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East 1imb passage of one of the greatest activity com-
plexes of Sotar Cycle 20. Composed of three over-
lapped spot groups at time of first appearance, two
of which were growing.

Birth of fourth spot group on southern border of com-
plex. MWestward relative motion of this group, with
respect to large spots to the north, may have con-
tributed to conditions for great flare of 21 May in
center of complex.

“Collision” between central and western members of the
complex, as growth and expansion of central member
moved its leader spot into the follower plage of the
western member. Large flare occurred over the neu-
tral 1ine between the groups.

"Collision" and merger of leader of easternmost member
with follower of central member, creating large “del-|
ta" magnetic configuration. Closest separation be-
tween the opposite-polarity spots coincided with
great white-1ight, proton flare at 1840 UT (see UAG
Report 5). These spots moved in a rotary pattern
with respect to one another during 21-26 May.
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http://onlinelibrary.wiley.com/doi/10.1002/swe.v14.9/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/2016SW001423/full#swe20344-fig-0001
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ISES Solar Cycle Sunspot Number Progression
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https://www.swpc.noaa.gov/products/solar-cycle-progression
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Emission Time Scale of Solar Effects
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NOAA Space Weather Scales

http://www.swpc.noaa.gov/NOAAscales/
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Phenomena Reference/Impacts

Solar Flare Radio Blackout (R Scale):

*No advance warning

Effects last for 10’s of minutes to several hours

*High Frequency (HF) communication on the sunlit side of the Earth
*VHF/UHF communication if significant radio burst on frequency (e.g. GPS)
*First indication significant S and G scale activity may be possible

Solar Radiation Storm (S Scale):

*Warnings possible on the minutes to hours time scale

Effects can persist for several days

*Health and operation of satellites and International Space Station
*HF comm in the polar regions, affecting commercial airline ops

Geomagnetic Storm (G Scale):

*Advance notice possible from just under a day to several days
Effects last for one or more days

*Power grid operations and stability

*Post-Storm Maximum Usable Frequency (MUF) depression possible.
*Global Navigation Satellite System (GNSS) accuracy and availability
*Aurora




Information Dissemination

Contact for Critical
Stakeholders: NASA, Commercial
Airlines, Power Generation and
Distribution, FEMA, etc.

Product Subscription Service:
-based, no cost subscription
service open to all

site: Data, products, and models
all available there. Tops News heading
that will provide updates for elevated
space weather

(Twitter, Facebook)

Support during
significant events




Summer of 2017
was generally
uneventful until...

X-rays (@ Geo)
Sunspots
Particles (@ Geo)
Cosmic Rays

Magnetometer (@ Geo)

GOES-15 Summary: Latest 108 Days
Jul

phbelbelbeiliib il it ——ti——lb—
.@mm__-n

e YT , "'f W 'mrl
fioe ot wm-mmmm“' v Mf..,.“

p/lem® s sr)

x\ FHI

B sundod mmmﬂ Mmu i L ol

m SADMAN) WA IHN AALLLL

--—--—-—-----—---—--—-——-—--—-- -----—-4-:-

% of Mean (10064)

o M,, e ety e

popAA

AL SN\ oo
10

Jun
2017 Universal Tlme

verslon: 2017-08-18 10:11:00 UT



Region 12673

GOES-15 Summary: Latest 14 Days
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Cycle vs Watches, Warnings and Alerts Timeline 01 Sep - 16 Sep 2017

ISES Solar Cycle Sunspot Number Progression
Observed dota through Aug 2017
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Intense Solar Activity Viewed From Space (NASA)

Strong Radio Blackout on 6 September at 1202 UTC R 3

PRIMARY AREA of IMPACTS
Large portions of sunlit side of Earth

POSSIBLE EFFECTS

HF Radio: Wide area of blackouts; loss
of contact for up to an hour over sunlit
side of Earth

Navigation: Low frequency
communication degraded for about

an hour

SDO/AA 183 2017-09-06 12:10:17 UT



https://www.nasa.gov/feature/goddard/2017/september-2017s-intense-solar-activity-viewed-from-space
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Impact on WSPR Network

Weak Signal Propagation Reporter Connections
September 6, 2017
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Hurricane + Solar Flare = ?




Solar Radio Burst Activity
06 Sep 2017

Solar Radio Burst reported by USAF
optical/radio observatory at San Vito,
Italy.
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Summary of Radio Burst Impact to GPS - 06 September from ROB
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06 September CME

2017/09/06 12:48 2017/08, 06‘12:48

Geospace Sept 7,2017 0030 UTC Forecast

A. NOAA Geomagnetic Activity Observation and Forecast

The greatest observed 3 hr Kp over the past 24 hours was 4 (below NOAA
Scale levels).

The greatest expected 3 hr Kp for Sep 07-Sep 09 2017 is 7 (NOAA Scale
G3).

.24 hr Summary...
The geomagnetic field was quiet to unsettled, with an isolated active
period the last synoptic period of the day.

