Solar Topics and
Propagation

Carl Luetzelschwab K9LA g

e-mail: k9la@arrl.net
web site: https://k9la.us

anyone want to take a
guess at the sunspot
number for April 16?
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Who Is K9LA?

SWL in the late 1950s - WPESBQH
WNOAVT in October 1961 been in 6 cycles e
BSEE 1969/MSEE 1972 Purdue TR

Unive rsity back when rainbows were black and white

RF design engineer for Motorola
(1974 — 1988) and
Magnavox/Raytheon (1988-2013)

Enjoy propagation, antennas, DXing,
contesting, vintage rigs

Wife is Vley AE9YL rer being a ham really helps
ARRL Central Division Vice Director

Novice station
NC-60 VF-1 DX-35
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Topics
Cycle 24 update
Current solar minimum
Propagation at solar minimum
Solar-Terrestrial data
Take advantage of the digital modes

Watch for short-term enhancements
Cycle 25 predictions
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Cycle 24 Update



Cycle 24 Update

10.7 cm Solar Flux s It looks like we're
——monthly mean ~ ——smoothed Nnear the bOttom
s Spiky black curve is
| oromcmmmsses monthly mean data

x Smooth blue curve
IS smoothed data

e Smoothed data
heavily averaged to
eliminate spikes

e Smoothed data 6

B Why two peaks? montﬂf behindd
m How long will we be at solar montily mean data
minimum?
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Two Peaks

International sunspot number S, : hemispheric 13-month smoothed numbers

o : : \
1950 1960 1970 1980 1990 2000 2010 2020
Time (years)

SILSO graphics (http://side.be/silso) Royal Observatory of Belgium 2019 January 1

= [WOo peaks are due to asymmetry between the
two solar hemispheres

= Not seen before in our history — the Sun appears
to be in new territory for our observations
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Current Solar Minimum
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Minimums Between Cycles 18-
19, 19-20, 20-21, 21-22, 22-23

—phetween Cycles 18 an

(min Apr 1954)

—between Cycles 19 an

(min Nov 1964)

between Cycles 20 an

(min Jun 1976)

between Cycles 21 an

(min Sep 1986)

- hetween Cycles 22 an

(min Oct 1996)
6 11 16 21 26 31 36 41 46 51 56

number of months below a smoothed sunspot humber of 20

My definition of
solar minimum
— when the
smoothed
sunspot number
is below 20

We became accustomed to short
solar minimums — about 2 years
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Minimum Between Cycles 23-24

between Cycles 18 and 19
(min Apr 1954)

between Cycles 19 and 20
(min Nov 1964)

between Cycles 20 and 21
(min Jun 1976)

between Cycles 21 and 22
(min Sep 1986)

between Cycles 22 and 23
(min Oct 1996)

== between Cycles 23 and 24
(min Dec 2008)
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number of months below a smoothed sunspot humber of 20

Last solar minimum was almost 5 years!
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The Current Solar Minimum

= etween Cycles 18 and 19
(min Apr 1954)

m—— petween Cycles 19 and 20
(min Mov 1964)
between Cycles 20 and 21
{min Jun 19
between Cycles 21 and 22
(min Sep 1986)
—_—petween Cy
{min Cct 19¢

s etween Cycles 24 and 25
(min not reached yet)
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) smoothed data thru
September 2019

Sep 2016 Sep 2017 Sep 2018 Sep 2019 Sep 2020 Sep 2021 KOLA
& months behind monthly mean data

number of months below a smoothed sunspot number of 20

= We appear to be tracking another long solar minimum

= Will the thick red curve start going up soon or will it
continue at low sunspot numbers? the $64k question
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Our Last Solar Minimum

Solar Min Between Cycles 23 and 24

Bl Cycle 24 monthly mean

R Cycle 23 monthly mean
€ c
24

c
s——Smoo first
24 sunsp

= Solar cycles overlap — we see sunspots from both

s First new Cycle 24 sunspot emerged about 1 year
before solar minimum
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The Current Solar Minimum

Cycle 24 and 25 Sunspots at Solar Minimum

B Cycle 25 monthly mean
I Cycle 24 monthly mean

o 00 thed

1%t official Cycle
25 sunspot
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s 15t official Cycle 25 sunspot in July 2019
s Cycle 25 sunspots on first 5 days of April
= No more sunspots in April from either Cycle
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Propagation at Solar Minimum
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What to Expect On the Bands

