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GOES-R is scheduled for a 13 Oct 2016
launch 21:43 GMT (17:43 EDT) from the
Cape Canaveral Air Force Station. The
GOES-R series of spacecraft will offer
unprecedented operational capabilities for
serving NOAA'’s space weather mission.
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https://www.youtube.com/watch?v=RqOYmojuAhA&feature=youtu.be&list=PLY6u3ZR91o24FazYzKeZ3TcGMS-piUBho
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Space Environment Overview: 1983-01-01 - 2014-12-31
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»53 GOES Magnetometer - Dally Means: Hp He
1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Mag Storms

Start Date Max Date End Date C-Class Flares M-Class Flares X-Class Flares lon Storms Ap® =40

Solar Cycle 22 1986-03  1989-07 1996-06 12,447 2,021 151 73 191
Solar Cycle 23 199e-06  2000-03  2008-01 13,102 1,437 126 92 158
Solar Cycle 24 * 2008-01  2014-04 TBD 5,288 488 35 32 25
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Marion Wood (Ieft) and Hope Lelghton (right) preparing the North Pacific Radlo Propagatlon Forecast

Public Law 619 (July 22, 1950) — *“authorizes the DOC to mvestlgate condltlons which affect the
transmission of radio waves from their source to a receiver, the compilation and distribution of information
on such transmission of radio waves as a basis for choice of frequencies to be used in radio operation,
the prosecution of such research in engineering, mathematics, and the physical sciences.” See also 15
USC Section 1532 and DOO 10-15. (Reference the DOC’s High Latitude Monitoring Station)
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Presentation Notes
With the advent of radiowave communications in the 1900s both the presence and structure of the earth’s ionosphere were recognized as being vital to long-range communications as radiowaves were reflected, refracted and absorbed by the ionospheric medium.  In 1929 the National Bureau of Standards (NBS) within the U.S. Department of Commerce (DOC) initiated a research program to study the vertical structure of the ionosphere. Radiowave communications became critical to the war effort during World War II which led to the formation of the NBS Inter-Service Radio Propagation Laboratory in 1942 [Gladdin, 1959].  It was known at the time that disturbances in the geospace originating from the sun affected technology systems such as communications but also power distribution, telegraphs and transportation systems [Odenwald, 2015].  The Central Radio Propagation Laboratory (CRPL) was created within the DOC in 1946 to centralize research and predictions in the field of radio propagation, investigating solar and geophysical effects and ionospheric data responsibilities [Norton, 1947].  Figure 2 is an undated NBS photograph depicting sunspot analysists preparing the North Pacific Radio Propagation Forecast (H. Coffey, private communication, 2016)

15 U.S.C. § 1532 - authorizes the DOC to conduct research on all telecommunication sciences, including wave propagation and reception, predictions of electromagnetic wave propagation condition and disturbances in such conditions, disseminating general scientific and technical data relating to these functions.“

DOO 10-15 - directs the NOAA Administrator to "observe, collect, communicate, analyze, and disseminate comprehensive data and information about the state of the upper and lower atmosphere, .  .  . and of the Earth, the Sun, and the space environment" and "operate and maintain a system for the storage, retrieval and dissemination of data regarding .  .  . the Earth, the Sun, and the space environment."




On 2/25/2016 1:07 PM, Helen Coffey wrote:�
Hi Bill,��
Re Sunspot Ladies -- Marion Wood and Hope Leighton -- preparing the North Pacific Radio Propagation Forecast�
�
I talked with Hope Leighton about identifying the women in the sunspot ladies photo.  She said the lady on the left is Marion Wood who worked with her back in the 1960s(?).  Hope is indeed the woman on the right.  Hope came to Boulder in 1954, after spending some years in Alaska doing  the NPRP forecasts for J. Virginia Lincoln beginning in 1951.  She worked for JVL in Boulder, first in CRPL and later ESSA, then NOAA.  ��
From the information on the blackboard in the photo, I'm trying to determine a date of the Forecast (February).  The daily sunspot drawings are scarce back then, but I'll keep looking.  I almost think it's 1959, but want to look further.��
Also, there may be some information about the North Pacific Radio Propagation data in the NGDC archives (maybe SGD Descriptive Texts).  I'll try checking for this.  It's probably a one week forecast.��Hope is going blind and had some help from her nephew, but she is sure about the identification of the women.��
--Helen�


https://www.law.cornell.edu/uscode/text/15/1532
https://www.law.cornell.edu/uscode/text/15/1532
http://www.osec.doc.gov/opog/dmp/doos/doo10_15.html
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Bursts Of Cosmic Rays
 Imperil Space Travelers

BERKELEY, Calif. (AP)—An.
other potentially deadly radiation
hazard for space travelers was re-
horted today by researchers who|
sampled the upper alr of the arctic
region with instrument-carrying

“balloons.

