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Foreword

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.

The procedpres—tsed—to—develop—th CHeRt—at ose—intendedforitsfurthermaintenanee are
described i1} the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in accordande\with the
editorial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is|drawn to the possibility that some of the elements of this document may be’the subj¢ct of
patent right. ISO shall not be held responsible for identifying any or all such patent rights. Details gf any
patent rightjs identified during the development of the document will be in the Introduction and/pr on
the IS0 list ¢f patent declarations received. www.iso.org/patents

Any trade npme used in this document is information given for the conyvenience of users and doefs not
constitute ah endorsement.

The committee responsible for this document is ISO/TC 20, Aircraft and space vehicles, Subcommiittee
SC 14, Space|systems and operations.
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Introduction

This International Standard provides guidelines for determining the Earth’s upper atmosphere
properties (above 120 km). A good knowledge of temperature, total density, concentrations of gas
constituents, and pressure is important for many space missions exploiting the low-earth orbit (LEO)
regime below approximately 2 500 km altitude. Aerodynamic forces on the spacecraft, due to the
orbital motion of a satellite through a rarefied gas, which itself can have variable high velocity winds,
are important for planning satellite lifetime, maintenance of orbits, collision avoidance maneuvering
and debris monitoring, sizing the necessary propulsion system, design of attitude control system, and
estimating the peak accelerations and torques imposed on sensitive payloads. Surface corrosion effects
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Space environment (natural and artificial) — Earth
upper atmosphere

1 Scope

This International Standard specifies the structure of Earth’s atmosphere above 120 km, provides

acceymnmmmmmmrmmm, 3
the details of those models. Its purpose is to create a standard method for specifying Earth

prop
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erties (densities, etc.) in the low Earth orbit regime for space systems and materials ug

Terms and definitions

he purposes of this document, the following terms and definitions apply.

psphere
n of the atmosphere that is well mixed, i.e. the major specties concentrations are ind
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1 to entry: This region extends from 0 to ~100 km, and includes the temperature-defing

de, depending on selar and geomagnetic activity levels

phere
n of the atmesphere that extends from the top of the thermosphere outward

MSISE-00

b to describe
atmosphere
ers.

ependent of

bd regions of

oposphere (surface up to ~8 - 15 km altitude), the stfatosphere (~10 - 12 km up to 50 km gltitude ), the
sphere (~50 km up to about 90 km altitude), and thedowest part of the thermosphere.

rosphere

on of the atmosphere, above ~125 Kni, where diffusive separation of species dominates and
spheric composition depends on height

mosphere

n of the atmosphere between the temperature minimum at the mesopause (~90 km) and the

de where the vertical scale height is approximately equal to the mean free path (400 - 600 km)

Nav4

I'Research Labatory Mass Spectrometer, Incoherent Scatter Radar Extended Mo

del

model that describes the neutral temperature and species densities in Earth’s atmosphere

Note 1 to entry: It is based on a very large underlying set of supporting data from satellites, rockets, and radars,
with extensive temporal and spatial distribution. It has been extensively tested against experimental data by the
international scientific community. The model has a flexible mathematical formulation.

Note 2 to entry: It is valid for use from ground level to the exosphere. Two indices are used in this model: F1¢.7
(both the daily solar flux value of the previous day and the 81-day average centred on the input day) and 4;
(geomagnetic daily value).

Note
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2.6

JB2008

Jacchia-Bowman 2008 Model

model that describes the neutral temperature and the total density in Earth’s thermosphere and exosphere

Note 1 to entry: Its new features lead to a better and more accurate model representation of the mean total
density compared with previous models, including the NRLMSISE-00.

Note 2 to entry: It is valid for use from an altitude of 120 km to 2 500 km in the exosphere. Four solar indices and
two geomagnetic activity indices are used in this model: F1¢g 7 (both tabular value one day earlier and the 81-day
average centred on the input time); S1¢.7 (both tabular value one day earlier and the 81-day average centred on

the input time); M1g 7 (both tabular value five days earlier and the 81-day average centred on the input time); Y19.7
(both tabulay value five days earlier and the 81-day average centred on the input time); a;, (3 hour tabulanvplue);
and Dst (conyerted and input as a dTc temperature change tabular value on the input time).

Note 3 to ent'y: See Referencel2]

2.7

HWMO07

Horizontal [Wind Model

Comprehengive empirical global model of horizontal winds in the mesosphére and thermosphere
(middle and|upper atmosphere).

Note 1 to entfy: Reference values for the ap index needed as input for the wind model are given in Annex A.

Note 2 toentrfy: HWMO07 doesnotinclude adependence on solar EUVirradiance. Solar cycle effects on thermosyheric
winds are generally small during the daytime, but can exceed 20 m/s atnight.

Note 3 to erftry: HWMO07 thermospheric winds at high geomaghetic latitudes during geomagnetically [quiet
periods should be treated cautiously.

Note 4 to entl'y: See Referencel3]

2.8

Earth GRAM 2010

Earth Globa] Reference Atmosphere Models (fatest version is GRAM 2010) produced on behalf of NASA,
that describj the terrestrial atmosphere from ground level upward for operational purposes

Note 1 to entfy: GRAM 2010 provides a global reference terrestrial atmosphere model based on a combinatjon of
empirically based models that repreSent different altitude ranges up to ~120 km. The upper atmosphere sgction
above ~120 km has the option of-three different atmosphere models, the Marshall Thermosphere (MET-07),
the Naval Repearch Laboratory Mass Spectrometer, Incoherent Scatter Radar Extended (NRLMISE-00) and the
Jacchia-Bowrhan (JB-2008) model. In addition the NRL1993 Harmonic Wind Model (HWM-93) is included fqr use
in conjunctiop with the NREMISE-00.

Note 2 to enfry: These'models are available via license from NASA to qualified users and provide usability and
information qualitysimilar to that of the NRLMSISE-00 Model. Earth GRAM 2007 includes options for NRLMS]S-00,
HMW-93, and ]B2006 models.

Note 3 to entry: See Referencel4l.

29
DTM-2009

Drag Temperature Model 2009

model that describes the neutral temperature and major and some minor species densities in Earth’s
atmosphere between an altitude of 120 km to approximately 1 500 km

Note 1 to entry: DTM-2009 is based on a large database going back to the early ‘70s, essentially the same that was
used for NRLMSISE-00 except for the radar data. In addition, high-resolution CHAMP and GRACE accelerometer-
inferred densities are assimilated in DTM-20009.

Note 2 to entry: DTM-2009 is valid from an altitude of 120 km to approximately 1 500 km in the exosphere. Two
indices are used in this model: F1¢ 7 solar flux (both daily solar flux of the previous day and the 81-day average
centred on the input day) and Kp (3-hour value delayed by three hours, and the average of the last 24 hours).

2 © IS0 2013 - All rights reserved
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Note 3 to entry: The DTM model codes (DTM-94, DTM-2000, DTM-2009) are available for download on the ATMOP
project websitel).

Note 4 to entry: See Referencels]

3 Symbols and abbreviated terms

ap the 3-hour planetary geomagnetic index, in units nT
Ap the daily planetary geomagnetic index, in units nT
CIRA COSPAR International Reference Atmosphere

COSHAR Committee on Space Research

Dst the hourly disturbance storm time ring current index, in units nT
F1o the F10.7 solar proxy, in units of solar flux, x 10-22 W m-2

Mio the M1 7 solar proxy, in units of solar flux, x 10-22 W m-2

S10 the S10.7 solar index, in units of solar flux, x 10-22 W m2

URSI International Union of Radio Science

Y10 the Y107 solar index, in units of solar flux, x1022W m-2

4 General concept and assumptions

4.1 | Earth atmosphere model use

The NRLMSISE-00 model [1] should bewsed for calculating both the neutral temperature and|the detailed
composition of the atmosphere.

The |B2008 model [2] shouldbe-used for calculating the total atmospheric density above ap altitude of
120 km, for example as used inh determining satellite drag in LEO.

The Earth-GRAM model-2010 [4] may be used for calculating the total atmospheric densjty above an
altityde of 120 km,for-example as used in determining satellite drag in LEO.

The PTM-2009.[5Mmay be used for calculating the total atmospheric density above an altitude of 120 km,
for example aswised in determining satellite drag in LEO.

For gltitudes below 120 km, NRLMSISE-00 or Earth GRAM 2010 should be used for calfulating the
totallairdensity.

NOTE This usage follows the advice of the CIRA Working Group, sponsored by COSPAR and URSI, and
following the resolution of the Assembly of COSPAR in Montreal in July 2008.

4.1.1 Application guidelines

a) The NRLMSISE-00 model for species densities should not be mixed with the ]JB2008, Earth GRAM
2010 or DTM-2009 model for total density.

b) For worst-case high solar activity results and analysis periods not exceeding 1 week, high daily
short-term values given in Annex A should be used as input for daily activity together with the high
long-term values for the 81-day average activity.

1) http://www.atmop.eu/downloads.php

© IS0 2013 - All rights reserved 3


http://www.atmop.eu/downloads.php
https://standardsiso.com/api/?name=6bca6a49cdc8f3bad083f30a2a9760cf

ISO 14222

used as

average

e)

:2013(E)

input for both the daily and the 81-day averaged values.

d solar activities given in Annex A should be used.

term solar activity values.

NOTE 1

For analysis periods longer than 1 week the long-term solar activities given in Annex A should be

For analysis periods longer than 1 week and conditions specified in Annex A, the daily and 81-day

Short-term daily high solar activity values should not be used together with low or moderate long-

The JB2008, NRLMSISE-00, and Earth GRAM 2010 models can only predict large scale and slow

variations in the order of 1 000 km (given by the highest harmonic component) and 3 hours. Spacecrafts can
encounter density variations with smaller temporal and spatial scales partly since they are in motion (for

example, +100% or -50% in 30 s), and partly because smaller-scale disturbances certainly occur duringpe
of disturbed geomagnetic activity.

NOTE 2

NOTE 3

NOTE4 1

NOTE5 Fq
combined wi

NOTE 6

4.2 Earth
The HWMO]

High daily s}
day average

NOTE1 R{

The F10.7 81-day average solar activity can also be estimated by averaging threejsuecessive mo
predicted values.

High Dst values can be used corresponding to low, moderate or high solar activities.

ormation on density model uncertainties can be found in Annex A and jn-Referencesll] and.[2]

r high solar activities, the atmosphere models only give realistic results if high short-term valu
th high 81-day averaged values.

wind model use
' wind model [3] should be used.

nort-term solar activity values should beused as worst-case for the daily activity but th
activity should not exceed the high long-term value.

ference values for the key indices needed as inputs for the wind model are given in Annex A.

NOTEZ2 T

predicted values as given in Annex A.

NOTE 3
necessitates

4.3 Robu

The Earth’s
adapted and
quality data|

The use of the HWMO07 medel at high geomagnetic latitudes and for disturbed geomagnetic pe

e F10.7 81-day average solar activity can also be estimated by averaging three successive mo

Caution in the interpretation of model results.

stness of standard

upper atmosphere models described in this International Standard are intended f{
| improved over time as the international scientific community obtains and assesses
onshe upper atmosphere. Therefore, the users of the models described should ensure

riods

Reference values for the key indices needed as inputs for the atmosphere models are givénin Anmex A.

nthly

PS are

e 81-

nthly

riods

o be
high
they

are utilizing

the latest version of the respective models.
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Annex A
(informative)

Neutral atmospheres

Structure of the Earth’s atmosphere

The
collig
divid

ion rates among atoms and molecules. For the purposes of the document, the atmosphe
ed into three regimes based on all three properties, as shown in Figure A.1:

i) The homosphere is the portion of the atmosphere that is well mixed, li.e. the m

conc

entrations are independent of height and location. This region extends-from 0 to ~]

incl

es the temperature-defined regions of the troposphere (surface up.to ~8 - 15 km 4

stratosphere (~10 - 12 km up to 50 km altitude ), the mesosphere (~50.J«m up to about 90 }
and part of the thermosphere.

ii) The thermosphere is the region between the temperature nfinimum at the mesopause (4
the alltitude where the vertical scale height is approximately equal to the mean free path (4

altit
iii) T

In pr

de, depending on solar and geomagnetic activity levels).
he exosphere extends from the top of the thermgsphere into space.

actice, the boundaries between these regions;whether determined in altitude or in a

ordiate system, vary with solar, seasonal, latitudinal, and other conditions.

Due

N», 4
mini
knov

fo winds and turbulent mixing the homosphere has a nearly uniform composition of
0,9% 02, and 0,9% Ar. The tempefature profile of the thermosphere increases rap
mum of ~180 K at the mesopause) then gradually relaxes above ~200 km to an asym
/n as the exospheric temperature.

