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East 1imb passage of cne 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-light, 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.

Additional great flare over the "delta" configuration.

Space Weather
Volume 14, Issue 9
http://onlinelibrary.wiley.com/doi/10.1002/20165W001423/full#swe20344-fig-0001



http://onlinelibrary.wiley.com/doi/10.1002/swe.v14.9/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/2016SW001423/full#swe20344-fig-0001

Magnetism
Convection
Differential
Rotation
(~ 27 Days)



National Solar Observatory UT: 2023/01/21 00:24
Integrated Synoptic Learmonth, Australia
Program (NISP)

ISES Solar Cycle F10.7cm Radio Flux Progression

z
€
-
=
3
[}
2
x
3
[T
~
o
-
[V

okl

N
o
(RNARN

24

2015 2020
Universal Time

WW\_

-~ Monthly Values — Smoothed Monthly Values = — Predicted Values
— Predicted Values +10 -6 Mos

Space Weather Prediction Cente|

10-Minute Average Intensity



2003/10/28 06:24

G

2003/10/28 11:30







Geomagnetic Storm Occurrences for Cycles 24 & 25 (G3 and above)

Srmoothed Menthly Mean Sunspot Humber

Salar Cycles 24 & 25
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Time Scale of Solar Effects
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Moderate

cons

* Flux, measured i the 0.1-03 i range, in W
o

NOAA Space Weather Scales

http://www.swpc.noaa.gov/NOAAscales/

Physical
measure

1 cycle=11yrs)

Number of events
when flus livel

‘Duration of event will influence severity of effects

Radio Blackouts
Category

radio blackout on the eaire

causingoss m positonng vigaton et i
‘positoning fo several houes onth st side of e, whieh may spread
oo the night side.

HE radio communication blackout on most of the sunlitsde of
Eak ot R FIE il e it g i i

Navigation: Owiagesof ow-fequency navigation signals cause increased
ror in positioniag for oae fo o hous, Miaordistuptous of satelie
navigation possible onthe sunlitsde of Earth

HF Radio: Wile area blackout of HF radio commusscation. loss of radio
contact for abow an howr on sl side of Ear
igation: Lowfrequency navigation signals degraded for bout an hou.

HF Radio: Linited blackout of HF radi communication on suslitsde,loss
fradio contactfo tens of minutes.

Navigation: Degradation of ow-frequency navigation signas or tens of

mmtes

HE Radio: Wekormisr degradation of HE radio communicationon ualt
‘side, occasional loss of radio contact.
‘Navigation: Low-requency navgationsguals degradd for e inervls

ased on this measue, but other physical meastes areals

sidre
** Oter frequencies may also be affected by these conditions.

Radio Blackouts

Moderate

Radiation Storms

Physical

Duration of event will influence severity of effects

Categor
Solar Radiation Storms

Biologieal: unavoidable high radiation hazard to astronauts on EY
vehicular actvity); lugh radiation
at hi

‘possible through the polar regions, and position errors make naviy
operations extremely difficult.

Biological: unavoidable radiation hazard to astronauts on EVA: ¢
radiation exposure to passengers and crev in commereial jets at b
(approximately 10 chest x-rays) s possible.

Satellite operations: may experience memory device problems a
imaging systems; star-tracker problems may cause orientation prc
solar panel efficiency can be degraded.

Other systems: blackout of HF radio communications through th
regions and increased navigation errors over several days are like

Severe

Biologieal: radiation hazard avoidance recommended for astrona
passengers and crew in commercial jets at high latitudes may reec
e e i ey
Satellite operations: single-event upses, noise in imaging
reduction of efficiency in solar panel are like]

Other systems: degraded H radio propagation through the polas

yster

Biologieal: none.

Satelite operations: infrequent single-event upsets possible.
Other systems: small effects on HF propagation through the polc
navigation at polar cap locations possibly affected.

Biological:
Satellite operations: none.
Other systems: minor impacts on HE radio in the polar regions.

G3 Strong
i
P
<o
Other
G2 | Moderate
G1 Minor
Maine)

Effect Ph; Average Freq.
.mm (1 eyele =11 yrs)

Duration of event will influence severity of effects

K[n values*
determined
every 3
hours

Geomagnetic Storms

idespread voltage control problems and protective. Kp=9

i has been
Florida and southern Texas (typically 40° geomagnetic Iat)**.