During perlods of solar flares
the investigators found that the
top of the earth's atmosphere near
the polar reglon was showered|fle
with stupendous bursts of cosmie

rays.
This radlation was 10,000 to100,.
000 times above normal, said Dr.

Trenton Times
(15 Oct 1959)

Robert ‘A, Brown, physielst, and
Ray D'Aroy, graduate student, of
the University of California,

Dr. Brown made his report alter
returning here from College, Alas-
ka, where the balloon flights were

. Cosmlc rays are more in-
lenu In the polar areas because
they encounter less interference
thﬁe from the earth’'s magnetic

The experimenters put up a
balloon [mmedlatcly after the
Unlversity of Alaska detocted a
solar flare, A solar fare s a
sudden brightening of the sun's
surface In the vicinlty of a sun~

spot,

Space radiation exposure was recognized as a risk that needed to
be considered for manned spaceflight. In 1960 NASA established
the Solar Particle Alert Network (SPAN). During Apollo missions
SPAN data were relayed to the Space Environment Console at the
|\/|ISSIOn Control Center in Houston, Tx. (also AF SOFNET/SEON)
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Presentation Notes
In 1958, at the dawn of the space age, rocket scientists made another startling discovery that the space environment was “radioactive” in the sense that energetic charged particles were an inherent and ubiquitous feature of space [McDonald and Naugle, 2008].  Figure 3 is a popular photograph depicting James Van Allen (center) between William Pickering (left) and Wernher von Braun (right) holding a replica of the Explorer I satellite. Using data from Explorer 1 satellite Dr. Van Allen theorized the existance of the Earth’s radiation belts that now bear his name. Following this discovery it was soon recognized that space radiation would have an impact on manned spaceflight and that real-time monitoring of the near-earth space environment was necessary to safeguard astronaut health and safety.  As our knowledge of space weather matured we came to understand that the near-earth space environment was enveloped in various sources and levels of energetic charged particle radiation and that the terrestrial magnetic field provided a protective shield that blocked most, but not all, of the incoming radiation at the surface. NASA’s main concern at the time was that Apollo astronauts traveling outside this protective shield would be exposed to elevated fluxes of particles emitted from the sun during solar flares.  A goal for space weather operations at the time was to monitor and forecast the occurrence of solar particles events in order to minimize astronaut risk.



Before GOES — Early Satellites

SOLar RADiation (SOLRAD, 1960-
1976) — Determined relationship
between solar x-rays and radio-wave
fadeouts. Non operational.

Vela Hotel (She Watches Over, 1963-
1971) — 1963 Partial Test Ban Treaty
compliance but detected solar events.

Advanced Technology  Satellites
(ATS, 1966-1977) — Demonstrated
utility of geosynchronous orbit for
meteorological monitoring.

Synchronous Meteorological Satellites
(1974-1979) — Immediate predecessor
to GOES,; Identical to GOES 1-3

Memorandum to David Johnson from
George Benton (04 Mar 1969)

‘I am pleased to submit to you in outline
our firm requirements for operational space
disturbance monitoring from the first GOES
satellite. These are for operational
monitoring of energetic protons, alpha
particles and solar x-rays in the 1 — 8
and 0.5 — 3 Angstrom bands.”