Farth’s atmosphere can be classified into different regions based on temperature, Coanosition, or

reis broadly

hjor species
00 km, and
Ititude), the
(m altitude),

90 km) and
00 - 600 km

pressure co-

hbout 78,1%
dly above a
ptotic value
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A.2 Development of models of the Earth’s atmosphere

A “Standard
and density,
The first “St]
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and rocket (
and publish
descriptiong
by organiza
World War

internations
ionosphere,

Currently sq
Standard Af

2013(E)
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igure A.1 — Representative temperature profile of the Earth’s atmosphere

Atmosphere” is defined as a vertical distribution of atmospheric temperature, pres
which by international agreementis taken to be representative of the Earth’s atmosp
andard Atmospheres” established by international agreement were developed in the 1
r purposes of pressure altimeter calibrations, aircraft performance calculations, air
lesign, ballistic tables, et¢. Later, some countries, notably the United States, also devel

tions for specifig-applications, especially as the aerospace industry began to mature
[[. The term “Standard Atmosphere” has in recent years also been used by nationa

atomic oxygen, aerosols, ozone, winds, water vapour, planetary atmospheres, etc.

me,o0fthe most commonly used Standard and Reference Atmospheres (6] include: the

COSPAR Inte

bd “Standard Atmospheres”. The term “Reference Atmosphere” is used to identify ver
of the atmospherge for specific geographical locations or globally. These were developed

| organizations to describe vertical descriptions of atmospheric trace constituenty,

sure,
here.
920s
craft
oped
tical

after
and
the

ISO
the

mosphere 1975 1982 the U. S. Standard Atmosphere Supplements 1962 1966 1976

A11965

and CIRA 1972) the NASA/MSFC Global Reference Atmosphere Model Earth GRAM 2010 (prev1ously
issued as GRAM-86, GRAM-88, GRAM-90, GRAM-95, GRAM-99 and GRAM-07); the NRLMSISE-00
Thermospheric Model, 2000 (previously issued as MSIS-77, -83, -86 and MSISE-90); and most recently
the JB2006 and JB2008 density models.
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A.3 NRLMSISE-00 and JB2008 — Additional information

A.3.1 The Mass Spectrometer and Incoherent Scatter (MSIS) series of models developed be-
tween 1977 and 1990 are used extensively by the scientific community for their superior de-
scription of neutral composition. The models utilized atmospheric composition and temperature
data from instrumented satellites and ground-based radars. The initial MSIS 1977 model utilized
a Bates-Walker temperature profile (which is analytically integrable to obtain density), and al-
lowed the density at 120 km to vary with local time and other geophysical parameters to fit the
measurements. The temperature and density parameters describing the vertical profile were ex-
panded in terms of spherical harmonics to represent geographic variations. Subsequent versions
of the model include the longitude variations, a refined geomagnetic storm effect, imgroved high
latityde, high solar flux data, and an extension of the lower boundary down to sea level.

The NRLMSISE-00 model represents atmospheric composition, temperature, and total- mass dlensity from
the ground to the exosphere. Its formulation imposes a physical constraint ofdhydrostatic|equilibrium
to prjoduce self-consistent estimates of temperature and density. NRLMSISE-00"includes the following
enhancements compared to MSISE-90:

i) rag data based on orbit determination,

ii) 1nore recent accelerometer data sets,

iii) mewtemperature dataderived from Millstone Hilland Arecibo incoherentscatter radar opservations,

iv) o¢bservations of Oz by the Solar Maximum Mission (SMM), based on solar ultraviolet ocfultation,

v) 4 new species, “anomalous oxygen,” primarily for‘drag estimation, allows for appreciable O+ and hot
tomic oxygen contributions to the total mass-density at high altitudes.

A.3.2 The Jacchia-Bowman density (JB2008) model is based on the Jacchia model Heritage.

[t in¢ludes two key novel features. Firstly, there is a new formulation concerning the semi-
annyal density variation observed itrthe thermosphere, but not previously included jn any of
the §emi-empirical atmospheric models. Secondly, there is a new formulation of solat indices,
relating more realistically the«ependence of heat and energy inputs from the solar rpdiation

to specific altitude regions,.and heating processes within the upper atmosphere. The [Dst index
(equlatorial magnetic perturbation) is used in JB2008 as the index representing the geomagnet-
ic activity response. JB2008 inserts the improved ]70 temperature formulations intojthe CIRA
1972 model to permitiintegrating the diffusion equation at every point rather than r¢lying on
looktup tables (the integration must be done numerically, in contrast to the analytically integra-
ble Bates-Walkertemperature formulation used in MSIS). In order to optimally reprgsent the
orbif-derived mass density data on which JB2008 is based, the model formulation sagrifices the
phydical eenstraint of hydrostatic equilibrium since it does not include all physical processes
thatmay-dctually be present in thermosphere affecting temperatures and densities.

A.4 The series of GRAM atmospheric models

The National Aeronautics and Space Administration’s NASA/MSFC Global Reference Atmospheric Model
version 2007 (Earth GRAM 2010) is a product of the Natural Environments Branch, NASA Marshal
Space Flight Center. These models are available via license to qualified users and provide usability and
information quality similar to that of the NRLMSISE-00 Model. Like the previous versions of GRAM, the
model provides estimates of means and standard deviations for atmospheric parameters such as density,
temperature, and winds, for any month, atany altitude and location within the Earth’s atmosphere. GRAM
can also provide profiles of statistically-realistic variations (i.e., with Dryden energy spectral density)
for any of these parameters along computed or specified trajectory. This perturbation feature makes
GRAM especially useful for Monte-Carlo dispersion analyses of guidance and control systems, thermal
protection systems, and similar applications. GRAM has found many uses, both inside and outside

© IS0 2013 - All rights reserved 7
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the NASA community. Most of these applications rely on GRAM’s perturbation modeling capability
for Monte-Carlo dispersion analyses. Some of these applications have included operational support
for Shuttle entry, flight simulation software for X-33 and other vehicles, entry trajectory and landing
dispersion analyses for the Stardust and Genesis missions, planning for aerocapture and aerobraking
for Earth-return from lunar and Mars missions, six-degree-of-freedom entry dispersion analysis for the
Multiple Experiment Transporter to Earth Orbit and Return (METEOR) system, and more recently the
Crew Exploration Vehicle (CEV). Earth GRAM 2010 retains the capability of the previous version but
also contains several new features. The thermosphere has been updated with the new Air Force JB2008
model, while the user still has the option to select the NASA Marshall Engineering Thermosphere (MET)
model or the Naval Research Laboratory (NRL) Mass Spectrometer, Incoherent Scatter (MSIS) Radar
Extended Model.

A.5 Atmg¢sphere model uncertainties and limitations

For mean ac
short-term 4
100 %. With
a similar un

For mean a
the thermod
high solar d
correspondi
some activit

It should be

tivity conditions, the estimated uncertainty of the NRLMSISE-00 species defisity is 159
nd local-scale variations, the estimated uncertainty of the NRLMSISE-00 species dens
in the homosphere (below 90 km), the uncertainty is below 5 %. The Earth GRAM 201
certainty within the homosphere.

'tivity conditions, the estimated standard uncertainty of the JB2008 total density w
phere is in the order of order 10 % (depending on altitude)_For extreme conditions
r geomagnetic activities), this uncertainty can considerably increase due to the la
ng measurement data. The total density can have +/- 100 % variation at 400 - 500 ki
ies and locations.

hoted that the models’ accuracy of prediction of atmospheric density and other paramet

limited by t

e complex behaviour of the atmosphere, and the ¢auses of variability. While certain asj

.For
ity is
D has

ithin
[very
ck of
m for

brsis
bects

here
re. In
with
bital
mate
h the
cy of
f the
ivity.

of atmosphdric variability are more or less deterministic; meteorological variations of the homosy
are difficulto predict more than 3 - 5 days in advanee, and yet have effects on the thermosphe
the thermogphere, the response to varying solar and-geomagnetic activity is complex, particularly
respect to the latter. Upper atmosphere densitytmodels can be used for prediction of future oj
lifetime, either to determine the orbital altitude insertions to ensure a given lifetime, or to esti
energy requirements for maintaining a particular orbit, for a particular spacecraft/satellite. Whe
sun is activg, the primary influence on the accuracy of a model’s density output will be the accurg
the future pfredictions of solar and geomagnetic activity used as inputs, rather than the accuracy d
specific model in representing the density versus altitude as a function of solar and geomagnetic act

A.6 HWMO7 additionalinformation

The HWM s
a truncated
was intende

bries of models empirically represent the horizontal neutral wind in the atmosphere, fising
set of ve€tor spherical harmonics. The first edition of the model released in 1987 (HWM87)
d forawinds above 220 km. With the inclusion of wind data from ground-based incohg¢rent
scatter radqr, MF/Meteor radar data, and Fabry-Perot optical interferometers, HWM90 was extended
down to 100 Kim. HWM93 extended the model down to the ground. HWMO7 is the most recent vefsion
of the HWM, and includes substantial new space-based data obtained since the early 1990s. Solar
cycle variations are included in the earlier models, but they are found to be small and not always very
clearly delineated by the current data; HWMO07 does not depend on solar activity. HWMO07 significantly
improves the model’s reliability in the lower thermosphere (90 - 200 km), and under geomagnetically
disturbed conditions. However, during quiet conditions, the model does represent polar thermospheric
vortices in full detail. The model describes the transition from predominately diurnal variations in the
upper thermosphere to semidiurnal variations in the lower thermosphere and a transition from summer
to winter flow above 140 km to winter to summer flow below. The model software provides zonal and
meridional winds for specified latitude, longitude, altitude, time, and 3-hour ap index.
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A.7 Reference data

NRLMSISEOOaltitude profilesatequatoriallatitude oftemperatureand numberdensities (concentrations)
are listed in Figure A.1, Table A.1, and Table A.2 for low solar and geomagnetic activities (F10.7 = F10.7avg
= 65, Ap = 0), moderate solar and geomagnetic activities (F10.7 = F10.7avg = 140, Ap = 15), and high long
term solar and geomagnetic activities (F10.7 = F10.7avg = 250, Ap = 45), respectively. The tables cover both
homospheric and heterospheric altitudes from ground level up to 900 km, averaged over diurnal and
seasonal variations. Figure A.1 provides a representative altitude profile of the temperature. Figure A.2
shows the atomic oxygen number densities at low, moderate and high long-term activity conditions. For
moderate activity levels, Figure A.3 shows the logarithmic number concentration profiles of the main
atmospheric constituents.

JB20D8 short-term, intermediate-term and long-term solar variability reference valuesjaré|provided in
Tablgs A.4, A.5, and A.6. Figure A.4 shows the variation of the JB2008 mean air densitywith altitude for
low ([F10.7 = F10.7avg = 65, S10.7 = S10.7avg = 60, M10.7 = M10.7avg = 60, Y10.7 = Y10.7avg ¥60,4p = P, Dst = -15),
moderate (F10.7 = F10.7avg = 140, S10.7 = S10.7avg = 125, M10.7 = M10.7avg = 125, Y207~ Y10.7av = 125, Ap =
15, Dst = -15), high long-term (F10.7 = F10.7avg = 250, S10.7 = S10.7avg = 220, M0\ = M10.7avg 9 220, Y10.7 =
Y10.7hvg = 220, Ap = 45, Dst = -100), and high short-term (F10.7 = 300, F10.7avg =250, S10.7 = 285, $10.7avg =
220, M10.7 = 240, M10.7avg = 220, Y10.7 = Y10.7avg = 220, Ap = 240, Dst = -300} solar and geomagnietic activity.
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Figure-A.2 — NRLMSISEQO mean atomic oxygen for low, moderate, and high long-term solar and
geomagnetic activity
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Figure A.3| — NRLMSISE0O mean concentration of atmosphere constituents for moderate splar
and geomagnetic activity
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Figure A.4 — JB2008 mean air density with altitude for low, moderate, and high long- and short-
term solar and geomagnetic activity
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Table A.1 — Altitude profiles of the atmosphere constituents from NRLMSISE-00 for low solar
and geomagnetic activities

H NyE
(km) | (m-3)

no (m-3)

nn2
(m-3)

no2
(m-3)

naR
(m-3)

ny (m-3)

ny (m-3)

NAnomal

0
(m3)

T(K)

P

(kg.m3)