Power systems: possible widespread voliage control problems and some
protective systems will mistakenly trip out key assets from the grid.
Spacecraft operations: may experience surface charging and trac]
problems, corrections may be needed for orientation problems.

Other systems: induced pipeline currents affect preventive measures, HE
sadio propagation sporadic. satellite navigation degraded for hours, low-
frequency radio navigation disrupted. and aurora has been seen as low as
Alabama and northern Califomia (typically 45° geomagnetic lat) .

Kp=8.
including a 9-

Power systems: voliage corrections may be required, false alarms
triggered on some protection devices.

Spacecraft operations: surface charging may occur on satellite
components, drag may increase on low-Earth-orbit satellites, and
ections may be needed for orientation problems.

tems: intermittent satellite navigation and low-frequency radio
navigation problems may oceur. HF radio may be intermittent. and aurora
1usb=n; seen as low as Illinois and Oregon (typically 50° geomagnetic
lat)y®

s
alarms, long-duration storms may cause transformer damage.
S o e s
5 e S e L e B

o propagation can fade at higher latitudes, and
aurora has been seen as low as New York and Idaho (Evpn:nlly 550
‘geomagnetic lat.)**,

Power systems: weal power grid fluctuations can occur.

Spacecraft nper.ltlnns. minor 1mpmt on satellite operations possible.

Other systems: migra are affected at this and higher levels;

aurora is =ommm.|y v:s:bl: at high latitudes (northern Michigan and
)**.

Geomagnetic Storms

Number of storm
events when
level was met

4 per eyele
(4 days per cyele)

100 per cycle
(60 days per cyele)

200 per cycle
(130 days per
cyele)

600 per cycle
(360 days per
cyele)

1700 per eyele




Geospace delta B (nT), North America : 2016-10-25 11:10:00 UTC

2011-10-25 03:00:00
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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

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

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

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

Social Media (Twitter, Facebook)

Traditional Media Support during
significant events

.




September 2017 Events



GOES-15 Summary: Latest 108 Days
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Region 12673

GOES-15 Summary: Latest 14 Days
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ISES Solar Cycle Sunspot Number Progression

Observed dota through Aug 2017
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04 Sep 1200 UTC - 11 Sept 1200 UTC
123 Alert, Watch Warning and
Summary Products issued. This was 5
more than issued the entire month
before.
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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

SpO/AIA 183 2017-08-06 12010017 UT



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

D-Region Absorption 06 Sep 2017

Estimated Recovery Time

Froton Flux

'C Boulder, CO USA
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Impact on WSPR Network

Weak Signal Propagation Reporter Connections
September 6, 2017
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Note 14 Mhz Trend
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Hurricane + Solar Flare =?

“...'m not sure how long this blackout will last, but,
these flares could not happen at a worse time.
We are looking at 3 hurricane threatening land
and we cannot make contact with anyone on
the 20 meter or 40 meter amateur bands...”

Mother Nature is not playing well.




Solar Radio Burst
Activity 06 Sep 2017

Solar Radio Burst reported by USAF
optical/radio observatory at San
Vito, Italy.

<amFlorenceSan Marino
5

Italy

Tirana E‘,

\
Albania v
Naples. Y

&

g San Vito dei .
Faramio,/— Normanni Air Station

:Product: 28178986events.txt

:Created: 2817 Sep @2 8357 UT

:Date: 2817 B89 @6

# Prepared by the U.5. Dept. of Commerce, NOAA, Space Weather Prediction Center
# Please send comments and suggestions to SWPC.Webmaster@noasa.gov

#

# Missing data: ////

# Updated every 5 minutes.

# Edited Events for 2817 Sep 86

#

#Event Begin Maz End Obs Q Type Loc/Frq Particulars Reg#
B o ____
7166 B0 Iy 8433 PAL C RSP 825-188 VISl