Dr. George Benton David Johnson

ESSA Research National Environmental
Laboratories (ERL) Satellite Center (NESC)

(unsigned file copy, courtesy Dick Grubb)
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GOES Flyout Chart

NOAA Geostationary Satellite Programs @
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GOES
Particles

GOES
X-rays

Solar Radiation Storms

NOAA Space Weather Scales

Flux level of =
10 MeV

particles (ions)*

Number of events when
fMlux level was met**

B_mj_qgmi_l idable high radiation hazard 1o on EVA (exu hicular activity): f and 10° Fewer than 1 per eycle
crew in high-flying aircraft at high latitudes may be exposed to radiation risk, ***
Satellite operations: satellites may be rendered useless, memory impacts can cause loss of control, may cause
S 5§ | Extreme | serious noise in image data, star-trackers may be unable 1o locate sources; permanent damage to solar panels
possible.
Other systems: complete blackout of HF (high freq v) ications possible through the polar regions,
and position errors make navigation operations extremely difficult.
Biological: idable radiation hazard to on EVA; p gers and crew in high-flying aircraft at 10" 3 per cycle
high latitudes may be exposed to radiation risk.***
S4 | severe Satellite operations: may expcnencl: memory device problems and noise on imaging systems; star-tracker
* bl may cause ori 1 and solar panel efficiency can be degraded.
gy_mm blackout of HF ladto communications through the polar regions and increased navigation errors
over several days are likely.
Biological: radiation hazard avoidance recommended for on EVA; rs and crew in high-flying 10 10 per cycle
aircraft at high latitudes may be exposed to radiation risk.***
S 3 Strong Satellite operations: single-event upsels, noise in imaging systems, and slight reduction of efficiency in solar
panel are likely.
Other systems: degraded HF radio propagation through the polar regions and navigation position errors likely.
Biological: passengers and crew in high-flying aircrafi at high latitudes may be exposed to elevated radiation 10 25 per cycle
risk.***
S2 Moderate | Satellite operations: infi L upsels possit
Other systems: effects on HEF pwpugalnm through the polar regions, and navigation at polar cap locations
possibly affected.
Biological: none. 10 50 per cycle
S1 | Minor | Satellite operations: none.
Other systems: minor impacts on HF radio in the polar regions.
o Flux levels are § minute averages. Flux in particless™ ster” 'm™ Based on this measure, but other physical measures are also considered.
**  These events can last more than one day.
***  High energy panticle (=100 MeV) are a better indicator of radiation risk 1o passenger and crews. Pregnant women are particularly susceptible.
. GOES X-ray Number of events when
Radlo Blackouts peak hrighuﬁess flux level was met;
by class and by | (number of storm days)
flux*
HF Radio: Complete HF (high freq **) radio blackout on the entire sunlit side of the Earth lasting for a X20 Fewer than 1 per cycle
number of hours. This results in no HF radio contact with mariners and en route aviators in this sector. (2x1 D"’]
R § | Extreme | Navigation: Low-frequency navigation signals used by maritime and general aviation systems experience outages
on the sunlit side of the Earth for many hours, causing loss in positioning. Increased satellite navigation errors in
positioning for several hours on the sunlit side of Earth, which may spread into the night side.
HEF Radio: HF radio communication blackout on most of the sunlit side of Earth for one to two hours. HF radio X10 8 per cycle
R4 | severe | contactlost during this time. - . - (107 (8 days per cycle)
Navigation: QOutages of low-frequency navigation signals cause increased error in positioning for one 1o wo
hours. Minor disruptions of satellite navigation possible on the sunlit side of Earth.
HF Radio: Wide area blackout of HF radio communication, loss of radio contact for about an hour on sunlit side | X1 175 per cyele
R 3 |strong of Earth. (10 (140 days per cycle)
Mavigation: Low-frequency navigation signals degraded for about an hour.
HF Radio: Limited hlackout of HF radio communication on sunlit side of the Earth, loss of radio contact for tens | M3 350 per cvcle
R 2 | Moderate | of minutes. (3x10%) (300 days per cycle)
Navigation: Degi of low-fi navigation signals for tens of
HF Radio: We:lk Or minor degmdauon of HF radio communication on sunlit side of the Earth, occasional loss of | M1 2000 per cycle
R 1 | Minor radio contact. (10°%) (950 days per cycle)
Navigation; an-l'rgucnu! navigation signals degraded for brief intervals,
. Flux, measured in the 0.1-0.8 nm range, in W-m". Based on this measure, but other physical measures are also considered.

**  Other frequencies may also be affecied by these conditions,
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Space Weather Sensors

Space Environmental In-Situ Suite

(SEISS)

W Solar Ultra-Violet Imager
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What is space

What benefits will the GOES-R space

weather?
The changing environ-
mental conditions from
the sun’s atmosphere are

and X-ray

th ission provide?