0 1.17E+20

0.00E+00

1.74E+25

4.67E+24

2.08E+23

0.00E+00

0.00E+00

0.00E+00

3.00E+02

1.07E+00

20 |9.46E+18

0.00E+00

1.41E+24

3.78E+23

1.69E+22

0.00E+00

0.00E+00

0.00E+00

2.06E+02

8.68E-02

40 |4.05E+17

0.00E+00

6.04E+22

1.62E+22

7.23E+20

0.00E+00

0.00E+00

0.00E+00

2.57E+02

3.72E-03

60 [3.29E+16

0.00E+00

4.90E+21

1.31E+21

5.86E+19

0.00E+00

0.00E+00

0.00E+00

2.45E+02

3.01E-04

80| |1.89E+15

3.01E+15

2.73E+20

7.27E+19

3.25E+18

2.65E+13

6.64E+10

2.28E-51

2.06E+p2

1.68E-05

100 |1.17E+14

4.78E+17

1.02E+19

2.38E+18

1.04E+17

2.70E+13

3.10E+11

2.24E-37

IZ1E+DP2

6.18E-07

120 |2.50E+13

7.23E+16

3.11E+17

4.36E+16

1.36E+15

6.07E+12

1.19E+12

1.41E-27

3.53E+p2

1.88E-08

140 |1.50E+13

2.12E+16

4.89E+16

4.45E+15

1.09E+14

2.17E+12

6.16E+12

2.44E-19

5.21E+p2

3.08E-09

160 |1.16E+13

9.37E+15

1.38E+16

1.06E+15

1.88E+13

1.09E+12

1.61E+13

1.12E-12

6.05E+p2

9.49E-10

180 |9.61E+12

4.88E+15

4.76E+15

3.34E+14

4.23E+12

7.31E+11

2.20E413

1.45E-07

6.48E+D2

3.70E-10

200 |8.21E+12

2.73E+15

1.80E+15

1.15E+14

1.08E+12

5.94E+11

2.02E+13

1.20E-03

6.70E+P2

1.63E-10

220 |712E+12

1.59E+15

7.14E+14

4.11E+13

2.98E+11

5.32E+1%

1.51E+13

1.22E+00

6.82E+D2

7.80E-11

240 |6.21E+12

9.42E+14

2.93E+14

1.51E+13

8.62E+10

498E+11

1.04E+13

2.43E+02

6.88E+P2

3.97E-11

260 |5.45E+12

5.66E+14

1.23E+14

5.66E+12

2.59E+10

475E+11

6.85E+12

1.40E+04

6.92E+P2

2.13E-11

280 |4.78E+12

3.44E+14

5.27E+13

2.16E+12

8.02E+09

4.57E+11

4.50E+12

3.08E+05

6.94E+p2

1.18E-11

300 |4.21E+12

2.10E+14

2.30E+13

8.42E+11

2.54Ex09

4.41E+11

2.96E+12

3.26E+06

6.95E+D2

6.80E-12

320 |3.71E+12

1.30E+14

1.01E+13

3.33E+11

8.22E+08

4.27E+11

1.96E+12

1.96E+07

6.96E+P2

4.01E-12

340 |3.28E+12

8.05E+13

4.54E+12

1.33E+11

2.71E+08

4.13E+11

1.30E+12

7.64E+07

6.96E+P2

2.41E-12

360 |290E+12

5.02E+13

2.06E+12

5.42E+10

9.06E+07

4.00E+11

8.74E+11

2.13E+08

6.96E+D2

1.47E-12

380 |2.56E+12

3.15E+13

9.43E+11

2.23E+10

3.07E+07

3.87E+11

5.88E+11

4.60E+08

6.96E+P2

9.14E-13

400 [2.27E+12

1.99E+13

4.37E+11

9.29E+09

1.06E+07

3.75E+11

3.98E+11

8.15E+08

6.96E+P2

5.75E-13

420 |2.01E+12

1.26E+13

2,04E+11

3.91E+09

3.66E+06

3.64E+11

2.70E+11

1.24E+09

6.96E+P2

3.66E-13

440 |1.78E+12

8.06E+12

9.61E+10

1.66E+09

1.29E+06

3.53E+11

1.85E+11

1.69E+09

6.96E+P2

2.35E-13

460 |1.58E+12

5.17E+12

4.56E+10

7.13E+08

4.55E+05

3.42E+11

1.26E+11

2.09E+09

6.96E+P2

1.53E-13

48) |1.41E+12

3¢33E+12

2.18E+10

3.09E+08

1.63E+05

3.32E+11

8.68E+10

2.42E+09

6.96E+P2

1.01E-13

500 |1.25E+12

2.15E+12

1.05E+10

1.35E+08

5.87E+04

3.22E+11

5.99E+10

2.66E+09

6.96E+D2

6.79E-14

520 |1.11B02

1.40E+12

5.11E+09

5.92E+07

2.13E+04

3.12E+11

4.15E+10

2.81E+09

6.96E+P2

4.63E-14

540 |991E+11

9.14E+11

2.50E+09

2.62E+07

7.81E+03

3.03E+11

2.88E+10

2.88E+09

6.96E+P2

3.21E-14

560 “18.83E+11

5.99E+11

1.23E+09

1.17E+07

2.88E+03

2.94E+11

2.00E+10

2.88E+09

6.96E+P2

2.28E-14

580 |7.88E+11

3.94E+11

6.07E+08

5.24E+06

1.07E+03

2.85E+11

1.40E+10

2.83E+09

6.96E+02

1.65E-14

600 |7.04E+11

2.60E+11

3.02E+08

2.36E+06

4.01E+02

2.77E+11

9.79E+09

2.74E+09

6.96E+02

1.23E-14

620 |6.29E+11

1.73E+11

1.51E+08

1.07E+06

1.51E+02

2.69E+11

6.88E+09

2.63E+09

6.96E+02

9.37E-15

640 |5.63E+11

1.15E+11

7.59E+07

490E+05

5.74E+01

2.61E+11

4.84E+09

2.50E+09

6.96E+02

7.33E-15

660 |5.04E+11

7.67E+10

3.84E+07

2.25E+05

2.19E+01

2.54E+11

3.42E+09

2.37E+09

6.96E+02

5.88E-15

680 |[4.51E+11

5.14E+10

1.95E+07

1.04E+05

8.42E+00

2.46E+11

2.42E+09

2.23E+09

6.96E+02

4.83E-15

700 |4.04E+11

3.45E+10

9.94E+06

4.84E+04

3.26E+00

2.39E+11

1.72E+09

2.09E+09

6.96E+02

4.04E-15

720 |3.63E+11

2.33E+10

5.10E+06

2.26E+04

1.27E+00

2.33E+11

1.22E+09

1.96E+09

6.96E+02

3.44E-15

740 |3.26E+11

1.58E+10

2.63E+06

1.06E+04

497E-01

2.26E+11

8.70E+08

1.83E+09

6.96E+02

2.98E-15

760 |2.93E+11

1.07E+10

1.36E+06

5.00E+03

1.96E-01

2.20E+11

6.21E+08

1.70E+09

6.96E+02

2.61E-15
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Table A.1 (continued)

NAnomal
H NyEg nn2 no2 NAR 0 £
(km) | (m3) |no(m3)| (m3) (m-3) (m-3) |ng(m3)| ny@m3)| (m3) T(K) |(kg.m-3)

780 |2.63E+11|7.28E+09|7.06E+05|2.37E+03| 7.75E-02 | 2.14E+11 |4.45E+08| 1.59E+09 | 6.96E+02 | 2.31E-15
800 |2.37E+11|4.97E+09|3.68E+05|1.13E+03|3.09E-02 |2.08E+11 |3.20E+08|1.48E+09|6.96E+02| 2.06E-15
820 |2.13E+11|3.40E+09|1.93E+05|5.41E+02|1.24E-02|2.02E+11|2.30E+08|1.38E+09|6.96E+02 | 1.85E-15
840 |1.92E+11|2.33E+09|1.02E+05|2.60E+02|4.99E-03 | 1.97E+11|1.66E+08|1.28E+09|6.96E+02| 1.67E-15
860 |1.73E+1111 61E+0Q09!536E+041126E+0212 02E-031191E+11 11 20E+0811 19E+091696E+0211 51E-15
880 |[1.57[E+11|1.11E+09|2.85E+04|6.09E+01|8.25E-04|1.86E+11|8.68E+07|1.11E+09|6.96E+02 | 1.38E-15
900 |1.41E+11|7.67E+08|1.52E+04|2.97E+01|3.38E-04|1.81E+11|6.30E+07|1.03E+09|6.96E+02}-1.26E-15

Table A.2 < Altitude profiles of the atmosphere constituents from NRLMSISE-00 for mean golar
and geomagnetic activities

N Anomal
H ngHE nn2 ne2 0 f
(km) | (mf3) |no(m3)| (m3) | (m3) |nag(m-3)| nyg(m-3) ny(m3) m-3) T(K) | (kg.m3)

0 |1.26E+20|0.00E+00|1.88E+25|5.04E+24| 2.25E+23 | 0.00E+00 |0.00E+00 |[0.00E+00| 3.00E+02 | 1.16H+00
20 [1.02E+19|0.00E+00|1.52E+24|4.09E+23 | 1.82E+22 | 0.00E+00 |0:00E+00|0.00E+00| 2.06E+02 | 9.37-02
40 |4.38E+17|0.00E+00|6.53E+22|1.75E+22| 7.81E+20 | 0.00E+00 [0:00E+00|0.00E+00| 2.57E+02 | 4.02k-03
60 |3.55E+16|0.00E+00|5.29E+21|1.42E+21| 6.33E+19 | 0.00E¥00 |0.00E+00|0.00E+00| 2.45E+02 | 3.26k-04
80 |2.07E+15|3.71E+15|3.00E+20|7.66E+19| 3.56E+18 | 2.53E+13 |8.61E+10|8.53E-51| 1.98E+02 | 1.83K-05
100 |1.16E+14|5.22E+17|9.60E+18|2.00E+18| 9.71E+16-1.89E+13 |3.76E+11|7.28E-37| 1.88E+02 | 5.73K-07
120 |3.08E+13|9.27E+16|3.36E+17 |3.95E+16| 1.49E+15 | 3.47E+12 |1.77E+12|5.52E-27| 3.65E+02 | 2.03E-08
140 |1.83E+13|2.73E+16|5.38E+16|3.84E+15| 1.26E+14 | 8.82E+11 |9.45E+12|8.98E-19 | 6.10E+02 | 3.44k-09
160 |1.39E+13|1.31E+16|1.72E+16|9.29E+14|2.64E+13 | 3.46E+11 |2.73E+13 |4.12E-12| 7.59E+02 | 1.20K-09

5.33E-
180 |1.16E+13|7.47E+15|7.08E+15|3:22E+14| 7.67E+12 | 2.01E+11 |4.18E+13 07 8.53E+02| 5.46E-10

200 |1.00E+13|4.67E+15|3.27E+1541.31E+14| 2.61E+12 | 1.53E+11 |4.31E+13|4.43E-03 | 9.11E+02 | 2.84E-10
220 |8.91E+12|3.06E+15|1.62E+15|5.81E+13| 9.73E+11 | 1.33E+11 |3.64E+13|4.48E+00| 9.49E+02 | 1.61E-10
240 |8.00E+12|2.07E+15/8.36E+14|2.71E+13| 3.84E+11 | 1.23E+11 |2.82E+13|8.94E+02| 9.73E+02 | 9.60E-11
260 |7.24K+12|1.43E+1514.44E+14|1.31E+13| 1.58E+11 | 1.17E+11 |2.10E+13|5.14E+04 | 9.88E+02 | 5.97E-11
280 |6.59E+12|9.94E+14|2.40E+14|6.48E+12| 6.69E+10 | 1.13E+11 |1.56E+13|1.14E+06| 9.98E+02 | 3.83E-11
300 |6.01E+12|7%00E+14|1.32E+14|3.27E+12| 2.90E+10 | 1.10E+11 |1.15E+13|1.20E+07| 1.00E+03 | 2.52E-11
320 |5.50E+12|4.96E+14|7.35E+13|1.67E+12| 1.28E+10 | 1.07E+11 [8.60E+12|7.22E+07| 1.01E+03 | 1.69E-11
340 |5.04E+12|3.54E+14|4.13E+13 |8.66E+11| 5.75E+09 | 1.05E+11 |6.45E+12|2.81E+08| 1.01E+03 | 1.16E-11
360 |4.62E+12|2.54E+14|2.35E+13 (4.54E+11| 2.61E+09 | 1.02E+11 |4.86E+12|7.85E+08| 1.01E+03 | 7.99E-12
380 |4.24E+12|1.83E+14|1.34E+13|2.40E+11| 1.20E+09 | 1.00E+11 |3.68E+12|1.69E+09| 1.01E+03 | 5.60E-12
400 |3.90E+12|1.32E+14|7.74E+12|1.28E+11| 5.61E+08 | 9.79E+10 |2.79E+12 |3.00E+09| 1.02E+03 | 3.96E-12
420 |3.59E+12|9.56E+13|4.50E+12|6.90E+10| 2.64E+08 | 9.59E+10 |2.13E+12|4.57E+09| 1.02E+03 | 2.83E-12
440 |3.30E+12|6.96E+13|2.63E+12|3.74E+10| 1.25E+08 | 9.38E+10 |1.63E+12|6.21E+09| 1.02E+03 | 2.03E-12
460 |3.04E+12|5.08E+13|1.55E+12|2.05E+10| 6.00E+07 | 9.19E+10 |1.25E+12|7.70E+09| 1.02E+03 | 1.47E-12
480 |2.80E+12|3.72E+13|9.15E+11|1.13E+10| 2.90E+07 | 9.00E+10 |9.59E+11|8.92E+09| 1.02E+03 | 1.07E-12
500 |2.58E+12|2.73E+13|5.44E+11|6.24E+09| 1.41E+07 | 8.81E+10 |7.39E+11|9.81E+09| 1.02E+03 | 7.85E-13
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Table A.2 (continued)

IS0 14222:2013(E)