160m, 80m, 60m, 40m and 30m should be open
worldwide at night (pay special attention to
sunrise and sunset)

20m (and 17/m to a somewhat lesser degree)
should be open worldwide during the day and
early evening

Occasional openings on 15m, 12m and 10m
mostly of a north-south nature to Carib, S Amer,
C Amer and to VK/ ZL thanks to the robust equatorial ionosphere

6m F2 openings to the south possible on s via £s/7ep
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Other Comments

= Don’t forget Sporadic E on
6m and 10m during the
summer (and December)

should see more openings soon

= [ake advantage of the
digital modes

e SNR advantage more later

JF M A M J J AS ONDUJI F M AMJ J A S O0OND
1958

s Watch for short-term Spodic E - |ate
enhancements more jater morning and

early evening
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Solar-Terrestrial Data
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NONBH Solar-Terrestrial Data

Solar-Terrestrial Data

da mer 2620 1410 vt - @ HjS web site http://www.nOnbh.com

N Rau: na describes what all these mean
J0dR: 93,48 SEM

10 EL NG B = How do they apply to assessing
Be:"Sl6 sii372.5 propagation?

HF Conditions

goland  Day Hight © g There are ‘primary’ parameters and

30n=-20n \ /4

HER o secondary’ parameters

aur T Conditions e ‘Secondary’ parameters are tied to the
Bn EoEl ‘primary’ parameters and I consider

g: EEEE them redundant

o Elare Pt 105 @ The ‘primary’ parameters that I

s B consider important are SFI, SN, K
Geonag Field YE DUIET and A

S5ig MHoize Lvl 358-51
HUF US Boulder HoRpt

Copuright Faul L Herrman e b
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http://www.n0nbh.com/

Solar-Terrestrial Data|
11_Aor 2028 _1418_GHT
SFI:69 SN: ©O
Y k3
X-Ray: n/a
304RT 93.4@ SEM
Ptn Flx: No Rpt
Elc Flx: No Rpt
Aurora: 1
Bz: 2.6 5W:372.5

HF Conditions
Band Day Night
86n-46n Fair Good
36n-206n

17n-15n

12n-16n
VHF Conditions

Aur Lat
Aurora
6n ESEU
4n EsSEU
2n EstEU
2n EsNA
EHE Deg
Solar Flare Prb 10
HUF
MS o & 12

15 UTC
] MIN R ————— A {
Geonag Field VR QUIET
Sig Noise Lvl S6-51
HUF US Boulder HNoRpt

Copyright Paul L Herrman 2012

SFI and SN

Both indicate if the MUF (maximum
useable frequency) is high enough for
15m thru 6m

SFI is Solar Flux Index at 10.7 cm

e ~65 (solar min) to ~300 (solar max)

e Generally need ~85 for 15m, ~100 for
10m, ~150 for 6m

SN is Sunspot Number
e 0 (solar min) to ~200 (solar max)

e Generally need ~25 for 15m, ~50 for
10m, ~100 for 6m

304A (30.4nm) is ‘secondary’ parameter
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K and A — Activity of Earth’s Mag Field

Solar-Terrestrial Data

11 Apr 20620 1416 GHT
SFT:69 SN: O
R: S K: 1}
H—Rag; 7 a
304AR: 93.4@ SEM
Ptn Flx: No Rpt
Elc Flx: No Rpt
Aurora: 1
Bz: 2.6 5W:372.5
HF Conditions
Band Day Night
86n-40n Fair Good
36n-206n
17n-15n
12n-16n
VHF Conditions
Aur Lat
Aurora
6n ESEU
4n EsSEU
2n EstEU
2n EsNA
EHE Deg
Solar Flare Prb 10

HS o & 2 12 13

Ut
] MIN R ————— A -:
Geonag Field VR QUIE]
Sig Noise Lvl S6-51
HUF _US Boulder HNoRpt

Copyright Paul L Herrman 2012

K is a 3-hour parameter

e |ogarithmic scale from O (quiet) to 9
(extremely disturbed)

A is a daily parameter (avg of 8 K indices)

e Linear scale from O (quiet) to 400
(extremely disturbed

Geomagnetic storms generally result in
lower F2 region ionization (lower MUF)

e Tied to Coronal Mass Ejections (CMESs)
around solar max and Coronal Holes (CHSs)
during a cycle’s decline