_— L} L n — n _— L} — L] —_— n —_— L | _— n —_— L} — ] _— L} —_— L} —
7348 + 1153 1262 121@¢ G15 5 XRA 1-8A Xa.3 5.7E-81 2673
7348 + 1154 1156 1432 SVI @ REBR 2695 14686 Castelliu 2873
7348 + 1154 1156 1351 SVI @ RER 1548& 2168 Castelliu 2873
7348 + 1155 1262 1232 SAG G RER 41& 5368 Castelliu 2873
7348 + 1155 1156 1356 SVI @ RER 22886 5Loa Castelliu 2873
7348 + 1156 1157 1485 SVI G RER—404 Saoe Castelliu 2873
7348 + 1156 1262 1424 SVI @ 19686 Castelliu 2873
7346 1157 fd 1282 SVI C F—azs-17a¢ III/2 2673
7348 + 1158 1262 1232 SAG G RER 61@ o468 Castellil 2673
7348 + 121 I 1515 SvI C RSF @25-12@8 IV/2 2673
7348 + 12082 1263 1411 SVI G RER 245 3268 Castellil 2673
7348 1282 I 1288 S5AG C RSF 825-85l1 WI/1 2673
7348 1282 I 1221 SVI C RSP @825-821 II/2 1765 2673
7796 B1224 I Al53@ S50H 4 <::::>XUV,EUV,UVZZ?—2261F51429 2673




AC/N, at L1 (dB/Hz)

AC/N, at L2 (dB/Hz)
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IMPACT OF THE EVENT:

* % &k k
* kK Kk

Royal Observatory of B
elgium

GNSS Research Grou
p

® On L1, two fades above 1dB/Hz were
detected at 12h01 and 12h05.

® On L2, a first fade above 3dB/Hz which
could potentially affect the GNSS
application, occurred for 3 min with a
maximum of -6.25+1.6dB/Hz at 12h02.

® |t was followed by a second lower fade

above 1dB/Hz at 13h03.



http://www.astro.oma.be/
http://www.astro.oma.be/
http://www.astro.oma.be/
http://www.astro.oma.be/

Geomagnetic Storm Forecasting

2014-09-12

Mode: CM

L I L L L 1 L L L L L L 1 L L
12 16 20 24 28B 32 36 40 44 484 521 56 60 64 68 72
Hours from 00:00 29 Oct 200




06 September CME

O

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 ©7-Sep 09 2017 is 7 (NOAA Scale
G3).

NOAA Kp index breakdown Sep 07-Sep 09 2017

Sep @7 Sep 08 Sep 09
00-03UT 4 5 (61) 7 (63)
83-06UT 6 (G2) 6 (62) 6 (G2)
06-09UT 7 (G3) 5 (G1) 5 (G1)
09-12UT 5 (G1) 4 4
12-150T 5 (G1) 4 4
15-18UT 4 6 (62) 4
18-21UT 4 6 (G2) 4
21-00UT 4 7 (63) 4

Rationale: G3 (Strong) geomagnetic storm levels are likely for the next
three days (07-@9 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 (@8 Sep).

2017,/09/06 12:48 2017/09 06‘12:48

Geospace Sept 7, 2017 0030 UTC Forecast

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

.Forecast...

G3 (Strong) geomagnetic storm levels are likely for the next three days
(67-09 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
(@8 Sep).

SOHO LASCO Halo CME Recor

d



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

Solar Wind Environment 05-11 September, 2017

DSCOVR 7day summary Estimated Planetary K index (3 hour data in:
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Wh at’> N M U F Defl ned University of Colorado

Boulder

o 3000k s
> m "RX
“The Maximum Usable Frequency (MUF) is then the product of critical frequency and

an appropriate transmission factor M for a given distance d, MUF (d) = M (d) x fp.

For example, the instantaneous MUF for a 3000 km circuit is simply given by
MUF(BOOO) F2 = M(BOOO) F2 X fOF2" lonospheric Space Weather, Cander, 2019

04/27/2020
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University of Colorado

Case Study: September 2017 Storm
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W5PR 5pots Departure from Sample Median; Kyoto Dst
=« [OST
40 - 20
o
201
—20
= 01— WsPR spots E
40
_20. u
- —60
-40 1+
- —80
-60 :
S & o 7 ) g 3 -
o o o o o o o o o
04/27/2020 & & & & & & & & & 30



University of Colorado

March 2015 St Patrick’s Day Storm
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Localizer Performance with Vertical Guidance coverage 08 September 2017

WAAS LPV200 Coverage Contours
09/08/17
Week 1965 Day 5
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European Geostationary Navigation Overlay Service (EGNQOS) performance
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STEREO Ahead m — Bastille Day Storm
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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/

Tips for Radio Amateurs




So What? Hints from NA5SN and QRPARCI

QRP Propagation Hint: If you're in a QSO when a major flare causes
an HF blackout, it seldom lasts more than an hour. If you’re working a

contest, this hint could be useful. Take a break, butdon’t QRT!