NAnomal
H NHE nN2 noz 0 N
(km) | (m3) no(m3) (m3) | (m3) npg(@3) ny(m3) nym3) (m3) | TK) | (kg.m3)
520 |2.38E+12|2.01E+13|3.26E+11|3.48E+09| 6.90E+06 | 8.64E+10 |5.71E+11|1.04E+10| 1.02E+03 | 5.78E-13
540 |2.20E+12|1.48E+13|1.96E+11|1.95E+09|3.40E+06 | 8.46E+10 |4.42E+11|1.06E+10| 1.02E+03 | 4.29E-13
560 |2.03E+12|1.10E+13|1.18E+11|1.10E+09| 1.69E+06 | 8.29E+10 |3.43E+11|1.06E+10| 1.02E+03 | 3.19E-13
580 |1.88E+12|8.17E+12|7.19E+10 |6.24E+08| 8.42E+05 | 8.12E+10 | 2.67E+11|1.04E+10| 1.02E+03 | 2.39E-13
60Q_1174E+12 |6 08F+12 |4 38F+10[3 55E+08| 4 23F+05 | 796E+10 |2 08F+1111 01F+10[1 02E+03 | 1.80E-13
620 |1.61E+12|4.54E+12|2.68E+10|2.04E+08| 2.13E+05 | 7.81E+10 |1.62E+11|9.69E+09| 1.02E+0B | 1.36E-13
640 |1.49E+12|3.40E+12|1.65E+10|1.17E+08| 1.08E+05 | 7.65E+10 |1.27E+11|9.22E+09| T.02E+08 | 1.04E-13
66(0 |1.38E+12|2.55E+12|1.02E+10|6.78E+07 | 5.52E+04 | 7.50E+10 |9.91E+10|8.72E+09|/1.02E+0B | 7.98E-14
68() |1.28E+12|1.92E+12|6.33E+09|3.94E+07 | 2.83E+04 | 7.36E+10 |7.78E+10|8.20E+09 | 1.02E+0B | 6.16E-14
70 1.18E+12|1.45E+12|3.94E+09|2.30E+07 | 1.46E+04 | 7.22E+10 |6.11E+10/%A70E+09| 1.02E+08 | 4.80E-14
72 1.10E+12|1.09E+12|2.46E+09|1.34E+07 | 7.54E+03 | 7.08E+10 |4.81E+10{7.20E+09| 1.02E+0B | 3.76E-14
740 |1.02E+12|8.27E+11|1.54E+09|7.91E+06| 3.92E+03 | 6.94E+10 |3.80E+10|6.73E+09| 1.02E+0B | 2.98E-14
7600 |9.45E+11|6.28E+11|9.72E+08|4.67E+06| 2.05E+03 | 6.81E+1Q73:00E+10|6.28E+09| 1.02E+0B | 2.38E-14
78 8.78E+11 (4.78E+11|6.14E+08|2.77E+06| 1.07E+03 | 6.68E+10 | 2.37E+10|5.85E+09 | 1.02E+08 | 1.92E-14
80 8.16E+11 |3.64E+11|3.89E+08 | 1.65E+06| 5.65E+02 | 6.56E+10 | 1.88E+10 |5.45E+09| 1.02E+08 | 1.57E-14
82 7.58E+11|2.78E+11|2.47E+08|9.83E+05 | 2.99E+02("6:44E+10 | 1.49E+10|5.07E+09| 1.02E+08 | 1.29E-14
84( |7.05E+11|2.13E+11|1.58E+08|5.89E+05| 1.59E+02 | 6.32E+10 [1.19E+10 (4.72E+09| 1.02E+08 | 1.07E-14
86() |6.56E+11|1.63E+11|1.01E+08|3.54E+05| 8.47E+01 | 6.20E+10 |9.45E+09 |4.40E+09| 1.02E+08 | 9.03E-15
88 6.11E+11 1.26E+11|6.47E+07 | 2.14E+0544.53E+01 | 6.09E+10 | 7.54E+09 |4.09E+09 | 1.02E+0B | 7.67E-15
90 5.69E+11(9.68E+10|4.16E+07 | 1.29E405| 2.44E+01 | 5.98E+10 |6.02E+09|3.81E+09 | 1.02E+08 | 6.59E-15
Tablle A.3 — Altitude profiles of the atmosphere constituents from NRLMSISE-00 for{high long-
term solar and geomagnetic activities
NAnomal

H NHE nn2 no2 0 P
(km)| (m3) no@cC3)| (m3) | (m3) nar(m3)| nym3) ny@m3)| m3) | T(K) |(kg.m3)
0 ||1.41E+20|000E400|2.10E+25|5.65E+24| 2.52E+23 | 0.00E+00 |0.00E+00{0.00E+00|3.00E+pP2|1.29E+00
20 [| 1.14E+1940.00E+00| 1.71E+24 | 4.57E+23 | 2.04E+22 | 0.00E+00 |0.00E+00|0.00E+00|2.06E+pP2 | 1.05E-01
40 ||4.90E%17|0.00E+00|7.31E+22 | 1.96E+22 | 8.74E+20 | 0.00E+00 |0.00E+00|0.00E+00|2.57E+P2|4.49E-03
60 || 308E+16 |0.00E+00|5.92E+21 | 1.59E+21 | 7.09E+19 | 0.00E+00 |0.00E+00|0.00E+00|2.45E+D2| 3.64E-4
80 HZ3H4EH5T436E+H51339E+20 85+ 9402+ 82 5 E 323+ 2604 E-50-1+93E+02 | 2.03E-05
100 [1.21E+14|5.70E+17 |9.71E+18 | 1.72E+18 | 9.73E+16 | 1.43E+13 |5.38E+11| 1.57E-36 | 2.02E+02 | 5.64E-07
120 [3.61E+13|1.15E+17 |3.72E+17 |3.37E+16 | 1.62E+15 | 2.13E+12 |3.08E+12| 1.36E-26 |3.80E+02 | 2.22E-08
140 |[2.09E+13|3.51E+16 |6.07E+16|3.02E+15| 1.43E+14 | 3.93E+11 |1.76E+13 | 2.12E-18 | 7.10E+02 | 3.93E-09
160 [1.59E+13|1.86E+16|2.17E+16 |6.80E+14| 3.51E+13 | 1.24E+11 |5.84E+13| 9.74E-12 |9.16E+02 | 1.54E-09
180 |1.34E+13| 1.15E+16 | 1.00E+16 | 2.29E+14 | 1.21E+13 | 6.34E+10 | 1.02E+14 | 1.26E-06 | 1.05E+03| 7.87E-10
200 |1.17E+13|7.72E+15 | 5.24E+15|9.68E+13 | 4.91E+12 | 4.52E+10 | 1.18E+14 | 1.05E-02 | 1.14E+03 | 4.57E-10
220 |1.05E+13|5.42E+15|2.93E+15|4.65E+13 | 2.18E+12 | 3.83E+10 | 1.09E+14 |1.06E+01|1.19E+03 | 2.86E-10
240 |9.62E+12|3.93E+15|1.71E+15|2.42E+13 | 1.03E+12 | 3.51E+10 |9.18E+13 |2.11E+03|1.23E+03| 1.87E-10
260 [8.85E+12|2.90E+15|1.03E+15|1.32E+13| 5.02E+11 | 3.34E+10 | 7.39E+13 |1.22E+05|1.25E+03 | 1.27E-10
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Table A.3 (continued)

NAnomal
H nyg nn2 no2 o P
(km)| (m3) |no(m3)| (m3) (m-3) |naR (m-3)| ng(m-3) |ny(m3)| (m-3) T(K) |(kg.m3)

280 [8.19E+12|2.17E+15|6.30E+14| 7.43E+12 | 2.52E+11 | 3.23E+10 |5.87E+13|2.68E+06|1.27E+03| 8.87E-11

300 |7.60E+12|1.64E+15|3.91E+14 |4.28E+12| 1.30E+11 | 3.15E+10 |4.65E+13|2.84E+07|1.28E+03| 6.31E-11

320 |7.07E+12|1.25E+15|2.46E+14|2.51E+12| 6.77E+10 | 3.08E+10 | 3.70E+13|1.71E+08|1.29E+03 | 4.56E-11

340 |6.59E+12|9.53E+14 | 1.56E+14 | 1.49E+12 | 3.59E+10 | 3.02E+10 | 2.95E+13 |6.65E+08|1.30E+03| 3.34E-11

360 |6.16E+1217.32E+14 |1 00E+14|894FE+11| 193E+10 | 2 97E+10 |2 36E+1311 85E+09/1 30E+03| 2 47E-11

380 [5.75E412|5.65E+14 |6.44E+13|5.41E+11 | 1.05E+10 | 2.91E+10 | 1.90E+13 |4.00E+09|1.30E+03 | 1.85E-11

400 |5.38E+12|4.37E+14 | 4.18E+13|3.30E+11 | 5.75E+09 | 2.86E+10 |1.54E+13|7.10E+09 | 1.30E+03-1.40E-11

420 |5.04E112|3.39E+14 | 2.73E+13 | 2.03E+11 | 3.18E+09 | 2.82E+10 | 1.24E+13|1.08E+10 |1.30E+03 | 1.04E-11

440 |4.72E112|2.64E+14 | 1.79E+13 | 1.26E+11| 1.78E+09 | 2.77E+10 |1.01E+13|1.47E+10 | b,31E+03| 8.13E-12

460 |4.42E112|2.06E+14 | 1.18E+13|7.84E+10 | 1.00E+09 | 2.72E+10 |8.21E+12|1.82E#10|1.31E+03]| 6.24E-12

480 |4.14E412|1.62E+14 | 7.85E+12 | 491E+10 | 5.66E+08 | 2.68E+10 |6.69E+12 | 2.11E410 |1.31E+03| 4.84E-12

500 |3.89E112|1.27E+14 |5.23E+12| 3.10E+10 | 3.23E+08 | 2.64E+10 | 5.47E+12|2)32E+10|1.31E+03 | 3.76E-12

520 |3.65E112|9.97E+13|3.50E+12| 1.96E+10 | 1.85E+08 | 2.60E+10 |4.48E+12|2.45E+10|1.31E+03 2.94|E-12

540 |3.43E412|7.86E+13 |2.36E+12|1.25E+10 | 1.07E+08 | 2.55E+10 | 3:67E+12|2.51E+10 |1.31E+03| 2.31|E-12

560 |3.22E412|6.21E+13|1.59E+12|8.01E+09| 6.21E+07 | 2.51E+10%3/02E+12 | 2.51E+10|1.31E+03| 1.82E-12

580 |3.02E112|4.92E+13 |1.08E+12 |5.15E+09 | 3.62E+07 | 2.48E+10 | 2.48E+12|2.47E+10|1.31E+03 1.43|E-12

600 [2.84E+12|3.91E+13|7.34E+11|3.33E+09| 2.13E+07 | 2.44E+10 |2.04E+12|2.39E+10|1.31E+03 | 1.14E-12

620 |2.67E112|3.11E+13 | 5.02E+11|2.16E+09| 1.25E+07-\2.40E+10 | 1.69E+12|2.29E+10|1.31E+03| 9.06E-13

640 |2.52E112|2.48E+13|3.44E+11|1.41E+09| 7.41E+06 | 2.36E+10 |1.39E+12|2.18E+10|1.31E+03 7.23|E-13

660 |2.37E112|1.98E+13 |2.37E+11|9.19E+08 | 4:41E+06 | 2.33E+10 | 1.15E+12 | 2.06E+10|1.31E+03 5.74E-13

680 [2.23E112|1.58E+13|1.63E+11|6.03E+08[\2:63E+06 | 2.29E+10 |9.57E+11|1.94E+10|1.31E+03 4.65‘E-13

700 |2.10E412|1.27E+13 | 1.13E+11 |3.97E+08| 1.58E+06 | 2.26E+10 | 7.94E+11 | 1.82E+10 |1.31E+03 3.75|E-13

720 |1.98E412|1.02E+13 | 7.86E+10 | 2763E+08| 9.50E+05 | 2.22E+10 | 6.60E+11 | 1.70E+10 |1.31E+03 3.03|E-13

740 |1.87E+12|8.21E+12|5.48E+10 |)1.74E+08| 5.74E+05 | 2.19E+10 |5.50E+11|1.59E+10|1.31E+03]| 2.44E-13

760 | 1.76E412 | 6.62E+12 | 3.83E+10 | 1.16E+08| 3.48E+05 | 2.16E+10 [4.58E+11|1.48E+10|1.31E+03| 2.00E-13

780 |1.66E112|5.35E+12 [ 2.68E+10| 7.74E+07 | 2.12E+05 | 2.13E+10 |3.82E+11|1.38E+10|1.31E+03| 1.63E-13

800 |1.57E112|4.33E+12+1.88E+10|5.19E+07 | 1.29E+05 | 2.10E+10 |3.20E+11|1.29E+10 |1.31E+03| 1.34E-13

820 |1.48E+112|3.54E+12|1.33E+10 |3.48E+07| 7.93E+04 | 2.07E+10 | 2.67E+11|1.20E+10 |1.31E+03| 1.10[E-13

840 |1.40E+1242.85E+12|9.39E+09|2.35E+07 | 4.87E+04 | 2.04E+10 |2.24E+11 | 1.12E+10 |1.31E+03| 9.06E-14

860 |1.32E+1242 32E+1216 65E+09(1 S9E+071 3 01E+04 [ 2 01E+10 11 88E+11 11 04E+1011 31E+03( 750E-14

880 |1.25E+12|1.89E+12|4.72E+09|1.07E+07 | 1.86E+04 | 1.98E+10 |1.58E+11 |9.67E+09|1.31E+03| 6.23E-14

900 |1.18E+12|1.54E+12|3.36E+09|7.30E+06 | 1.16E+04 | 1.95E+10 |1.33E+11 [9.01E+09|1.31E+03| 6.00E-14
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Table A.4 — Reference values for intermediate- and short-term solar variability
Case 1: Intermediate-term Case 2: Short-term Case 3: Short-term
(81 days) (27 days high activity) (27 days low activity)

Daily Low Moderate High Low Moderate High | Low Moderate High

F10.7 65 120 225 90 165 280 80 105 145

S107 60 120 215 105 135 185 85 100 120

Mi10.7 60 115 215 95 135 185 80 95 115

Y107 50 115 180 110 150 185 90 110 135
NOTE1  Reference index values are provided in Table A.4 for intermediate-term variability’that includes
more|than one solar rotation (>27 days) but for not more than a half solar cycle (<6 years). The-81-day smoothed

minifnum, mean, and maximum values rounded to the nearest unit of 5 for solar cycle 23-dre used
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s A.5 and A.6 are provided for estimating solar cycle variability in the four solar indices.
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at Case only as one complete set of inputs into JB2008. The 81-day value should be set to the n
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ut-proxies and indices with their monthly minimum, mean, and maximum values. M

'e A.4 shows
onthly F1g.7

1ter (http://

sail.msfc.nasa.gov/) and by the NOAA SWPC (http://www.swpc.noaa.gov/). Daily forecasts for F19.7, Fg1,
S10.7, Ss1, M10.7, Mg1, Y10.7, and Yg1 out to 5 solar rotations (137-days) are provided by Space Environment
Technologies (http://spacewx.com “Innovations:SET Space Weather Forecasts” menu link).