Solar i0ns can cause

Sensor (EXIS) : =

and solar radiation storms, which can
disrupt power utilities, communication

Space Environment
known as space weather. In-Situ Suite (SEISS) 4nd navigation systems, damage
Space weather Solar Ultraviolet : satellite electrical systems, and may
is caused by Imager (SUVI) C N cause radiation damage to orbiting
electromagnetic i Magnetometer satellites, high-latitude aircraft, and the

radiation and charged particles

being released from solar storms.

Changes in the magnetic field and

a continuous flow of solar particles during a powerful

storm headed to Earth can cause disruption to communi-

cations, navigation, and power grids as well as result in
ft damage and exp 1o d diati

How will GOES-R itor space ther?

International Space Station, The GOES-R
series SUVI and EXIS instruments will provide
improved imaging of the sun and detection of solar
cruptions, while SEISS and MAG will provide more
accurate monitoring, respectively, of energetic particles
and the magnetic field variations that are iated
with space weather. Together, observations from

these instruments will enable NOAA’s Space Weather

The GOES-R series of satellites will host a suite
of instruments that provide significantly improved
detection of approaching space weather hazards. Two

I ion Center to significantly improve space weather
forecasts and = e ;
provide early A 5
waming

P 2 will solar ull I
light and x-rays. The Solar Ultraviolet Imager (SUVT)
will observe and characterize complex active regions of
the sun, solar flares, and the eruptions of solar filaments
which may give rise to coronal mass ejections. The
Extreme Ultraviolet and X-ray lrradi Sensors
(EXI1S) will deteet solar flares and monitor solar
irradiance that impacts the upper atmosphere.

The satellites will also carry two instruments that
measure in-situ, The Space Environment In-Situ Suite
(SEISS) will monitor proton, electron and heavy

ion fluxes in the ! The M.

(MAG) will measure the magnetic field in the outer
portion of the magnetosphere.

and potentially
disruptive events JRETTSS \ .
ontheground. s working outsid the Infemalional
Space Station are especially vilnerable to
storms.

v Improved detection of coronal holes, solar flares
and coronal mass ejection source regions

v More accurate monitoring of energetic particles
responsible for radiation hazards

v Improved power blackout forecasts

V Increased warning of communications and
navigation disruptions

Learn more:

http:/fwww.goes-r.gov/
http:/fwww.goes-r.gov/spacesegment/exis.htm|
hitp:/fwww.goes-r.gov/spacesegment/suvi.html
hitp://www.goes-r.gov/spacesegment/seiss.himl
http:/fwww.goes-r.gov/spacesegment/mag. html
http://www.swpe.noaa.gov/

WIWW.MESDIS NOAA. GOV | WWW. GOES-R.60V | TWITTER: ROAKSATELLITES | FACEBOOK: GOES-R

v f
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SUVI Overview

GOES-R shifts current x-ray imagery to the
ultraviolet for improved solar feature
characterization. Wavelength bands comparable to
SDOJAIA.

Flaring Regions Flaring Regions Transition Region
(Fe XVIII) (Fe VI / XX [ XXIII) (Fe 1X)

=20 -10 10 20

Corona Flaring Regions Chromasphere Slmulated_ _SUVI image at 171 Angstroms (Fe IX)
(Fe X1l / XXIV) (Fe XV) (He 1I) Transition Region (chromosphere-corona)
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Presentation Notes
SDO – Solar Dynamics Observatory “http://sdo.gsfc.nasa.gov/”
AIA - Atmospheric Imaging Assembly “http://aia.lmsal.com/”
SOHO – Solar & Heliospheric Observatory “https://www.nasa.gov/mission_pages/soho/index.html”
EIT - Extreme ultraviolet Imaging Telescope “http://umbra.nascom.nasa.gov/eit/’
Fe – Iron
A – Angstrom
He - Helium


SEISS Overview

Instrument Species SISVARCUCEEE  |mprovements over current SEM:

* Low-energy range for surface charging.
HFEREE oI 005 SOlKel « lon mass discrimination at high energies.
MPS-LO Electrons 0.03-30 keV/ » Overall improved energy resolution.
MPS-HI Protons (H+) 80-10,000 keV
MPS-HI Electrons 50-4000 keV and
>2000 keV
SGPS Protons (H+) 1-500 MeV and B—
>500 MeV L
EHIS lons (H through Ni, 10-200 =
separately MeV/nucleon
resolved)

2016 Space Weather Workshop — 26-29 April 2016



o
<
&

WATION; o

Extreme Ultraviolet and X-ray Sensor

« EUVS will set the standard for continuous
monitoring of solar EUV irradiance.