These x-rays do provide extra ionization to the E/F layers for improved
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 vears.

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: Often our magnetic field

gets very quiet following a strong geomagnetic
storm for 12-24 hours. This is an excellent time to
work40—160M due to very low noise levels.

Weak Signal Propagation Reporter Connections
September 6, 2017

X2.] X9.:

Connections

’3_
§,
§,
§_
§,
§,
§,

T T L
07:00 08:57 11:53

Time (UTC)

QRP Propagation Hint: Use the current K-Index from WWYV or the internet to determine the current geomagnetic
conditions. The A-Indexisactually yesterday’s gecomagnetic 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 dropsbelow 10 MHz. Thisis why the
lowerbands are always open.

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

. 30M is the ham band caught between the 2 worlds.
Itcanbe affected by both solar flux and the K-index.
On the other hand, it is more often not bothered by
cither. Itis a good band throughout the solarcycle.

4. Everysolar flare and the resultant storm is different.
Notwo are alike, noraccurately predictable.

. Neverletreports of flares or geomagnetic storms

scare you from getting on the airand checking it out.
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Global Ionosphere Valid at: Aug 15 2021 11:50 UTC
Total Electron Content (TEC) Maximum Usable Frequency (MUF)
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Space Weather Prediction Center Model: WAM-IPE (WFS) Init: Aug 13 2021 12 UTC




: Product : adapt_f1@_forecast.txt
: Created : 2021 08 13 1885 UT

: Date : 2621 68 13

: DOY : 225

: Model: ADAPT/SIFT-Adjusted F18.7

: SIFT Version : 1.18 ™

: ADAPT Version : 2.81
: POC : Carl Henney (USAF/AFRL)
: POC Email:adapt@nso.edu

: Data Input : GONG (NSO/NISP)

: Resolution [deg / pixell : 1.08

: Fit-function : m@ + m1*M P + m2*M_A

: M_P (plage mag-field) Lower Limit [G] : 26@.0

: M_A (active region mag-field) Lower Limit [G] : 150.8@
: Record Count : 15

. Forecast

Missing forecast available
forecast missing or pending :
good: input data nominal https://gong.nso.edu/adapt/sift/adapt_f10_forecast.txt
pending or missing (M=1) = -
poor: large diff, but applied to forecast
bad: possible flare, diff not applied to forecast
poor: model values lower than expected
poor: =1 day w/o mag; >0.25 day w/o obs
- bad: »2 day w/o mag or >1.5 day w/o obs
H - Helioseismic data within forecast window:
= @-none, 1-farside, 2-nearside, 3-both far & near
UT - forecast time, Coordinated Universal Time, HHMM format
LastMag - fractional days since last mag data assimilation
LastObs - fractional days since last Index obs differenced w/ ©8d value
Diff - obs model offset = (Index obs value) - (8-day model prediction)
Index Forecast - @day, lday, 3day, 7day model estimates plus diff offset

Quality

(]
1
(]
1
2
3
4
5 -
i)

| Observed Index Data Source

NRC of Canada w/ Canadian Space Agency:
ftp://ftp.seismo.nrcan.gc.ca/spaceweather/solar flux/daily flux values/fluxtable.txt

| ADAPT/SIFT - F18.7 Forecast [s.f.u. @ earth distance]
#

# LastMag LastObs Diff

#H--
2459439,
2459439,
2459439,
2459439,
2459439,

(= W, ]


https://gong.nso.edu/adapt/sift/adapt_f10_forecast.txt

Questions?

IT'S BECAUSE HOT AIR RISES,

THE SUN'S HOT IN THE MIDDLE

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

IN THE EVENING )

THEN, IT QOIS G«Q
%
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