Table A.5 — Reference values for long-term solar cycle variability in the F1¢.7, Fg1 proxy and

S10.7, Sg1 index

Month F1omin |F10mean|F10max |F81min |[F81mean|F81max |S10min |S10mean|S10max |S81min |S81mean|S81max
0 72 74 77 74 76 78 74 78 82 78 79 79
1 71 74 81 74 74 74 74 77 82 78 78 78
2 70 73 76 74 74 74 73 78 83 78 79 79
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Table A.5 (continued)

Month FlOmin FlOmean FlOmax F81min F81mean F81max SlOmin SlOmean SlOmax S81mir1 S81mean S81max

3 69 74 81 74 74 74 74 80 86 79 80 81
4 71 75 85 72 73 74 78 83 91 81 81 81
5 68 72 77 72 72 73 78 81 87 81 81 82
6 67 71 80 73 74 77 75 80 87 82 83 86
7 71 79 96 78 82 86 80 89 100 86 90 94
8 85 96 119 86 88 91 97 100 103 94 96 99
9 85 91 91 92 93 92 98 103 99 100 1102

100 | 118 | 93 | 95 | 96 | 97 | 105 | 120 | 102 | 102] {03
99 | 117 | 96 | 97 | 97 | 95 | 104 | 114 | 103 ﬂq}ﬂ( 105
93 | 108 | 94 | 95 | 96 | 92 | 104 | 110 | 1037104 | {o5
93 | 107 | 95 | 99 | 103 | 93 | 103 | 110 | 104 | 106 | {os
133 | 103 | 106 | 108 | 97 | 110 | 1233109 | 111 | {13
108 | 141 | 109 | 110 | 110 | 101 | 117 [ 13 ] 114 | 115 | {16
107 | 133 | 106 | 107 | 109 | 103 | 114 |<125 | 116 | 116 | {17
108 | 122 | 108 | 109 | 111 | 108 | 19V 128 | 116 | 117 | {17

Uy
NS
O[O |0 [0 [WO |0 [0 |0 [0 |
O TOY N[O [ [WIHFTUTTO [\O
[uny
[«
O

18 114 | 120 | 112 [ 119 [ 127 [ 118 [ | 118 [ 117 | 118 | {19
19 | 199 | 136 | 179 | 127 | 130 | 133 | 118.¢ 118 | 118 | 118 | 118 | {18
20 | 116 | 138 | 177 | 130 | 132 | 133 | w18 | 118 | 118 | 118 | 119 | {22
21 | 193 | 117 | 135 | 128 | 130 | 132 {2118 | 120 | 130 | 122 | 125 | {31
22 | 115 | 140 | 168 | 132 | 136 | 140 | 123 | 139 | 158 | 131 | 136 | 140
23 | 139 | 150 | 184 | 140 | 143 [Na47 | 140 | 147 | 159 | 139 | 141 | {42
24 | 1{o | 141 | 178 | 142 | 145,] 147 | 128 | 136 | 143 | 138 | 139 | 140
25 | 9p | 142 | 205 | 135 [4J39 | 143 | 115 | 138 | 159 | 137 | 138 | 139
26 | 192 | 126 | 156 | 127} 130 | 135 | 119 | 139 | 154 | 137 | 138 | 139
27 | o | 117 | 1 [277 ] 130 | 134 [ 111 | 132 | 151 | 139 | 141 | {44
28 | 137 | 149 | 178134 | 144 | 154 | 130 | 153 | 168 | 145 | 152 | 159
20 | 139 | 170 | 240°| 155 | 161 | 167 | 154 | 171 | 192 | 160 | 165 | {70
30 | 130 | 166 [<206 | 164 | 166 | 169 | 156 | 172 | 200 | 169 | 170 | {71
31 | 133 | 178)| 248 | 155 | 159 | 166 | 146 | 169 | 194 | 161 | 164 | {70
32 | 197 |36 | 163 | 153 | 156 | 159 | 136 | 151 | 184 | 158 | 160 | {62

33 17 N 165 200 160 165 169 149 159 168 160 162 165
34 143 192 249 169 176 181 157 177 193 165 169 170
35 130 170 217 166 174 178 144 169 192 169 172 173
36 126 158 211 163 167 172 142 167 200 170 171 173
37 138 173 227 172 179 186 155 177 194 174 179 183
38 178 208 234 185 189 192 173 193 213 183 187 189
39 158 184 223 187 191 195 179 192 214 188 189 191
40 127 185 262 181 183 187 165 183 212 184 186 188
41 148 180 202 184 191 196 165 185 206 185 191 195
42 148 202 262 181 185 187 176 207 234 193 196 197
43 131 163 194 174 180 184 162 189 213 187 192 195
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Month |F1omin |[F10mean|F10max [F81min |F81mean|F81max |S10min |S10mean|S10max |S81min |S81mean|S81max
a4 | 133 | 182 | 232 | 170 | 171 | 173 | 166 | 181 | 197 | 181 | 183 | 187
45 | 140 | 168 | 203 | 173 | 176 | 179 | 166 | 183 | 197 | 181 | 182 | 183
46 | 144 | 179 | 205 | 171 | 173 | 176 | 157 | 185 | 224 | 182 | 183 | 184
47 | 135 | 174 | 201 | 172 | 174 | 176 | 156 | 184 | 209 | 182 | 183 | 184
48 | 152 | 167 | 184 | 160 | 165 | 172 | 172 | 178 | 185 | 175 | 179 | 183
49 | 130 | 147 | 170 | 155 | 161 | 167 | 158 | 170 | 184 | 171 | 174 | 176
s [ 130 | 178 | 274 [ 165 | 168 | 170 [ 155 [ 175 | 218 | 174 [o1fa | 176
51 | 123 | 178 | 258 | 169 | 170 | 172 | 152 | 178 | 215 | 173y 1pa | 174
54 | 120 | 148 | 185 | 160 | 165 | 171 | 151 | 165 | 186 | apo”| 1y2 | 174
54 | 133 | 174 | 221 | 150 | 153 | 160 | 162 | 176 | 190, Me5 | 1p7 | 170
54 | 115 | 131 | 150 | 151 | 154 | 158 | 142 | 156 | 1687] 166 | 1p6 | 167
59 | 120 | 163 | 199 | 158 | 173 | 187 | 143 | 168 {5180 | 167 | 1f3 | 181
54 | 183 | 234 | 285 | 188 | 203 | 218 | 174 | 1997 230 | 182 | 1p1 | 200
57 | 171 | 208 | 248 | 218 | 220 | 222 | 192 [ <207 | 222 | 201 | 2pa | 206
sd | 170 | 213 | 271 | 214 | 220 | 226 | 1820[Y201 | 232 | 204 | 2p6 | 209
5d | 206 | 236 | 275 | 223 | 224 | 225 |, 211 | 232 | 207 | 2p9 | 212
6 | 189 | 227 | 261 | 217 | 223 | 227 @197 | 219 | 235 | 211 | 2f2 | 213
61 | 188 | 205 | 246 | 201 | 206 | 216~| 199 | 205 | 218 | 202 | 2p6 | 211
61 | 166 | 179 | 204 | 186 | 193 [@01 | 181 | 191 | 196 | 191 | 1pe | 202
64 | 147 | 190 | 226 | 181 | 183y | 186 | 171 | 189 | 203 | 183 | 1p7 | 191
64 | 157 | 178 | 191 | 161 [472 | 181 | 161 | 180 | 194 | 171 | 1f7 | 183
64 | 131 | 149 | 179 | 1597 162 | 165 | 150 | 163 | 183 | 164 | 1p6 | 170
6d | 120 | 174 | 242 [ w63 | 168 | 175 | 144 | 161 | 181 | 163 | 1p5 | 167
61 | 135 | 184 | 241.(D'176 | 181 | 183 | 149 | 172 | 202 | 167 | 1fo | 172
6 | 138 | 176 | 2207 174 | 178 | 182 | 153 | 174 | 198 | 170 | 1f2 | 173
6 | 136 | 167 (5183 | 164 | 170 | 174 | 150 | 164 | 180 | 163 | 1p6 | 170
70 | 137 | 1692 199 | 162 | 165 | 169 | 149 | 162 | 176 | 160 | 1p3 | 166
71 | 114 [8d57 | 213 | 148 | 157 | 162 | 135 | 164 | 177 | 154 | 1p8 | 161
70 | 1) 144 | 189 | 136 | 143 | 148 | 133 | 149 | 172 | 144 | 1po | 154
74 |, w02 | 125 | 150 | 120 | 133 | 136 | 111 | 135 | 151 | 134 | 1B8 | 143
74Ch 89 | 132 | 160 | 126 | 127 | 1290 | 102 | 131 | 153 | 126 | 1Bo | 133
75 | 99 | 126 | 158 | 121 | 123 | 126 | 109 | 128 | 149 | 123 | 125 | 126
76 92 | 116 | 149 | 122 | 124 | 126 | 104 | 123 | 142 | 124 | 125 | 126
77 | 106 | 120 | 193 | 125 | 126 | 127 | 107 | 125 | 139 | 125 | 126 | 127
78 | 99 | 128 | 157 | 122 | 126 | 128 | 108 | 127 | 134 | 125 | 126 | 126
79 | 107 | 122 | 137 | 117 | 119 | 122 | 114 | 124 | 136 | 123 | 124 | 125
80 | 94 | 112 | 137 | 115 | 122 | 132 | 106 | 121 | 135 | 122 | 123 | 126
81 92 | 151 | 279 | 129 | 135 | 141 | 110 | 129 | 185 | 123 | 125 | 127
82 91 | 141 | 210 | 137 | 138 | 140 | 100 | 128 | 153 | 123 | 124 | 126
83 | 86 | 115 | 143 | 121 | 126 | 140 | 92 | 118 | 143 | 117 | 119 | 123
84 | 87 | 114 | 135 | 111 | 113 | 120 | 96 | 109 | 126 | 111 | 113 | 117
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Table A.5 (continued)

