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Agenda

* An important ‘caution’

* Space weather data sources along with
explanations of the parameters

* Which parameters should we look at?
* How the parameters impact propagation
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An Important ‘Caution’
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An Important ‘Caution’

* We try to simplify very complicated atmospheric/ionospheric
processes into simple parameters to predict HF propagation

* This is okay for a long-term look at propagation

* Our propagation predictions give monthly median MUF and signal strength
* “Median” means 50% probability — thus our predictions are statistical in nature

* We don’t have daily predictions

* We have trouble predicting propagation in the short-term
* Day-to-day variability of the ionosphere
* Enhancements
* Degradations
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Day-to-Day Variability of the lonosphere

MUF(3000)F2 over Wallops Island (VA) lonosonde at 1700 UTC 8 pprprige 20008 Ja Aceted
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e Zero sunspots and constant 10.7 cm solar flux for entire month
 The Earth’s magnetic field was relatively quiet
* MUF varied from 11 MHz (on the 14t") to 22 MHz (on the 16t") — WHY???

* Three parameters determine ionization at a given location at a given time
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Enhancements and Degradations

S:-«"\(”V‘xﬁ__\
What the )

* | have short-term events that | can’t explain E\Eﬁﬁ'ﬁ,ened?
W

* Most are enhancements S
>

* An unusual band opening
 Signal strength significantly higher than predicted ( '

\”‘?

* Some are degradations
* Recent example is K7SS working JD1BMH on 20m via long path (31,825 km)
* Short path (8,200 km) predicted to be much better but was significantly worse — why?
* Problem is there’s just not enough data to see what’s going on

* Not enough ionosonde and TEC data from GPS — especially over the oceans
* Hardly any ionospheric absorption data — important on the low bands
* Other data desirable — particle precipitation, electric field, etc
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Space Weather Data Sources Along with
Explanations of the Parameters
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Space Weather Data Sources

* NONBH banner (his website is http://www.hamagsl.com/solar.html)
* at https://www.grz.com/, for example

* Dr. Tony Phillips
e at https://spaceweather.com/

e Space Weather Prediction Center (SWPC)

* at https://www.swpc.noaa.gov/

* VE3EN

e at https://www.solarham.net/

* Other general websites and many others that are more specific
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http://www.hamqsl.com/solar.html
https://www.qrz.com/
https://spaceweather.com/
https://www.swpc.noaa.gov/
https://www.solarham.net/

N@NBH Banner from www.qrz.com

e Date and time are obvious! ©
87 Jan 28621 1421 GHT VHF Cond_itions .
U L. il © S| — |atest 10.7 cm solar flux index

A 33 K lx'Pltwirg;g“r°ra

X-Ray <A1.0 n EsEU )

3048_ 9940 SEM 31 Eory * SN —today’s sunspot number (V2 — more later)

tn Flx 85 5 eonn . . L
A PR BERCCECE © /\ — yesterday’s A index (activity of magnetic field)
Aur Lat e ‘_Fu_a

Bz 2.1 50 441.6 "™ Fin im0 * Avg of the eight 3-hr K indices

Solar-Terrestrial Data * K—current 3-hr K index (activity of magnetic field)

e o . .
g Conditiose.. ~CEyest QetsInagy * Plntry (Kp and Ap) means it’s not just from 1 station

80n-40n Fair Good

30n-26n  Fair Fair * X-Ray — background radiation from .1-.8 nm

17n=15n
12n-10n * Solar flares classified as A (smallest), B, C, M, X (largest)

Geonag Field VR QUIE]
Sig Noise Lvl S5S0-51

MUF US Boulder 8,24 * 304A — EUV radiation at 30.4 nm (multiply by 10°)

Solar Flare Prb
e 26-34 nm responsible for ~60% of the F2 region
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Pop Quiz

* With respect to solar flare categories — A, B and C are a logical
progression from smallest to larger

e What does M stand for?

* Mucho grande
* Monstrous
* Major

e What does X stand for?

