Development of the Model of the lonosphere
Carl Luetzelschwab K9LA February 201§with Feb 2017 Update)

In my various articles\erthe years | have made it a pointstatethat our understanding of the
ionosphere is statistical nature not determinigc. This is due to the significant dag-day

variability of the ionosphereoupled withour lack ofa full understanding ol the parameters

that affect tle dayto-day variability As a resultye do not have daily propagation predictidons

we have pedictionst hat are statistical ( pr.oTbhearbsent i t i es)
correlationis betweermonthly median ionospheric parametansla smoothed solar index.

So how did we end wup in this situlausthen? Si mpl
purpose of this monthdéds Monthly Feaghture i s to
front 16d | i ke to acknowl edg e ishidioacalededrah.rHe s o f
found many key old documents that allovikid story tobe put together

You might thinkcoming up with a model of the ionosphere for propagation prediction purposes
would have been pretty simpleendeavorScientistdaddata on what the Sun was doing and
theyhaddata on what the ionosphere was doBigt when they tried to correlate those two
parameters on a daily badiise correlation waextremelypoor. Thus they had ttook atthe data

over alongert e r m. |l 6m sure they asked themselves ASth
what time frame should evaverage? Or should we changsedmething other than averaged
Those are interesting tgpbegisning ons, so | et ds get

As radio emerged as a viable ledigtance method of communications, one issue was predicting
what frequency and timef day would allow propagation from Point A to PointiBorder to
makethesepredictionsamodel of the ionosphergas neededAnd in order to develop a model,
data was needed. The piece of equipment responsible for takivgphericdata was the
ionosonde.

An ionosonde is a swejitequency radar looking straight up. It measures the time of flight from
when the pulse is transmitted until it is received back on the gi@ssdming it comes back!)
From this data, scientists could determine the ctifieguencies of the ionosphere (and
ultimately the electron density profiléAs a side note, the ionosphere was initiafiiled the
Kennelly-Heaviside layer after the two scientists whd 902 independentlyostulated the
existence of an electricallypoducting region in the atmosphémmte A). Another side noté the
term Aionosphereodo was introduced in 1932.

The concept of the ionosonde was demonstrated in 1925, and in early 1930 the critical
frequencies of the E, F1 and F2 regarere being measwlenanually once each week in the
vicinity of Washington, D.C. Beginning in May of 1938jtomatic multifrequency records were
made hourlyWeekly values othenoon F2 region critical frequepevere averaged by months
for September 1930 to December 1984 this data is shown in Figure 1 (reference 1) along
with monthly average sunspot numbers (ri®te
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Figure 17 Weekly Averagesby Month of Critical Frequencies

The sunspot data conjunction with the datem the horizontal axisell usthatthe meaurement
period was solar minimum between Cycles 16 and 17.

As for the critical frequency datdyreeimportant observations were made. First, the ionosphere

was more highly ionized in the winter months than in the summer months. Sandndore in

line with the title of this Monthly Featuréhe authowof the referenced paperade the statement

fia comparison of the critical frequency curve with the average sunspot curvershoertain

correlation between the two phenomena for corresponding monthet her wor ds, t her
appear to be any shadrm correlation between what the Sun was doing and what the ionosphere

was doing.

Third, and also in line with the titlef this Monthly Featurethere is a general trend in critical
frequency and sunspotimber when considering the envelopes of the two curves. In other
wor ds, t her e-desncarrelatiom You Gan seathislbyp ayapalling a trend line onto
the critical frequency curve. The trend Iweuld bedecreasing from 1930 through 1933¢an
then itwould sart back ug which is what thenonthlyaverage sunspot numhbsrdoing

No w Imeveférward t01938. Figure 2 shows twehraonth running averages of critical
frequencies and sunspot numbers (referen@@@) solar minimum between Ches 16 and 17 to
the peak of Cycle 17.
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Figure 21 Twelve-Month Running Averages of Critical Frequencies

It should be quite obvious that the correlation betwadktine critical frequencies and the sunspot
number is very good when viewed owerextrenely heavily averaged perigghoteC).

But thereds a thphR2 cebidn eritical fréljoenopuave & Figure 2 (second from

the top) to the F2 region critical frequency of Figur@te twelve month running average of the

F2 region critical freqeng/ removes the seasonal variation of the F2 rethahisseen in Figure

1. We now donét see the fact that theinnonizat:i
the winteris much greater than the summer.

To remedy thisscientists began penting data as monthly average critical frequencies to assure
that the seasonal characteristics of the ionosphere were maintdueddroceedings of the I.R.E
ran monthly articles titled Characteristics of the lonosphere at Washington D.C. As an example,

Figure 3 (reference 3) shows monthly average values of critical frequencies for undisturbed
days for May 1940.
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Figure 3A 7 Monthly Average Critical Frequencies

The characterization of the ionosphere was local in nature, and the horizontal axi€astein
Standard TimeAdditionally, the distribution o&ll the hourly F2 regionvaluesabout theMay
1940monthly average was given. This is FigBefor the data in Figure. Thus webr e
starting to see a statistical model emdayaonospheric parasters
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The next several yeasaw more and more data being gathexgttie thrust moved from a local
characterization of the ionosphere to a global characterization afrtbsphere. Figuré shows

a worldwide magrom early 194dividing the ionosphere into zones (reference\gst,East

and Intermediate. Note that the West zone is when the magnetic equator is most south, the East
zone is when the magnetic equator is nmasth and the Intermediate zan@rewhen the

magnetic equator is transitionibgtween rost soutrandmost north
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Figure 41 Zones of the World for Characterization of the lonosphere

Why was the world divided into zoneS®ientists must have recognizéhat electrons, being
charged particles, are affected by the Eartho
meanders fromabout 10 North gegraphiclatitude (East zone) to about®®outh geographic

latitude (West zone), the electrons will followhds characterizing the ionosphere with zones

was the best way to handle this as more and more worldwide data was taken.