We generally want low K and A
Subscript ‘p’ means ‘planetary’
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What We're Trying to Do

s [ake very complicated processes in the
atmosphere and derive simple
generalities

s What we lose are short-term events

s Best way to assess propagation is to:
o Listen what we used to do

e Monitor various QSO reporting web sites
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ing well
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WW\W.dXmaps.com

= 6mM on
Wednesday
from 2033-
2049 UTC

s Looks like
there were 3
E clouds

s Other maps
e WSPRnet
e PSK reporter

= JARU bcns
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Take Advantage of the Digital
Modes



QSO Duration vs Sensitivity

Mode QSO time | S/N limitin | Advantage over my ability
2500 Hz to copy CW
CW ~15 sec -12dB * * Based on my
bility t Cw
IT65 - 4 min 125 dB A

250 Hz bandwidth

FTS ~1 min -21 dB
FT4 ~ 20 sec -16 dB

Next mode?

= Each new digital mode traded ‘sensitivity’ for
speed to complete a QSO

s FT8 took off in mid 2017 and leads the pack

= Will there be another digital mode?
e Any more trades will put us back to CW
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Watch for Short-Term
Enhancements



Propagation Predictions

= \We do not have daily propagation predictions

e Today’s ionosphere does not correlate well with
today’s sunspot number or 10.7 cm solar flux

= Why not? Because two other parameters modify
the amount of ionization

® Geomag netic field aCtiVity we have a decent understanding of this

= https://www.swpc.noaa.gov/products/storm-time-
empirical-ionospheric-correction

e Events in the lower atmosphere coupling up to
the ionos P here iots of research on-going in this area
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Propagation Predictions

s [t turns out that our predictions are statistical in
nature over a month’s time frame

s Extremely short-term events are not captured
= A great example is the 2018 California QSO Party
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2018 CA QSO Party — Oct 6,7

stimated Planetary K index (3 hour data)  Begin: 2018 Oct 07 0000 UTC
T T

3000 km F2 MUF over Boulder
Boulder is 9%%'%?& 2r9n4‘§/6 to the Midwest

I I I I I Y
A B e

.
Wi Wi W Wi W T T W

5
day of October

Sat Sun

NOAA/SHPC Boulder, CO US!

= No W6s in the Midwest on 10m on the 6th (Saturday)
= K index spiked up on the 7t (mid-day Sunday)

= Positive phase of this geomagnetic storm increased mid
and low latitude ionization — 10m opened to W6 yay!

s Check the higher bands when the K index spikes up
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Cycle 25 Predictions
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What Does A Long Minimum Tell Us?

Next Solar Max vs Duration of Previous Solar Min
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A long solar minimum strongly suggests
the next cycle will be small
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Cycle 25 Sunspots

s Dec 2016, Nov 2018, May
2019, early July 2019

e All were small and of short

duration — no AR (active
region) numbers assigned

= A long duration Cycle 25

sunspot on July 8, 2019 . -
e Assigned AR2744 Cycle 25 is alive!
e The first ‘official” Cycle 25

sunspot
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Cycle 25 Prediction

= NOAA/NASA Solar Cycle 25 International
Panel

s Prediction on December 9, 2019

e Solar minimum in April 2020 + 6
months

= October 2019 to October 2020

e Peak in July 2025 + 8 months at a
smoothed sunspot number of 115
(similar to Cycle 24)
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Summary

It looks like this solar minimum will be a long

one — minimum soon or a bit later?

The low bands and 20m/1/m will still offer
worldwide DX QSOs at solar minimum

e SFI and SN are proxies for true ionizing radiation
e There’s still enough EUV to keep 20m open

Don’t forget sporadic E

Look for occasional openings on 15m, 12m
and 10m to the south and to VK/ZL at solar
minimum

e Due to day-to-day variability of the F2 region
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Summary con't

Be aware of short-term enhancements on the
higher HF bands and on 160m when the K
index spikes up

Look for over-the-pole openings with more
daylight up north

The digital modes will make this solar
minimum the most active in history on the
higher bands — take advantage of them!

Cycle 25 is likely to be small — like Cycle 24

e But still watch for great 10m and 6m F2 openings
around solar maximum in the fall and winter
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Q and A
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