Month |F1omin |[F10mean|F10max |F81min |F81mean|F81max |S10min |S10mean|S10max |S81min |S81mean|S81max
85 o5 | 107 | 122 | 108 | 110 | 111 | 101 | 109 | 120 | 109 | 111 | 112
86 | 90 | 112 | 120 | 105 | 107 | 108 | 101 | 114 | 125 | 100 | 111 | 112
87 | 88 | 101 | 117 | 102 | 104 | 105 | 99 | 109 | 117 | 108 | 109 | 110
88 | 85 | 100 | 118 | 97 | 99 | 102 | 99 | 104 | 111 | 102 | 105 | 107
g9 | 82 97 | 119 | 97 | 104 | 108 | 93 | 102 | 109 | 102 | 103 | 104
90 78 | 119 | 175 | 106 | 110 | 112 | 89 | 105 | 125 | 103 | 104 | 105
91 g8 [ 110 [ 149 | 107 [ 112 [ 115 | 88 | 105 | 118 | 103 | 105 |rjoe
92 | 88 | 103 | 131 | 102 | 105 | 107 | 93 | 103 | 112 | 102 | 103] {os
93 87 | 106 | 140 | 106 | 107 | 108 | 92 | 105 | 122 | 104 | 104 | {os
94 | o5 | 114 | 141 | 106 | 106 | 107 | 103 | 108 | 113 | 1047104 | {o4
95 g6 | 95 | 111 | 99 | 103 | 106 | 92 97 | 106 | 99| 101 | {o3
9 | 88 | 102 | 145 | 97 | 99 | 100 | 86 | 98 | 119.45%5 | 97 bg
97 7k 97 | 122 | o3 97 | 99 76 | 94 | 109 92 94 b5
98 % | 90 | 114 | 90 | 91 93 76 | 88 <101 | 88 | 90 b1
9 | 77 | 86 | 106 | 91 92 93 81 860 1 92 88 | 89 Ho
100 | sp | 100 | 126 | 93 95 | 99 | 85 |92 | 100 | 89 | 90 b1
101 | 77 | 94 | 116 | 94 | 96 | 99 | 82.¢) 89 | 98 | 90 | o1 b2
102 | 7 96 | 130 | 91 93 95 | 76~ | 92 | 107 | 89 | 89 b0
103 | 7b o1 | 111 | 89 | 91 95 |@72 88 | 103 | 87 | 88 bo
104 | 7P 91 | 119 | 85 86 | 89y | 74 | 87 | 101 | 84 | 85 B7
105 | 7p 77 | 83 | 83 | 84 [les 70 78 | 83 g0 | 82 B4
106 | 77 | 8 | 102 | 83 85 | 86 76 | 80 | 84 | 8o | 81 B2
107 | 86 | 91 | 106 | 86 [v87 | 88 79 | 86 | 93 82 83 B3
108 | 77 | 83 94 | 81()" 83 86 76 | 83 | 89 | 80 | 81 B3
109 | 7h 77 | 79 |87 79 | s0 | 7 76 79 77 | 78 B0
110 | 7p 75 | 86. 579 | 80 | 82 71 74 78 77 | 78 B0
11 | 76 8o | 10| 82 82 83 78 g4 | 92 79 80 P
12 | 7p 81 <93 81 82 | 83 72 83 | 92 g0 | 81 P
13 | 7p | 778)] 86 76 78 | 81 73 76 82 76 78 B0
14 | 7p Jyze | 87 76 77 | 78 70 74 82 74 75 76
115 | P 79 | 89 | 77 78 | 79 | 69 73 79 74 74 75
116 | 70 78 | 87 | 78 78 | 78 67 75 82 74 74 74
117 | 70 74 | 80 78 79 81 66 | 72 78 74 74 | 75
118 | 77 | 8 | 97 | 81 83 | 84 | 73 77 | 81 74 74 | 75
119 | 72 84 | 103 | 84 | 84 | 85 68 | 75 | 90 75 75 75
120 | 76 | 83 | 92 79 | 81 | 84 | 72 75 | 80 73 73 74
121 | 73 78 | 90 75 77 | 79 | 68 | 72 77 | 7 72 73
122 | 69 72 76 73 74 75 64 | 6 | 73 68 | 69 | 71
123 | 68 | 72 | 87 | 73 73 75 63 67 71 68 | 68 | 69
124 | 67 74 | 87 74 74 75 66 | 68 71 68 | 69 | 69
125 | 65 74 | 87 | 72 73 75 61 70 79 | 68 | 68 | 69
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Month |F1omin |[F10mean|F10max [F81min |F81mean|F81max |S10min |S10mean|S10max |S81min |S81mean|S81max
126 | 66 | 72 | 79 | 70 | 71 | 72 | 62 | 67 | 70 | 65 | 66 | 68
127 | 67 | 69 | 72 | 68 | 69 | 70 | 62 | 64 | 66 | 63 | 64 | 65
1286 | 65 | 67 | 71 | 68 | 68 | 68 | 60 | 61 | 65 | 62 | 62 | 63
120 | 66 | 68 | 69 | 68 | 68 | 70 | 59 | 62 | 66 | 61 | 61 | 62
130 | 67 | 70 | 72 | 70 | 72 | 74 | 59 | 60 | 63 | 61 | 62 | 63
131 | 71 | 79 | 94 | 74 | 75 | 75 | 60 | 65 | 71 | 63 | 64 | 65
13p | 70 | 74 | 80 | 72 | 74 | 75 | 60 | 67 | 76 | 64 |ods | 65
Bg | 70 | n | 3| 2 | 2| 72| 61 | ea | 67 | 630 44 | 64
13p | 68 | 73 | 89 | 71 | 72| 72 | 60 | 64 | 72 | ®3] d3 | 63
135 | 67 | 70 | 78 | 70 | n | 7| 63 | 66 | 71, QM3 | 43 | 63
136 | 66 | 68 | 72 | 67 | 68 | 70 | 60 | 63 | 68| 62 | d2 | 63
13y | 65 | 66 | 67 | 66 | 67 | 67 | 59 | 61 £563 | 61 | 41 | 62
138 | 65 | 66 | 67 | 66 | 66 | 66 | 58 | 15| 64 | 61 | 41 | 61
13) | 65 | 66 | 68 | 66 | 66 | 67 | 59 [<e0 | 62 | 60 | 41 | 61
14h | 65 | 67 | 69 | 67 | 67 | 68 | 590Me1 | 63 | 61 | 41 | e
14 | 66 | 68 | 72 | 68 | 68 | 68 |60 | 63 | 65 | 61 | 2 | 2
1 | 67 | 69 | 71 | 69 | 69 | 69 @60 | 62 | 65 | 61 | 2 | 62
14 | 68 | 69 | 71 | 69 | 69 | 69°| 60 | 61 | 63 | 61 | d2 | e2

.\@“
Table A.6 — Reference values for long-t;&g’(xsolar cycle variability in the M10.7, M81|proxy and
.7, Y81 index
N=

Month [M1omin |M10mean|M10max M81nﬁ1\;%1mean Mg1imax |Y10min |Y10mean|Y10max |Y81min |Y81fnean|Y81max
0 65 | 72 | 76 |72 | 73| 74 | &2 | 66 | 713 | 69 | 11 | 7
1 62 | 71 | 572 | 72 | 73 | 63 | 70 | 84 | 69 | 40 | 7
2| | 66 | 73 | 800 73 [ 713 | @ | er | 71 [ 80 | 71 | 2 | 72
3 67 | 75 86 | 74 | 75 | 76 | 63 | 4 | 87 | 72 | 13 | m
4 72 | 1850 87 | 76 | 76 | 77 | ea | 76 | 92 | 72 | 3 | 75
5 70 |02 | 86 | 76 | 76 | 77 | es | 71 | 86 | 72 | 12 | 73
6 68N 75 | 85 | 76 | 77 | 80 | 63 | 70 | o1 | 713 | 15 | 80
7| | 78| 82 | 99 | 80 | 84 | 88 | 65 | 85 | 104 | 81 | 47 | 92
8| ~[v81 | 94 | 101 | 88 | 90 | 92 | 96 | 103 | 110 | 92 | 4 | 98
9—185 9T 98 92 93 95 68 90 100 98 T00 102
10 | 84 | 98 | 121 | 95 | 96 | 97 | 98 | 112 | 125 | 101 | 103 | 104
1 | 84 | 100 | 120 | 97 | 98 | 99 | 91 | 106 | 120 | 104 | 105 | 106
12 | 85 | 99 | 114 | 97 | 98 | 99 | 77 | 101 | 114 | 102 | 103 | 104
13 | 85 | 96 | 107 | 98 | 99 | 102 | 91 | 102 | 116 | 103 | 106 | 111
14 | 83 | 103 | 117 | 103 | 106 | 109 | 102 | 115 | 131 | 111 | 114 | 118
15 | 94 | 113 | 147 | 109 | 111 | 112 | 105 | 120 | 136 | 118 | 120 | 121
16 | 90 | 110 | 129 | 112 | 113 | 114 | 107 | 122 | 138 | 120 | 121 | 122
17 | 99 | 115 | 139 | 115 | 117 | 119 | 13 | 122 | 129 | 122 | 123 | 125
18 | 111 | 128 | 150 | 119 | 125 | 130 | 117 | 127 | 137 | 125 | 130 | 134
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Table A.6 (continued)

Month M10min |M10mean|M10max |M81min |M81imean|M81imax |Y10min |Y10mean|Y10max |Y81min |Y81mean|Y81max
19 122 135 148 130 132 134 132 142 162 135 136 138

20 121 137 151 132 134 135 130 140 154 138 139 139

21 109 126 137 131 133 135 123 132 138 138 139 141

22 116 137 169 134 136 138 129 148 162 141 143 145

23 126 146 175 137 139 140 142 149 158 145 148 149

24 109 138 166 137 138 140 126 149 171 146 147 148

43 13 177 220 177 182 183 144 161 176 164 166 168

44 15 173 196 ~(jh% 174 176 150 164 178 163 163 164

45 17 173 174 176 153 165 175 164 166 168

200"
46 13 179 0}1)1 173 174 176 149 170 183 166 166 167

47 17 1]@\5’3203 172 174 176 149 164 181 164 165 167

48 14 188 165 170 176 154 161 167 156 159 163

/&
=9
wul
1)
[EnN
Q
N
[UnN
w1
e

49 17 162 165 137 148 162 155 157 160

25 | 1§z | 134 | 172 | 134 | 135 | 138 | 123 | 144 | 167 | 142 | 144 |, 47
26 | 199 | 130 | 159 | 130 | 132 | 134 | 117 | 136 | 157 | 137 | 138 {42
27 o | 121 | 157 | 131 | 132 | 135 | 115 | 131 | 143 | 137 [ 439 | {41
28 | 117 | 145 | 175 | 135 | 142 | 150 | 140 | 151 | 172 | 141147 | {52
29 | 135 | 163 | 197 | 151 | 156 | 160 | 152 | 159 | 175 | 1537| 156 | {59
30 | 132 | 162 | 191 | 159 | 160 | 162 | 140 | 159 | 177 ACds8 | 159 | {eo
31 | 129 | 162 | 202 | 152 | 155 | 161 | 140 | 162 | 181 155 | 157 | {59
32 | 121 | 142 | 175 | 150 | 152 | 154 | 135 | 147|164 | 154 | 155 | 156
33 | 131 | 153 | 167 | 153 | 156 | 158 | 144 | 1575 165 | 156 | 158 | {60
34 | 141 | 170 | 195 | 158 | 161 | 164 | 151 | 120 | 184 | 160 | 162 | {63
35 | 125 | 159 | 191 | 162 | 165 | 167 | 140 | Vi58 | 173 | 158 | 161 | {e3
36 | 129 | 162 | 209 | 163 | 164 | 166 | 13&| 156 | 175 | 157 | 158 | {eo
37 | 131 | 167 | 193 | 166 | 170 | 174 o148 | 162 | 174 | 160 | 163 | {66
38 | 196 | 185 | 213 | 174 | 178 | 181 163 | 173 | 182 | 165 | 166 | {67
39 | 144 | 186 | 213 | 178 | 180 |\ 183 | 153 | 163 | 178 | 165 | 167 | {es
40 | 1 | 172 | 210 | 173 | 17657179 | 139 | 163 | 188 | 163 | 164 | 165
s | 145 | 174 | 197 | 14 | 81| 184 | 152 | 164 | 174 | 164 | 168 | {7
42 | 136 | 196 | 236 | 181,-fViss | 187 | 152 | 177 | 194 | 167 | 168 | {69

1

0

3

7

6

8

7

50 13 161

H
(@)}
(o)}
N
P
N S
H
g1
o)
H
g

P

150 EWa| 140
1J7 10T 17U

51 116 163 204 158 159 162 144 163 203 161 161 162

52 125 154 173 161 161 163 137 150 167 156 158 161

53 147 171 194 159 161 163 147 162 175 152 153 155

54 133 152 172 159 160 161 133 145 153 153 154 157

55 133 157 182 161 166 173 135 160 177 157 162 167

56 172 194 223 173 184 194 167 181 191 167 172 177

57 176 202 234 194 198 201 162 173 182 175 176 177

58 168 192 207 200 202 206 164 175 191 175 176 179

59 196 212 232 203 207 212 171 182 203 179 179 180
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Table A.6 (continued)

Month |M1omin |M10mean|M10max |M81min |M8imean|M81max |Y10min |Y10mean|Y10max |Y81min |Y81mean|Y81max
60 | 195 | 219 | 243 | 211 | 213 | 214 | 173 | 181 | 188 | 179 | 180 | 180
61 | 192 | 207 | 230 | 202 | 206 | 211 | 171 | 177 | 185 | 177 | 177 | 179
62 | 176 | 188 | 202 | 190 | 195 | 202 | 166 | 174 | 186 | 176 | 177 | 178
63 | 167 | 188 | 212 | 185 | 187 | 190 | 166 | 179 | 190 | 176 | 176 | 177
64 | 157 | 184 | 210 | 173 | 180 | 185 | 167 | 175 | 182 | 168 | 172 | 176
65 | 143 | 167 | 190 | 166 | 169 | 172 | 153 | 161 | 175 | 167 | 167 | 167
6 | 139 | 164 | 201 | 165 | 167 | 169 | 150 | 169 | 188 | 166 |1p8 | 170
61 | 13¢ | 174 | 214 | 169 | 173 | 175 | 156 | 175 | 195 | 1700 1p1 | 172
o | 144 | 177 | 207 | 174 | 175 | 176 | 151 | 166 | 177 | a8’ | 1po | 17
6d | 145 | 168 | 190 | 165 | 170 | 173 | 152 | 166 | 180 ) 164 | 1p6 | 168
7q | 140 | 163 | 185 | 161 | 165 | 169 | 152 | 166 | 181] 163 | 15 | 167
71 | 130 | 164 | 193 | 153 | 159 | 163 | 135 | 162 J-Ca82 | 155 | 1ho | 163
74 | 128 | 149 | 182 | 143 | 149 | 154 | 137 | 158} 167 | 146 | 1p1 | 155
74 | 109 | 130 | 163 | 132 | 137 | 142 | 116 |38 | 152 | 138 | 1p2 | 145
74 o4 | 131 | 172 | 126 | 129 | 132 | 1135137 | 154 | 135 | 1B6 | 138
79 | 106 | 130 | 158 | 123 | 125 | 126 | 14 | 136 | 161 | 132 | 1p3 | 134
74 o4 | 122 | 147 | 124 | 125 | 128 105 | 130 | 145 | 133 | 1p4 | 136
71 | 103 | 126 | 151 | 127 | 128 | 1385] 122 | 138 | 163 | 135 | 1Be | 137
79 | 113 | 134 | 150 | 129 | 130 |31 | 122 | 138 | 152 | 135 | 1B7 | 137
79 | 118 | 120 | 141 | 126 | 128} 130 | 131 | 135 | 146 | 132 | 1B4 | 135
8] | 106 | 123 | 145 | 125 |.a27 | 130 | 118 | 130 | 142 | 131 | 1p4 | 138
8] | 102 | 133 | 187 | 1261120 | 133 | 110 | 144 | 185 | 136 | 1p8 | 141
83 92 | 134 | 175 | a287| 120 | 131 | 113 | 142 | 177 | 138 | 1p9 | 140
83 84 | 121 | 159 A%121 | 123 | 128 | 100 | 129 | 151 | 128 | 1p2 | 138
84 88 | 112 | 1520 112 | 115 | 120 | 101 | 123 | 143 | 122 | 1p4 | 128
85 o1 | 108 427 | 109 | 111 | 112 | 106 | 117 | 123 | 118 | 1po | 121
8¢ | 90 | 1105} 126 | 107 | 109 | 110 | 108 | 120 | 130 | 115 | 147 | 118
87 95 |08 | 122 | 107 | 108 | 109 | 100 | 113 | 135 | 113 | 1§5 | 116
84 95,104 | 113 | 101 | 104 | 107 | 101 | 111 | 122 | 109 | 11 | 113
8 | 8727 101 | 116 | 101 | 103 | 105 | 94 | 110 | 123 | 100 | 1f2 | 114
o J\79 | 106 | 142 | 102 | 105 | 106 | 90 | 118 | 143 | 113 | 1}6 | 118
91— 83— 66— —435—— 65— —H67——H68——96——H——H6——HF——120 | 121
92 85 | 105 | 131 | 103 | 106 | 108 | 96 | 117 | 136 | 114 | 115 | 117
93 94 | 108 | 131 | 106 | 107 | 109 | 94 | 111 | 131 | 113 | 115 | 116
94 | 99 | 112 | 129 | 107 | 107 | 108 | 107 | 121 | 130 | 113 | 114 | 116
95 87 | 102 | 116 | 101 | 104 | 107 | 100 | 110 | 122 | 111 | 113 | 115
96 83 98 | 117 | 97 99 | 101 | 90 | 110 | 134 | 105 | 108 | 111
97 74 96 | 121 | 94 | 96 97 76 | 101 | 117 | 100 | 103 | 105
98 72 90 | 113 | o1 92 94 77 | 96 | 118 | 97 98 | 99
99 75 88 | 101 | 91 92 94 | 82 95 | 109 | 98 | 100 | 101
100 | 92 98 | 109 | 93 94 | 96 | 93 | 109 | 124 | 101 | 104 | 107