* eXpedite your run to a lead enclosure
* eXtreme
 aflare generated by X-MEN
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N@NBH Banner from www.qrz.com

87 Jan 2021 1421 GHT VHF Conditions

* Ptn FIx — proton density in solar wind (115-195 keV)
HETA RIS ON Wl ° EIc Flx — electron density in solar wind (38-53 keV)
X-Ray <A1.0 s .
304" 99.4@ SEM on comy * Aurora — scaled power (1-10) into auroral oval

Ptn Flx 85 2n EsNA .
Elc Fl1x 997 ENE Deg * Loosely correlated to the K index

Aurora 1/n=1.99 wrE N : . .
el © Aur Lat — lowest latitude impacted by aurora

ur Lat R ——
BZ: 3

.1 S 4491 ¢ RN e i —— AT

SOkl fefresinal Data * B, —strength and direction (+ or -) of IMF

HF Conditions Current Solar Inage * B, is perpendicular to the ecliptic — pretty much N-S
Band Day Night
80n~-40n Fair Good

36n-28n Fair Fair * SW — solar wind speed in km/sec (quiet time ~400)
17n=15n

12n-16n * Sig Noise Lvl —in S-units due to magnetic field activity

Geonag Field VR QUIE]
Sig Noise Lvl S50-51

NUF US Boulder §.24 e MUF US Boulder — MUF in MHz at Boulder

Solar Flare Prb
* For a 3000 km path with Boulder at midpoint

 Solar Flare Prob — self-explanatory

Madison DX Club - K9LA - January 12, 2021 12



http://www.qrz.com/

spaceweather.com — Left Vertical Column Data

LEFT COLUMN

e Solar wind
* speed —same as NONBH banner

* proton density —795-1193 keV
r 1 * X-ray Solar Flares

L J * same as NONBH banner

e Sunspot number
* same as N@ONBH banner

e Spotless Days
* self-explanatory

* The Radio Sun

 10.7 cm solar flux — same as
N@NBH banner

MIDDLE COLUMN

* Lots of good discussion and data
on a variety of subjects
* CMEs
* Aurora
* Near Earth Asteroids
* Cosmic Rays

* Many links to specific data
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Space Weather Prediction Center

Top of the Home Page

SPACE WEATHER CONDITIONS on rioea scaies =

Solar Wind Speed: 432 kmisec Solar Wind Magnetic Fields: Bt 3 nT, Bz -2 nT Moon 10, Tem Radio Flux: 74 sfu

* Disturbances to propagation categorized as G, S and R
* G is geomagnetic storm — caused by Earth-directed CME or coronal hole
* Sis solar radiation storm — due to energetic protons from big solar flare
e Risradio blackout — due to X-ray radiation from big solar flare

e Scale is 1 (minor) to 5 (extreme)
* https://www.swpc.noaa.gov/noaa-scales-explanation
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Big Picture for Disturbances to Propagation

G

Geomagnetic storm — decreased F2
region MUFs at high latitudes,
possible MUF enhancements at
low/mid latitudes, can occur day
and night

S

Solar radiation storm

—increased D region o D .
absorption in the u rat 10N
polar cap (area e G can be
ithi | I
R within auroral oval) the
Radio blackout — increased D Iongest
region absorption on the
daylight side of the Earth * Snext
* R usually
G the
Geomagnetic storm - shortest
increased ionization in the

auroral oval giving us aurora
at VHF, causing more
absorption at HF, causing
horizontal refraction on the
low bands (skewed path)
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Space Weather Prediction Center

Six Panels on the Home Page

THE SUN (EUV)

CORONAL MASS EJECTIONS

THE AURORA

GOES X-RAY FLUX

Day

an S an 6
Updatad 2021-01-07 17:52 UTC

GOES PROTON FLUX

1 6 Hour 1 Dsy 2 Day T Day

Jans Jan &
Updated 2021-01-07 17:45 UTC

ESTIMATED PLANETARY K-INDEX

Extisnated Pi bowr ata)  pagin:

* The Sunin EUV at 19.5 nm
* Not 304A on the N@ONBH banner

e Coronal Mass Ejections
* Aurora Forecast

* GOES X-Ray Flux
* Where X-Ray on the N@ONBH banner
comes from

e GOES Proton Flux

* At geosynchronous altitudes
* Not the NONBH proton density

* Estimated Planetary K-Index

 Where K on the N@ONBH banner comes
from
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SolarHam