NOAA Kp index breakdown Sep 07-Sep 09 2017

Sep 07 Sep 08 Sep 09
5 (G1)

G2 6 (G2

&5 s&d .Forecast...

gﬂ £ G3 (Strong) geomagnetic storm levels are likely for the next three days

or(G2) (07-09 Sep) as a result of an inbound CME from 04 Sep, followed by the

6 (G2)
7 (63) arrival of the CME associated with the X9 flare, mid-to-late on day two

00-03UT
03-06UT
06-09UT
09-12UT
12-15UT
15-18UT
18-21UT
21-00UT

AUV UVNO S

Rationale: G3 (Strong) geomagnetic storm levels are likely for the next (98 Sep) .
three days (07-09 Sep) as a result of an inbound CME from @4 Sep,

followed by the arrival of the CME associated with the X9 flare,

mid-to-late on day two (08 Sep).



https://umbra.nascom.nasa.gov/lasco/observations/halo/2017/170906/

Solar Wind Environment 05-11 September, 2017
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European Geostationary Navigation Overlay Service (EGNOS) performance § -
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STEREO Ahead COR2




The € Tuly 11th

"If it had hit, we would still be picking up the

pleCES,

Daniel Baker, University of Colorado.

Estimated Planetary K index (3 hour data) Begin: 2000 Jul 14 0000U
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Updated 2000 Jul 16 23:45:03 NOA4/SEC Boulder, CO USA



https://science.nasa.gov/science-news/science-at-nasa/2014/23jul_superstorm/
https://science.nasa.gov/science-news/science-at-nasa/2014/23jul_superstorm/
https://science.nasa.gov/science-news/science-at-nasa/2014/23jul_superstorm/
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Recwmirent Coronal Hole High Speed Streams

Solar Wind Speed

Large geoeffective coronal holes will often persist for several rotations of
the Sun (approximate 27-day rotation). Persistent holes build up
corotating interaction regions (CIRs). Periodicity promotes prediction.



Aurora Forecast - : - b Forecast For: 2015-03-17 09:35 UT
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So What?

QRP Propagation Hint: If you're in a QSO when a major flare causes | QRP Propagation Hint: Often our magnetic field
an HF blackout, it seldom lasts more than an hour. If you’re working a fgets very quiet following a strong geomagnetic

contest, this hint could be useful. Take a break, butdon’t QRT! storm for 12-24 hours. This is an excellent time to

g o S 5 k40-160M duet 1 ise levels.
These x-rays do provide extra ionization to the E/F layers for improved WO RO RERONEA 36 BRES

reflectivity and a higher MUF. Exploit the benefits of a solar flare.

QRP Propagation Hint: Good DX contacts are possible immediately
following a solar flare until sundown due to the improved reflectivity
(better signal-to-noise ratio for QRP signals) and the higher MUF
opening the higher bands —especially during the solar minimum years.

QRP Propagation Hint: The most important thing to remember about a
solar flare is this: the HF effects are generally only for the duration of the
flare event (20-60 minutes) and seldom effect frequencies <10 MHz.

QRP Propagation Hint: Use the current K-Index from WWYV or the internet to determine the current geomagnetic
conditions. The A-Indexisactually yesterday’s gcomagnetic condition, and does not represent present conditions.



https://www.qrparci.org/resource/FDIM81.pdf

So What? Tips for the Radio Amateur from
NAS5SN, Paul Harden

AFew Final Thoughts

1. Thesolar flux, indicating the level ofionization,
affects HF propagation above about 10 MHz. The
solar flux does not affect 40M and below, since the
MUF seldom drops below 10 MHz. Thisis why the
lowerbands are always open.

. The K-index, indicating the geomagnetic condition,
indicates HF noise primarily helow about 10 MHz,
exceptinsevere cases. During a storm, high noise
levels on40M doesn’t mean high noise on 20M.

. 30M is the ham band caught between the 2 worlds.
It can be affected by both solar flux and the K-index.
Onthe other hand, itismore often not bothered by
cither. [tis a good band throughout the solar cycle.

. Everysolar flare and the resultant storm is different.
No two are alike, noraccurately predictable.

. Never letreports of flares or geomagnetic storms
scare you from getting on the air and checking it out.
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Executive Order -- Coordinating
Efforts to Prepare the Nation for
Space Weather Events

EXECUTIVE ORDER

COORDINATING EFFORTS TO PREPARE
THE NATION FOR SPACE WEATHER EVENTS

By the authority vested in me as President by the Constitution and the laws of
the United States of America, and to prepare the Nation for space weather
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$.881 - Space Weather Research and Forecasting Act

116th Congress (2019-
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http://sworm.gov/

Other Activities

2020 HamSCIl Workshop

NSF Awards Grant for the Development of the HamSClI
Personal Space Weather Station

Thursday, November 7, 2019 - 07:00
Submitted 1 month 1 week ago by w2naf.

A $1.3 million National Science Foundation (NSF) grant awarded to University of Scranton physics and electrical
engineering professor Nathaniel Frissell, Ph.D., seeks to harness the power of a network of licensed amateur radio
operators to better understand and measure the effects of weather in the upper levels of Earth's atmosphere. The highly-
competitive grant awarded by NSF’s Aeronomy Program for the project titled Distributed Arrays of Small Instruments

THE UNIVERSITY OF (DASI) will be implemented over a three-year period. As lead principal investigator, Dr. Frissell, a space physicist, will lead a
SCRAN I ON collaborative team that will develop modular, multi-instrument, ground-based space science observation equipment and data
A JESUIT UNIVERSITY collection and analysis software. He will also recruit multiple universities and ham radio users to operate the network of

“Personal Space Weather Stations” developed.

Read more

March 20-21, 2020 at The University of Scranton, Scranton, PA




Questions?

IT'S BECAUSE HOT AIR RISES,

THE SUN'S HOT IN THE MIDILE

OF THE DAY, SO 1T RISES
HIGH IN THE SKY.

N THE EVENING ) s
THEN, 1T QO0LS