The black dots are ionosondeas you can see, the worldwide characterization of the ionosphere
wasindeedunderway in 1947. Tdauthos of thispaper also discussed whether monthly average
values or monthly median values of the critical freqyemerebetter.l believe this was driven

by the fact that the data was statistical in nature tfleeduestion wawhich parameter was best

for the observed distributioft. was noted that the difference in monthly average and monthly
mediancritical frequenciesvas not negligibléthat is certainlyrue), but the differencat the

time was deemedhconsequential in terms of ionospheric prediction

In September 194We begin to seeritical frequencydata presented in terms of median values
for sporadic E (reference 5). 1td6s not cl ear
monthlyaverage values anonthlymedian valuesAnd theworld was still divided into zones.



In December 194{eference 6jlata for the F2 region wasesentedn terms ofmonthlymedian
values. This articlappears to be one of the first that has data in the fafwatat our modebf

the ionospher®oks like row T a correlatiorbetween a smoothed sunspot number and monthly
median values of ionospheric parameters. Figgleows this important data.
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Figure 51 Monthly Median Parametersvs Smoothed Sunspot Number

Note that the correlation for both the critié@quency and the maximum useable frequency
(MUF) is very good. In other words, the data is minimally scattered about the twdib&sak
trend lines.

Thus it looks like 1947 was the year when most of the model of the ionosphere was defined
(monthly medan ionospheric parameters versus a smoothed solar indexuld have been

nice to have found an official document that gt use omonthlymediancritical frequencies
is preferred over average valdesthe following reasons NQ6Z and | never fond such a
documenisee Fehuary2017 Update after the Notasthe en)l My guess is thaanaverage
valueis bettersuited for use witla normal distributionwhile a median values better suited for

a nonnormal distribution(asarecritical frequenaesi noteD). So one half of the puzzle is in
placei monthly median ionosphere parameters

There stillappeared to be assue with whatormat of thesunspot number to ugea monthly
average value or a smoothed valeigure5 was in terms of a smoothednspot numbehutthe
monthly average sunspot numiagsogave good correlationand was still in the running his
issue wasliscussed in a 1948 paper (referencdfi)s paper had plots of the monthly median
critical frequency of the F2 regiat Wasington D.C.at two timesversus a monthly average



sunspot number angtrsusa smoothed sunspot numbEigure 6 showshe data fothe roon
local time for the years 193¥946.
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Figure 67 Monthly Median Values versusTwo Formats for Sunspots

The textin this referencstatesthatfi i n g pomts foraghel2-month running averagainspot

number seem to deviate less from a straight line than points for the monthly average sunspot
numbeo. | 6| | be the first nightbetaghib seefronhFEgure &dleitos c onc
somedi f ficulty in distinguishing bebhdihe makoft he X6
a continuous trend lindf. you enlarge Figure 6, you can more easily distinguish between the two

sets of dataAnd if you adda linear trendine between the twshortline segments at=0/ y=5.8

and atx=100/ y=10.8 you come to the same conclusion as the authors.

Fortunately, @ook published in 196(0eference 8yavesimilar data (monthly median critical
frequencies versunonthly average sunspot numbeand versusmoothed sunspot numisgin

tabular formatwhich allows one to better confirm this conclusibigure7 shows the

correlation of the F2 region critical frequency with the running average sunspot number (RASSN
T what we now call the smoothed sunspot number) and of the F2 region critical frequency with
the monthly sunspot number (MS$Nnonthly average sunspot numper



Figure 77 Smoothed Sunspot Number vs Monthly Average Sunspot Number

Note that this evaluatiomsed ten ionosondes around the wéalanore worldwide view than the
data in Figure 6at various latitudes with data mostly for three monthsatdo times. The last
four columns of data are the correlation coefficidrgsveen the critical frequencyathe

sunspot numbeiormat As a reminder, 1.000 indicates a perfect correla#dgthough there

were instances of the MSSN having a higher correlation than the RASSN, overall the RASSN
value performed bettefhusthe final piece of the puzzigasin placei we use a smoothed solar
index (notekE) for our propagation predictions

Webdbre just about don etoaddreststhéchncept okhdzonesyfthe The | a
ionospheren Figure4. Worldwide maps of the ionospheresinitially publishedin this
format. They were for each of the zones in terms of local time throughout the day.

But i f vy o publisheonogphariangps of the world for the purpose of making

worldwide predictions, you should take floemato ut o f t h erydsingbareildod cat eg
longitude with localtm@a nd i nt o t he f showirlgtdowihdiendsple@ise gor y
ordered about geomagnetic coordinates in universal fimgtransition toworldwide data

began in January 1963 in the publication of ionosplpamameters (reference 9) from the

Central Radio Propagation Laboratory in Boulder, Cle new mapshowedtheworldwide
ionospherearersus longitude for every two hours of universal tifigure 8A shows a

repr esent a tofithe €2 régiodordhe Westazpnewhile Figure 8B shows a

repr esent atdfthes2 fegiodowtbe entiee pvorld