© IS0 2013 - All rights reserved 21


https://standardsiso.com/api/?name=6bca6a49cdc8f3bad083f30a2a9760cf

IS0 14222:2013(E)

Table A.6 (continued)

Month |Miomin |Miomean|M10max |M81min |Mgimean | M81max |Y10min |Y10mean|Y10max |Y81min |Y81mean|Y81max
101 | 79 | 93 | 107 | 94 | 95 | 97 | 87 | 104 | 116 | 105 | 106 | 108
102 | 71 | 95 [ 123 | 92 | 93 | 95 | 75 | 106 | 126 | 101 | 103 | 105
103 | 72 | 94 [ 118 | 90 | 92 | 94 | 79 | 99 | 121 | 97 | 101 | 104
104 | 72 | 90 [ 105 | 87 | 89 | o1 | 74 | 99 | 115 | 90 | 93 | o8
105 | 71 | 81 | 93 | 85 | 8 | 8 | 60 | 77 | 89 | 86 | 88 | 90
106 | 76 | 84 | o1 | 84 | 8 | 87 | 81 | 90 | 104 | 86 | 87 | 89
107 | 8p | 92 | 107 | 86 | 8 | 8 | 90 | 97 | 108 | 86 | 89 |h.p1
108 | 75 | 86 | 102 | s2 | 85 | 86 | 62 | 82 | 98 | 7 | sic} Be
100 | 72 | 78 | 86 | 79 | 80 | 82 | 53 | 66 | 77 | 72 |74 | Pe
10 | 7p | 76 | 81 | s0 | 81 | 83 | 62 | 72 | 88 | m.l77 | B2
11 | 77 | 88 [ 108 | 83 | 84 | 86 | s2 | o1 | 104 | 8| 84 | B7
12 | ep | 87 | 106 | 84 | 85 | 86 | 74 | 87 | 101 J{Bs | 86 | B7
13 | 7p | 79 | 87 | 80 | 81 | 84 | e8 | 81 | 9t 80 | 82 | PBe
14 | 7p | 79 | o1 | 78 | 78 [ 80 | 59 | 78 [¢95 | 80 | 80 | 1
1s | e | 77 | 83 | 77 | 78 | 79 | 63 | 825V 97 | 79 | 81 | B2
116 | e6p | 77 | 92 | 75 | 76 | 78 | e6 | ®0 | 93 | 77 | 78 | Bo
17 | ep | 72 | 83 | 7 | 75 | 76 | s8 d V6o | 84 | 78 | 78 | o
18 | e | 77 | 86 | @ | 75 | 76 | 725 87 | 97 | 79 | &1 | B3
119 | ep | 76 | 89 | 76 | 77 | 77 Joe1 | 83 | 106 | 80 | 83 | B4
120 | e | 77 | 88 | 7a | 75 | 76 e | 81 | 90 | 72 | 7 | o
121 | e | 74 | 8 | 71 | 73 [ 74 | s6 | 64 | 86 | 66 | 69 | P2
122 | ep | 68 | 74 | 60 | 693”71 | 59 | 63 | 70 | 62 | 64 | be
123 | g | 68 | 80 | 69 | . 697| 71 | 55 | 65 | 89 | 65 | 66 | s
124 | ep | 70 | 80 | 087 | 72 | 57 | 69 | 83 | 68 | 69 | po
125 | ep | 73 | 80 | A | 72 | s5s | 69 | 87 | 65 | 67 | po
126 | et | 70 | 76 4568 | 69 | 71 | s6 | e4 | 81 | 61 | 63 | 5
127 | ep | 66 | 705 66 | 67 | 68 | 56 | 59 | 64 | 58 | 59 | |
128 | ep | 64 |07 | 65 | 65 | 66 | 54 | 57 | e1 | s6 | 57 | b8
129 | ot | 64~V 67 | 65 | 65 | 67 | 52 | 55 | 58 | 56 | 56 | b7
130 | ep | w5 | 70 | 68 | 70 | 72 | s5 | 57 | 60 | s8 | 60 | fo
131 | e, N80 | 94 | 72 | 72 | 72 | 54 | e6 | 8 | 58 | 59 | o
132 | e——67—T—+—T—68—1—F——F>——46——52——6+——52——56——58
133 | 64 | 68 | 7 | 66 | 67 | 7 | 49 | 51 | s5 | 51 | s2 | s3
134 | 64 | 67 | 71 | 66 | 67 | 67 | 49 | 55 | 72 | 52 | 53 | s3
135 | 62 | 66 | 71 | 66 | 66 | 66 | 47 | 51 | 66 | 52 | 52 | s2
136 | 63 | 65 | 70 | 65 | 65 | 66 | 48 | 50 | 53 | 49 | 50 | s2
137 | 62 | 63 | 65 | 63 | 64 | 64 | 47 | a8 | 50 | 48 | 49 | 49
138 | 60 | 62 | 65 | 62 | 63 | 63 | 46 | 48 | 490 | 48 | 48 | 48
139 | 61 | 62 | 63 | 62 | 62 | 62 | 47 | a7 | a8 | 47 | 47 | s
140 | 60 | 62 | 63 | 62 | 62 | 62 | 46 | 47 | a8 | a7 | a7 | 48
141 | 61 | 63 | 65 | 62 | 62 | 62 | 47 | 48 | 49 | 48 | 48 | 48
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Table A.6 (continued)

Month M10min |M1i0mean|M10max [M81min |M81mean|M81max |Y10min |Y10mean|Y10max |[Y81min |Y81mean|Y81max
142 60 62 65 62 62 62 46 48 49 47 47 48
143 60 61 64 62 62 62 46 47 49 47 47 47

A.8.1 ]B2008 long-term 25-year solar variability

As a guide for orbit lifetime planning and debris mitigation purposes, it is often useful to have a 25-
year estimate of atmosphere den51ty Varlablllty thatis drlven by solar indices. The followmg procedure

2)

3)

A.8.

Tabl
=514,

140,

(F1o.
100},

220,

Tab

and A6; the most useful index for this is the Fg1 mean value in Table A.5; the start m
beginning, rise, maximum, decline, or end of a cycle; for example, to plan a mission with
aunch in 2012 and to estimate its 25-year lifetime, the assumption would'be made that]
jtartis approximately at the maximum of cycle 24; an appropriate datein cycle 23 woulg
fuch as Month 60 where the Fg1 mean value is 223; the Fg1 mean ¥alte can be used a
indicator of solar cycle phases;

form a consecutive set of monthly proxy and index values-By concatenating onto Tal

ear JB2008

n Tables A.5
ay be at the
a spacecraft
the mission
|l be selected
generalized

bles A.5 and

A.6 the Month 0 line of the Tables starting in place of Month 124; although solar cycles are often

thought of as 11-year cycles, there is actually a range ofgycle periods and this method
dcceptable solar cycle length of 124 months (10 years,4 months) where the discontiny
the end of one cycle and the start of another cycleds‘minimized; the cycle start in the t
is Month 0, the peak is Month 60, and the cycle end is Month 123 when the table is us
multiple cycles; it is typical for a solar cycle to-have a faster rise to maximum and a sl¢
o minimum; the solar cycle minimum is the lowest average value following the peak
this method has a slight high flux bias b{pexcluding the lowest solar activity condition
ghorter solar cycles; and

Repeat this process for as many mdnths, years, or solar cycles as are needed.

2

JB2008 altitude profiles of total density

t A.7 shows the JB2008.altitude profiles of total density p [kg m-3] for low (F10.7 = F10.74
7avg = 60, M10.7 = M10.7avg =60, Y10.7 = Y10.7avg = 60, Ap = 0, Dst = -15), moderate (F10.
510.7 = $10.7avg = 425, M10.7 = M10.7avg = 125, Y10.7 = Y10.7avg = 125, Ap = 15, Dst = -15), hig
7 = F10.7avg =280, S10.7 = S10.7avg = 220, M10.7 = M10.7avg = 220, Y10.7 = Y10.7avg = 220, A
and high short-term (F10.7 = 300, F10.7avg = 250, S10.7 = 235, S10.7avg = 220, M19.7 = 24
V10.7 = Yo yavg = 220, Ap = 240, Dst = -300) solar and geomagnetic activity.

q

results in an
ity between
hble data set
ed to create
wer decline
of the cycle;
s and favors

g = 65,510.7

= F10.7avg =
h long-term
L, =45, Dst =
0, M10.7avg =

le A.7'— Altitude profiles of total density from JB2008 for low, moderate, and high long-and
short-term solar and geomagnetic activity |

High activity (long

H (km) Low activity Moderate activity term)

High activity (short
term)

100 5.31E-07 5.47E-07 5.44E-07

5.43E-07

120 2.18E-08 2.40E-08 2.45E-08

2.46E-08

140 3.12E-09 3.98E-09 4.32E-09

4.45E-09

160 9.17E-10 1.36E-09 1.54E-09

1.60E-09

180 3.45E-10 6.15E-10 7.40E-10

7.77E-10

200 1.47E-10 3.17E-10 4.10E-10

4.38E-10

220 6.96E-11 1.77E-10 2.46E-10

2.70E-10
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Table A.7 (continued)
High activity (long High activity (short
H (km) Low activity Moderate activity term) term)
240 3.54E-11 1.05E-10 1.56E-10 1.77E-10
260 1.88E-11 6.47E-11 1.04E-10 1.21E-10
280 1.03E-11 412E-11 7.12E-11 8.57E-11
300 5.86E-12 2.69E-11 5.00E-11 6.22E-11
320 3.40E-12 1.80E-11 3.59E-11 4.60E-11
340 2.02k-12 1.25k-11 2.01E-11 5.4bh-lln‘
360 1.22E-12 8.48E-12 1.93E-11 2.63EAM
380 7.46E-13 5.95E-12 1.44E-11 2,02841
400 4.63E-13 4.22E-12 1.09E-11 AAS7E-11
420 2.92E-13 3.02E-12 8.32E-12 n 123611
440 1.87E-13 2.18E-12 6.40E-12 1O 96912
460 1.21E-13 1.59E-12 496812 \f 7.70E-12
480 8.04E-14 117E-12 3.87E-12,, 6.16E-12
500 5.44E-14 8.60E-13 3.04512) 4.95E-12
520 3.77E-14 6.39E-13 2.40E-12 4.01E-12
540 2.68E-14 4.77E13 191E-12 3.25E-12
560 1.96E-14 3.58E-13 0 152B12 2.66E-12
580 1.47E-14 271643 Y 122812 2.18E-12
600 1.14E-14 206613 | 9.82E-13 1.79E-12
620 9.10E-15 157E43 7.93E-13 1.48E-12
640 7.41E-15 1.20813 6.43E-13 1.23E-12
660 6.16E-15 . 9.28E-14 5.22E-13 1.02E-12
680 5.22E-15 N 7.19E-14 4.25E-13 8.49E-13
700 450615 (U7 5.60E-14 3.47E-13 7.09E-13
720 3.936-15 -\ 4.40E-14 2.84E-13 5.94E-13
740 3.48E45" 3.48E-14 2.34E-13 4.98E-13
760 3.40B45 2.79E-14 1.92E-13 4.19E-13
780 27915 2.26E-14 1.59E-13 3.54E-13
800 | [ 2.538-15 1.85E-14 1.32E-13 2.99E-13
820 |~} 230815 1.53E-14 1.10E-13 2.54E-13
840 — Z.11E-15 1.Zok-14 9.21E-14 Z.16E-15
860 1.94E-15 1.08E-14 7.72E-14 1.84E-13
880 1.78E-15 9.27E-15 6.50E-14 1.57E-13
900 1.65E-15 8.01E-15 5.49E-14 1.35E-13
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Annex B
(informative)

Natural electromagnetic radiation and indices
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and geomagnetic activities are often described by indices. Thé\UV radiation of thq
1gly affects the Earth’s atmosphere, cannot be directly measuredyfrom the ground. But

strongly correlated with, for example, the sunspot number@nd the cm wavelength St
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it which is highly variable over a solar cycle.

hagnetic indices typically describe the variation of the'geomagnetic field over a certain
provide a measure of the disturbance of the maghetosphere which has direct consequg
bed particle space environment, or the external.component of the geomagnetic field.

and geomagnetic indices are used as input for upper atmosphere and other models
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Electromagnetic radiation and indices

| Solar constant

olar constant is defined as the radiation that falls on a unit area of surface normal to t

de the scope

he line from
e Earth-Sun

un, perunit time, outside the atmosphere, at one astronomical unit (1 AU = averag
nce) The currently measured 1-sigma standard deviation in the composite datasetis ap

B.2.2 Solar spectrum

B.2.2.1 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

flare
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B.2.2.2 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 ionosphere.