* Intensity and location of x-ray flares will be
measured by the XRS.

EUVS (EUV sensor) // XRS (X-ray sensor)

00035 T I T l T I T ] T I T I T I T ] T
- - -GI3EUVA
. -G14 EUVA
0.0030 G14 EUVA_Prime ) ch T
- - -G15EUVA : ¥
t 0.0025 [ EE:
= O S ¥
2 . ?%,{"*’1 palg
£ 0.0020 - g Uk —
< M4BT
0.0015 — offsets of ~10% . g;g 'r’ ]
: {
0.0010 |— i ;{"i 4 .
H : U
ir?? s ! 4 w
0000 1 I 1 l 1 I 1 ] 1 I 1 I 1 I 1 ] 1
‘0003506 2007 2008 2009 2010 2011 2012 2013 2014 2015
year

Inter-calibration and Degradation Workshop Belgium Solar-
Terrestrial Center of Excellence (10-13 June 2014).

EXIS and MAG

Magnetometer?!
» Dayside Measurements — MAG will detect
magnetopause crossing events for standoff

distances within the GEO orbit.

* Nightside Measurements — Alert operators to the
occurrence of geomagnetic substorms.

1Boom-mounted gradiometer approach.

GOES Magnetometer (1 minute data)
edod I |

Diurnal variation of the terrestrial magnetic field at GEO
GOES 13 @ 75 W // GOES 15 @ 135W

a7

[ MoN WM HoN hM MM

Begin: 2016 Apr 19 QGO0 LITG)

120

100 fﬁ(\f:\

ManoTesla {nT)

2
GOES 13 Hp Long. W 75
GOES 15 Hp Long. W 135

Apr 19 Apr 20 Apr 21 Apr 22
Universal Time

Updoted 2018 Apr 21 15:45:03 UTC

MNOAA/SWPC Baulder, CO USA
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Product Availability (L1b)

Nominal L1b Product Validation Schedule

Operations -
<=5yrs Storage + >=8.4 Yrs Ops

‘ Launch
2016/287

ovo | owo | 13 Oct 2016

Launch
& Orbit
Raising

Post-Launch Testing (PLT) - 180 Days

System Performance Operational Test (SPOT)

Post-Launch Product
Testing

Product Release
2017/60
01 Mar 2017

\l/lnitial Product Release/L+139

SEISS L1b

—:H

Beta Provisiona; Validated

Initial Product Release/L+78
2016/365

SUVI L1b
H 30 Dec 2016
Provisional Validated

Beta Initial Product Release/L+90

EXIS L1b 2017/11

H 11 Jan 2017

Beta iti + Provisional Validated
MAG L1b Initial Product Release/L+92 2017/13

13 Jan 2017
Beta Provisional Validated AGU - 12-16 Dec 2016
AMS — 22-26 Jan 2017
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/PRODUCT SET3 ALGORIWMS\

\ PRODUCTSET2 ALGORI'IHMS\

/ PRODUCT SET 1 ALGORITHMS

W MAG.08
1-min Averages
N

and Spacecraft

SEISS.16 '
1-min Averages Charging
—_— SEISS.17 S 8 N : S.20
5-min Averages egra = Event Detection
N EUVS.03 :
1-min Averages

E

"
i PEUV.14

XRS.04
Flare Location

1-min Averages

XRS.05
¢ N
SUVIL09 Fixed
Difference Images
PTEUVIL19 TSUVILAG
‘Thematic Maps Bright Region

PSUVITS Coronal

NSV Coronal
" Hole Images Hole Boundaries

SUVIFO Running

Difference Images

[BUVRO7 Composite P

Images
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Meg Tilton — GOES-R Space Weather Data:
Promoting Assess and Usability.

%
Dan_Seaton — NOAA's GOES-R Mission: Space
Weather Instruments & Cal/Val Efforts.

Lessons from GOES-NOP Data Usage

Questians for the Liser Community

Thanasis Boudouridis — Comparison of Matrix
Inversion and Bow-tie Techniques (SEISS).

Liz McMichael — Preparing for GOES-R: Post-
Launch Testing.
e BZTIE™
= TET
| ofSEEEEE
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