Space Weather for January ¥, 2021

solarham.net by VE3EN

L * Top left-to-right — active regions in visible light,
£ magnetogram (sunspot polarity), coronal holes,
atmospheric imaging, far side watch at 19.5 nm

* Left column going down — solar indices, geomagnetic
forecast, visible sunspot regions, current solar flare threat,
flare events past 72 hours (> M1), photo of the day

* Right column going down — geomagnetic storm watch and
the Sun in visible light, solar flare detection (X-ray flux),
geomagnetic field and aurora (K index), real-time solar
wind (B, and B,, speed, temperature)

e Phew!
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Another Pop Quiz

* With respect to the amount of data that’s available . . .

e Do we need more?

* Is there just the right amount?

e |s there too much?
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Which Parameters Should We Look At?
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| Think There’s Too Much Information

but it’s very colorful!

* Here’s what | think is important
* SFl and SN

* They indirectly tell us how much ionizing radiation there is for the F,
region

* Related parameters: 304A, MUF US Boulder
e Kand A

* They tell us how active the Earth’s magnetic field is
* Related parameters: B,, SW, GSR, X-Ray
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How the Parameters Impact Propagation

Madison DX Club - K9LA - January 12, 2021

21



SFI, SN, 304A, MUF US Boulder

* SFI, SN are proxies for true ionizing radiation — EUV for the F, region

* At solar min (SFI=65, SN=0), there’s still enough EUV to keep 20m open
during the day and early evening

* Thus SFl and SN give us an indication of openings on the higher bands
* Daily SFI ~65 to ~350, daily SN (V2) 0 to ~450, daily EUV ~70 to ~500*
e But the ionosphere correlates best to smoothed SFI, SN and EUV

SFl value for many | SN (V2) value for EUV value for MUF US Boulder
weeks many weeks many weeks
15m 90 50 140

is real-time and

gives a direct
10m 105 70 200 indication of F,
6m 145 140 300 region ionization

* my best guess Madison DX Club - K9LA - January 12, 2021 22



K, A, B, SW, GSR, X-Ray

e Kfrom 0 to 9 (logarithmic), A from 0 to 400 (linear)

« K gives ‘@’ which gives A B é a: - ;;;/
* B from -100 to +50, SW from ~400 to ~2000 km/s | =& "=
* GSR from 1 (minor) to 5 (extreme) Tal| b~

( - . I
X-Ray from A1.0 to X9.9 (or even higherl) . IfK sEikes up a bit,

* Generally we want: watch for possible:
e Enhancements at mid
* K<3,A<15 and low latitudes on

B, positive (a little negative is okay) . E:i:,i]g:;?;:r?tr;dsn

SW around 400 160m across the high
latitudes
GSR values 1 (or maybe 2)

e X-Ray at A, B or C (M and X can cause solar radiation storms
and radio blackouts)
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But Do We Really Even Need All That Data?

mufd 2021-01-08 14:30 eSFI: 71.9, eSSN: 11.2

_—_.//
: -
|
40 -20 20 40 60 80 100 120 140 160
101 14.0 180 21.0 24.8 28.0
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e Real-time 3000 km MUF

* Visit

http://prop.kc2g.com/

e uses real-time
ionosonde data

e Circles with numbers
are ionosonde data

* Contours are worldwide

from interpolation

e Path from Madison to
DL shown —20m is likely

available

~ * Map shows gray line
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Another Example of Real-Time Data

Eurcpe | Africa N.AmerimTS.Amen'ca Asia Oc\eaniaTWurld] [No layer VISEIE::tnpﬁms VIMudes V] [ ]?I_Q
2300 m|[630 m[160 m|80 m[60 m[40 m[30 m[20 m[17 m |15 m[ 12 m| 10 m] Al bands]Ticker]|
Click on the map for info_of that locafion
4 | |Right-click for more options
00 ES) ) BO 0o £ ) i) KD 5] )
.J }
oe 2 A2 5 ce e =, TRaK] = r‘?_:' e P »
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— - {
00 PO O BO) o Do EQ =i ey Kc}:- Lo F’"”']“ NO
/ -\-L__\ VEBAT: (= e, . J\ =
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I . ¥ e _ LZEEI;’.@? AW
KDTVZ7
oM & 7 | }I%x M
TN =
o B it \'%.‘C' K o N T
7 COALY . : L
-- T Y o
. G N
SV
ol B Al £ cl i = il 5]
o B ] & : Dl 2, & ool [ 0]
IBECW)
BG A
ZE2E7
oo £ D BD ) ) ® i) KD [ 1D
fiet | & OpenMapTiles © OpenSiresiMap contributon)

