO. Typically, ungrounded radiation shields are used to provide protection from the
effects of radiation. Without proper grounding of these shields, they can build charge and cause an Electrostatic
Discharge (ESD) event. ESD events of this nature can be damaging to electronics and could lead to hardware
failure on-orbit.
Radiation protection can be designed into the electronics package by means of an integrated radiation shield that
is built right into the component, using heavy metals (such as lead). The heavy metal is placed in the same
direction as the incoming radiation. If the radiation threat is coming from multiple angles (for example: rotating
spacecraft), this would have to be taken into account during the Survivability analysis of the space system.
Either a total shield at the component level, covering almost 360 degrees around the package would be required
(Faraday cage) or system level protections, such as a radiation shield spanning an entire side of a spacecraft.
Unfortunately, many spacecraft electronics manufacturers do not build in radiation protection into their
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components. This requires the electronics assembly designers to implement Radiation Shields directly on top of
electronic components. The mechanical assembly of the shied typically requires non-conductive epoxy bonding
to be placed between the top of the electronic component housing and the bottom of the radiation shield. The
bondline between the two surfaces acts as electrical isolation between the two systems. The electronic
components are typically internally grounded and, therefore do not require external grounding. However, the
radiation shields are not grounded (they are pieces of metal), and since it has been non-conductively bonded to
the electronic component, it is now floating metal that has the ability to build charge. Without adequate
grounding, the charge would build up to the point of uncontrolled discharge; an ESD event would be inevitable.
This ESD event could be strong enough to damage the component the radiation shield is there to protect, or
surrounding circuitry.
The most important lesson here is to ensure that all floating metal greater than a size predetermined by the
Survivability department], needs to be grounded; the charge that is built up on the floating metal needs a place
to go. There are multiple ways one can ground floating metal. Here are a few common methods of “bleeding”
away the charge: i) a wire can be attached (soldered or conductively bonded) to the floating metal and a ground
terminal; ii) if the top-side of the electronic component is electrically conductive (and attached to ground), the
radiation shied can be conductively bonded to the electronics package; and iii) a conductive bonding material
(consistency of toothpaste) can be used to connect the floating metal to a ground pad on the Printed Wiring
Board.
Visually, it looks like a torque-stripe. The best way to avoid ESD events caused by radiation shields (floating
metal), is to select electronic components that have built in radiation shielding that is already grounded. If
radiation shields are required in the design, ensure an ESD analysis is performed by the Survivability/Reliability
team to determine the grounding requirements. Work with manufacturing to ensure the assembly instructions
are clear if manual assembly is required; more importantly, ensure the inspection team has the proper tools
required to inspect for the grounding of all floating metal. Preference would be to automate all electronic
grounding operations to avoid operator error/omission that could lead to floating metal sent to GEO. Designers,
both electrical and mechanical, should do their best to use packaged components that have integrated
(grounded) radiation shields built into them. Adding wires, stripes, bonding material overly complicates the
assembly process and leads to more opportunities for failure.
B.8.4 Micrometeoroid/orbital debris
B.8.5 Resources

B.9

Interplanetary orbits

B.9.1 Single event effects

SEEs for spacecraft in interplanetary orbits are primarily caused by high energy solar particles. While in
interplanetary transfer orbits, spacecraft do not benefit from the shielding effect of the magnetosphere, which
partially blocks cosmic radiation
We can therefore expect spacecraft in interplanetary orbits to primarily experience SEEs through galactic
cosmic rays. These will have similar effects to those outlined in C.5.2, but with higher incident energies.
Passing through the cloud formed by a solar coronal mass ejection (CME) would cause a significant number of
SEEs.
B.9.2 Total dose effects
B.9.3 Resources
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Annex C

Online space weather glossaries

•

Space Weather Glossary is a collaborative project of Space Environment Technologies (SET) and the University of
Colorado-Boulder Space Weather Technology Research and Education Center (SWx TREC).
o https://spacewx.com/glossary/

•

Space Weather Glossary is a page provided by the U.S. National Oceanic and Atmospheric Administration
(NOAA) Space Weather Prediction Center (SWPC).
o https://www.swpc.noaa.gov/content/space-weather-glossary

•

Glossary of Space Weather related terms is a PDF file provided by the U.S. National Aeronautics and Space
Administration (NASA) Goddard Space Flight Center (GSFC) Community Coordinated Modeling Center (CCMC).
o https://ccmc.gsfc.nasa.gov/RoR_WWW/presentations/Glossary_of_Space_Weather_terms.pdf

•

Space Weather Glossary is a page provided by SpaceWeather.com.
o https://www.spaceweather.com/glossary/MobileGlossary.html

•

Space Weather Glossary is a page provided by the U.K. Met Office.
o https://www.metoffice.gov.uk/weather/learn-about/space-weather/glossary

•

Glossary is a page provided by the European Space Agency.
o https://swe.ssa.esa.int/glossary

•

A Glossary of Space Weather Terms is a page provided by the Swedish Institute of Space Physics.
o http://www.lund.irf.se/HeliosHome/spacew9.html
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