B.2.2.3 Ultraviolet or UV (100 nm to 400 nm)

UV solar flux is emitted primarily from the base of the Sun’s chromosphere layer, and has components
due to active and quiet solar conditions. This band is responsible for only 1 % of the total solar irradiance,
butitis important because below 300 nm, it is completely absorbed by ozone and diatomic oxygen atoms
in the Earth[s upper atmosphere.

B.2.2.4 Visible, optical or VIS (380 nm to 760 nm)

Visible light|comes from the solar photosphere, which is only about 400 km thick, has@ temperatyre of
approximately 5 000 to 6 000 degrees Kelvin, and yet is responsible for the greatestipércentage qdf the
total solar radiation.

B.2.2.5 Infrared or IR (0,70 pm to 1 mm)

Solar infrarfed in this range is responsible for the direct heating ofthe Earth’s lower atmosphere,
through absorption by H»0, and has an effect on minor species constittlents in the Earth’s mesosphere
and thermogphere.

[SO 21348 ojn determining solar irradiances provides more details on the solar spectrum.

B.2.3 Solgr and geomagnetic indices — Additiopal information

Solar and ggomagnetic indices are used to describe the activity levels of the Sun and the disturbarnce of
the geomaghetic field. Most activity indices are-givéen for short periods and as long duration averpges.
They are also used for long range predictions of solar activities. Many space environment mgdels
require actiyvity index values as input parameéters. Geomagnetic activity indices are used to desfribe
fluctuationg of the geomagnetic field.

B.2.3.1 Sunspot number

The sunspof number (R, alternatively called R; or R;) is a daily index of sunspot activity, defined ag

R=k(104+s) (B.1)
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.

B.2.3.2 Fq07

F10.7 (abbreviated F1g) is the traditional solar energy proxy that is used both for NRLMSISE-00 and
JB2008 atmosphere models and the Earth GRAM 2007 model. It corresponds to the solar radio flux
emitted by the Sun at 2 800 megaHertz (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
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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
Eart sted value is

A 11 +lo L. Loto 1 1 £l A | i + £ +lo L L. p
L. 1 ulau_y, LIIC dUSUIULU ITVUIS Ldadl l_y LIIT CTI1TUL TTUULLIUIT ULIT DLC}J TUILLIICT, IItrT Tadtll Clblju
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plied by 0,90 to compensate for uncertainties in antenna gain and in waves reflected fron

The physical units of F1g97 are 10-22 Wm-2Hz1; the numerical value is used without t
customarily done and expressed as solar flux units (sfu). In other words, a 10;7 |ein radi
10-22 W m-2Hz-1 is simply referred to as F19.7 = 150 sfu.

and the sunspot number, R, are correlated. Averaged (over one month' or longer) v3
erted by the following expression:

10.7 = 63.7 + 0.728R + 8.9 x 10 -4R2

3 E1o07

ugh not used in atmosphere models described earlier, E197 is the integration in the ran
m of the energy flux of solar irradiance, reportedin solar flux units (sfu) or x10-22 Wat|
red per Hertz.

4 S107

pscribed by Tobiska et al. (2008) the S10.7 index is the integrated 26 - 34 nm solar irr
pasured by the Solar Extreme-ultpaviolet Monitor (SEM) instrument on the NASA/ES
spheric Observatory (SOHO), research satellite. SOHO has an uninterrupted view of
hting in a halo orbit at the Lagrange Point 1 (L1) on the Earth-Sun line, approximately 1,
the Earth. SEM was built and is operated by University of Southern California’s (USC) S
er (SSC) PI team (Judge.et'al, 2001). SET provides an operational backup system called |

1 the ground.

he multiplier
emission of

1lues can be

(B.2)

ge from 1 to
s per metre

hdiance that
A Solar and
the Sun by
b million km
bace Science
\PEX for the

data processing as well'as creates and distributes the S19.7. SOHO was launched on December 2, 1995

EM has been making observations since December 16, 1995. The SEM instrument meas

34 nin solar EUV emission with 15-second time resolution in this first order broadband wavel

$10.7 indexis an activity indicator of the integrated 26 - 34 nm solar emission and is cre

alizing-thé data, then converting it to sfu via a first degree polynomial fit with F1¢7.

ures the 26 -
ength range.

ated by first
Spikes from
is achieved
over a time
he common

time frame is December 16, 1995 to June 12, 2005, which is generally equivalent to solar cycle 23. The
resulting index is called S19.7.

In addition to this basic derivation, corrections to S1g9.7 are made as follows. The originally released
version of S197 (v1.8) ranged from January 1, 1996 to December 30, 2005. In versions 3.0 - 3.9 used
by JB2008, the S1p.7 values between those dates are the original ones derived in v1.8. However, in
versions 3.0 - 3.9 after June 12, 2005, a slight long-term trend was removed to ensure that similar values
at the minima of solar cycles 22 and 23 were achieved. For JB2008, (S19.7 values v4.0 and higher) a
new derivation was completed as given in Equation B.3 and there may be slight differences of <0,5 %
compared to earlier versions of S1g.7. Figure B.1 shows S19.7 and the Sg1 (81-day centred smoothed)
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values (v4.0) for solar cycle 23 from January 1, 1997 to January 1, 2009. Daily updated values are found
at the JB2008 menu link on the SET http://spacewx.com website.

S10.7 = (-2,901 93) + (118,512) * (SOHO_SEM2¢ _34/1,995 5 x 1010)
(B.3)

300[

200}

sfu

100F #

ot

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

1 1 1 1 1 1 1 1

Figure B.[L — S10.7(v4.0) daily and 81-day smoothed values for use by the JB2008 model from

January 1, 1997 to January 1, 2009

bric He I at 30,4 nm and coronal Fe XV at 28,4nm dominate the broadband SEM 26 - 3
but that bandpass includes contributions from other chromospheric, transition region
5. We note thatwhen the SOHO SEM and TIMED SEE 26 — 34 nmintegrated dataare comp
'ferences in the time series particularly during active solar conditions. It is possible th4
heasurements are slightly contaminated with 2nd order emissions from the coronal 17,
at have not been removed; however, this topic needs further investigation. The energy in
ks principally comes from solar active regions, plage, and network. Once the photons feach
ey are deposited (absorbed]'in the terrestrial thermosphere mostly by atomic oxygen above
200 km. We|use the daily S1¢.7 indek and its 81-day running centre-smoothed values, Sg1, with a 1-day
lag (the besf correlation with satellite density residuals) as described in Bowman, et al. (2008a). We
infer the 1-dlay lag is consistent’with the average atomic oxygen thermal conduction timescale ip the
thermosphere above 180 kn:
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B.2.3.5 Mjo7

Tobiska et al
ratio that o

(2008).describe the development of the M1¢ 7 index. Itis derived from the Mg I core-to-
iginated from the NOAA series operational satellites, e.g.,, NOAA-16,-17,-18, which hog

Solar Backs

wing
t the

catter Ultraviolet (SBUV]) spectrometer (Heath and Schlesinger, 1986; Viereck et al., 2

D01).

This instrument has the objective of monitoring ozone in the Earth’s lower atmosphere and, secondarily,
making solar UV measurements. In its discrete operating mode, a diffuser screen is placed in front of
the instrument’s aperture in order to scatter solar middle ultraviolet (MUV) radiation near 280 nm
into the instrument. Although the NOAA data are from operational satellites, the SORCE/SOLSTICE and
ERS-2/GOME research satellites also make the Mg Il cwr measurements.

On the ground, the Mg II core-to-wing ratio is calculated between the variable lines and nearly non-
varying wings. The result is a measure of chromospheric and some photospheric solar active region
activity is referred to as the Mg Il core-to-wing ratio (cwr), and is provided daily by NOAA Space
Environment Center (SEC). The ratio is an especially good proxy for some solar FUV and EUV emissions
and it can represent very well the photospheric and lower chromospheric solar FUV Schumann-Runge
Continuum emission. The daily Mg Il cwr is used in a linear regression with F1g7 to derive the M1g.7
index for reporting in F19 7 units and with a 5-day lag.
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The 280 nm solar spectral band contains photospheric continuum and chromospheric line emissions.
The Mg Il h and k lines at 279,56 and 280,27 nm, respectively, are chromospheric in origin while the
weakly varying wings or continuum longward and shortward of the core line emission are photospheric
in origin. The instruments from all satellites observe both features. On the ground, the ratio of the Mg
I variable core lines to the nearly non-varying wings is calculated. The result is mostly a measure of
chromospheric solar active region emission that is theoretically independent of instrument sensitivity
change through time. However, long-term changes can occur in the index if instrument wavelength
calibrations change in-flight or the solar incidence angle into the instrument changes. The daily Mg II
core-to-wing ratio (cwr), described by Viereck, et al. (2001), has historically been provided through the
NOAA Space Weather Prediction Center (SWPC). Itis likely, however, that the index values at NOAA SWPC
are presently uncorrected. SET has developed and provides a corrected, operational Mg II cwr data
product (Mgllewr sgT) available at the Products menu link of http://spacewx.com that usep the NOAA-
16, -17, -18, SORCE/SOLSTICE, and ERS-2/GOME data sources. Bouwer (2008) describes the detailed
procgessing of the Mgllcwr sgT product. The NOAA data come directly through NOAA'NESDIS and SET
uses|the DeLand algorithm (DeLand and Cebula, 1994; Cebula and DeLand, 1998) to,create[the index.

M10.7
300 C T T T T T T T T T T T

Q 1 1 1 1 1 1 1 1 1 1 L

1997 1998 1999 2000 2001, 2002 2003 2004 2005 2006 2007 2008 2009

Figure B.2 — M19.7 (v4.0) daily and-81-day smoothed values for use by the JB2008 model from
Janutary 1, 1997 to January 1, 2009

The Mg Il cwr is an especially good proxy for some solar FUV and EUV emissions. It well represents
photpspheric and lower chrémospheric solar FUV Schumann-Runge Continuum emission pear 160 nm
that maps into lower the¥mosphere heating due to O, photodissociation (Bowman, et al., 2008a). Since
a 160 nm solar FUV emission photosphere index is not produced operationally, the Mgllcyr SET proxy
is uspd and modified into the M1g 7 index for comparison with the other solar indices. This derivation
is pefformed in the following manner. A relationship between the long-term (multiple solaf cycle) daily
Mglliwr seT andF10.7 is created by making a first-degree polynomial fit to produce a cdefficient set
that fan translate the index into sfu. The result is M*1g 7. Next, a correction is added for the decline of
solaif cycle23 to account for NOAA 16 instrument degradation that may be related to its diffuser screen
illurg 1nat10n geometry changmg with t1me this cause is unconflrmed The correction is a¢complished
by udi 2 arting 2448542.0
JD (October 12,1991 12 00 UT) near the peak ofsolar cycle 22. The trend ratio is formed from the 365-
day centre smoothed M*1y 7 divided by the 365-day centre smoothed F1g7. Equation (B.4) is the final
v4.0 formulation of the M1g 7 index, shown in Figure B.2. The derived Mg 7 index is reported in sfu, i.e.
F10.7 units with a lower threshold minimum value set to 60. There may be slight differences of up to 1 %
compared to earlier versions of Mg 7.

Mig.7 = [-2 107,6 186 + (8 203,0 537)*(Mgllewr seT)] + [(M*10.7)*(1,289 058 9 + (-8,377 723 5 x 10-
5)*x - 1]

(B.4)

The day number x = 0, 1, 2, ... with x = 0 equivalent to starting on 244 854 2,0 JD. Figure B.2 shows the
M19.7 index during solar cycle 23 from January 1, 1997 to January 1, 2009.
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The daily M1¢.7 and its 81-day running centre-smoothed values, Mgy, are used with a 2-day lag in JB2008
as a proxy for the Schumann-Runge continuum FUV emission (Bowman, et al, 2008a). Originally, the
JB2008 model, which did not use Y10.7, had alag time for M19 7 of 5 days since the index was incorporating
a combination of lag times from several energy transfer processes in the lower thermosphere to the
mesopause. However, with the addition of the lower altitude (85 - 100 km) relevant Y17 index, a shorter
lag time was appropriate for M1g 7, which represents O, photodissociation, recombination, conduction,
and transport processes at the 95 - 110 km level. We infer the 2-day lag is consistent with the average
molecular oxygen dissociation and thermal conduction timescale in the thermosphere above 95 km,
although eddy and turbulent conduction processes may play a role.
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Bouwer (2005) used the GOES/XRS 0,1 - 0,8 nm data to develop an index of the solar
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Figure B.3 — Y10.7 (v4.0) daily and 81-day smoothed values for use by the JB2008 model from
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January 1, 1997 to January 1, 2009.
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