e Real-time QSOs

* See what a band is doing right
now

e Visit dxmaps.com

* or PSKReporter
* or WSPRnet

e Select view: World, NA, SA, etc
e Select band

One of these days you’ll turn on your
rig, input who you want to talk to, and
the radio will go to the best band.
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ARRL

A Long-Term Look at Parameters

Solar Terrestrial Activity Report

i Solar and geomagnetic activity w

. * From http://www.solen.info/solar/
50 —é NOAA sunspot number 23
2?2: Mrm_ym_iﬁ?ﬁ?ys‘ffi"nﬁi"m;iﬁw i | ® A vear’s worth of data
200 3 F10.7 SF (1 AU) 90 day average 200
190 3 190 . .
3 = o Ap daily SN, 30-day SN avg, daily
- =  SFI, 90-day SFl avg
140 3 140
1 1 * The avg values correlate better to
the ionosphere than the daily values
100—; 100 . .
-3 - * At solar min, not much difference!
70 Paccten e, - Sr v S B SRS S 70 . .
» e 27-day solar rotation period
| ] “;}  SENEE * Propagation conditions 27 days ago
20_; | : N‘\ [ "v_,./ | xl;".l | N 20 .
B L VN Ty P R Y N e ot T fr'«,\,«_ f o T A E may happen again today
UL LRl L L Ll At I I AL L LR L I A I L O L L I L Ll T R Bt Rl R A T R A
3330883883088 8-38S8aN8838N83R8:83R328RBRBBEZNEE

Last major update issued on January 8, 2021 at 05:05 UT.
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The NEW Sunspot Numbers

In 1849 Rudolf Wolf devised the sunspot number: Wolf number =k x(10xg + s)

e gis number of sunspot groups
* sis total number of sunspots
* kincludes telescope considerations, viewing conditions, observer bias

His successor Alfred Wolfer applied a ‘k’ of 0.6 to make his counts agree with
Wolf (Wolfer counted more sunspots) - this has been carried through the present

Concern about the old sunspot numbers began in the early 1990s
Four sunspot workshops held beginning in 2011

Result was a new sunspot data set — V2
 Remove 0.6 factor, correct other less-major issues

Royal Observatory of Belgium began reporting the new sunspot numbers on July
1, 2015

Beware of early Cycle 25 predictions — some V1, some V2
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V1 vs V2 Sunspot Data

m— ey data

New Sunspot Dataversus Old Sunspot Data
Cycle 19 thru Cycle 24

gl data

(5]
=
[=]

[ =] ra
= [ Fal
= =
—

"." Cycle 20

Cycle 21 _

Cycle 22

Cycle 23

Nﬁ Cycle 24 ——
[\

A

[y
=
=

/

ambpothed surspot num ber
=
=

[
=

0

/

\
\

—

year

14950 1954 14958 1962 1966 1970 1974 1978 1982 1986 1990 19394 1998 2002 2006 2010 2014 2018 2022

One of my anchor points was always 201 for Cycle 19 — not anymore!

e Be aware of which data set is used

* Model of F2 region of ionosphere in
our propagation predictions used
V1 data

* Biggest difference is at solar
maximum

* V2 data about 1 band optimistic
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Summary

* Lots of data available
* | don’t believe our Amateur Radio operations need all of it

* Focus on the basics per slides 22 and 23
* And the real-time data on slides 24 and 25

* Get on the air and operate — experience is a great way to
gain knowledge

* Enter contests, go after WAS, go after DXCC, go after WAZ
* Have fun!

dit-dit-dit dah-dit-dah
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