AD-764 711

PREDICTING THE DAY-TO-DAY VARIABILITY
OF THE MID-LATITUDE IONOSPHERE FOR
APPLICATION TO HF PROPAGATION PREDICTIONS

Charles M. Rush, et al

Air Force Cambriﬁge Research Laboratories
L. G. Hanscom Field, Massachusetts

23 May i973

Hotional Teehuieal fnformation Servico
U. S DEPARTMENT OF COMMEREE
585 Port Royal Roxd, Springfield Vo, 221581




ARCRL.TRT 4355
93 MAY 1975 .
AIR FDRCE SURVEYS I GROPHYSICS, MO, 268

R TN LSS

AT AL

N NPR

AR FORCE CAMBRIDGE RESEARCH &&@ﬁ%"ﬁ“@ﬁ E%

Lo & HANSCOM FIELD, DEDFORD, MASIAQHUSETYTS

RS B L uearEe Nt L ik

.
IR P ATR

Pragicting the Day-to-Day Yariability of the
RMio-Latitude lonosphere for Aoplication
to HF Propazation Predictions

4
=
3
3
%
3
SR
+
3
3
3
%
o
g
£

;
2

CHARLES M, BLSH
JOSEPH SIBRS

e

’ { <.;M-l‘-
PR TR AL %‘ﬁ

ot NP RVICE

AN BT Y TR 4 o M Sy e e B e P B S e D et P £

§ Approved Tee pubtic refeoas dlatributlaos welimised |

e T S 2 e o R\

s

=
Lehs

.t

e Sunih

i

AR FORCE AYETEMS COMMAND
Entian Seates Ry Porcs

—m s e e -t . e —— ... -



AFCRL-TR.73.0335
23 MAY 1973
AIR FORCE SURVEYS IN GhOPHYSlCS NO. 268

IONOSPHERE PHYSICS LABORATORY PROJECT 8666 k

AIR FORCE CAMBRIDGE RESEARCH LABORATOR!ES

.. G. HANSCOM FIELD, BEDFORD, MASSACHUSETTS

Predicting the Day-to-Day Variability of the
Mid-Latitude lonosphere for Application
to HF Propagation Predictions

CHARLES M. RUSH
JOSEPH GIBBS *

R ARCON Comporation, Wakefiold, Mossachusetts

Approved for public reloose; distribuvion unlimited,

AIR FORCE SYSTEMS COMMAND
United States Air Force




e FRMAAPY SRS

Unclassgified

Security Classification
. DOCUMENT CONTROL DATA - R&D
{Sucwrity classification of sitle, body of abd ond indexing tation must be entered whes the Il report is classifisd}
1. ORIGINATING ACTIVIVY (Cosporaie arshor) . 2. REPONT SECURITY CLASSIFICATION
Air Force Cambridge Research Laboratoriea (LII) Unclagsified
L.G. Hanscom Field RGP -
Bedford, Massachusetts 01730

3 REPORY TITLE ] v :
PREDICTING THE DAY-TO-DAY VARIABILITY OF THE MID-LATITUDE.
IONOSPHERE FOR APPLICATION TO HF PROPAGATION PREDICTIONS

4, "DEACRIFTIVE NOTES {Type of report and inclurvive dates)
1 Scientific. Interim,

ST RuUTvoRtS (First name, middls (NG, [ast aame)
Charles M. Rush

Joseph Gibbs

% REPORT DATE F& YOTAL WD, OF PAGED ~ 7K NG. OF REFL
1973 2 2 : :
T T G GRANT RO, S QAIGINATOR'S REPOAT NUNSENS)
AFCRL-TR~73-0335
A PROJECT. TASR, WORK UNit o, - 86660 1037
¢ DGO REMENT 62101F 1Y v ARnoaT Y mmmr'm Aot vy be
. : A¥FSG No. 268
4 00D SUBRLENENY 681000 .

W, G TRIBUTION CTATERENT "
Approval for public release; distribution unlimited,

[T WRPLKRRRTERY ROTAR - L BB AN TILIYARY XYV

Air Force Cambridge Research

L., Q. Hanscom Field -

TECH, OTHER - Lahoratories (LI
' Bedford, Massachusetts 01730

1 /anbaacy
~ Fgonrly values of ground-based icnosonde data have been subjocted to o
detailed statistical analysig in ordor to determine taw day-to~-day varisbility
displayed by varlous ionospheric regions. It is found that the standard de-
viation about the observed P2 reglen monthly median aritical frequency 19 swo
to three thnes that observed in the E and Fi regions of mid-latitudes, The
day -to-day vardability of foE and fol'1 is such that monthly median valves of
thoze parameters can be need to represent the dafly vartation in the E snd Fi
reglon,  This would imply that HIF prediction programs which rely on median
data foy spécifiaation of the ionosphere yield results that can be used in day-
to-dsy oporations for thuse prepagation modes that are controlled by the E and
F1i reglon. As tho I3 reglon i highly variable, a method of using timely
cheervations of ToF'2 to predict the axpected values of the P2 reglon critical
frequency has been developed, - The mothed has the advantage that errors in
predicting the monthly medion foF2 can bo averted and the predicted values ax
genorally closer to the actual chservations than the obsexrved monthly medigi,
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Abstract

Hourly vaiges of ground-baged ionosonde data have been subjected to a
detailed statistical analyais in order to determine the day-to-day variability dis-
played by various jonospneric reglons. It ls found that the standard deviation
about the observed F'2 region mouthly median critical frequency is two to three
times that observed in the B and F1 reglons at mid-latitudes, The day-to-day
variability of foE and {oF1 {8 such that monthly median values of these parameters
can be used to repregent the daily variation in the E and F1 region. This would
imply that HF prediction programs which rely on median data for specification of
thy ionosphere yleld resulis that can Le used in day-to-day operatioas for thoge
propagation modes that are controiied by the E and F1 reglon, As:he P2 region
is highly variable, a method of using timely observations of fol'2 tc predict the
expected valuos of the F2 region oritical frequency hos been develoaed, The
method has the advantage that errors inpredicting the menthly median foF2 can be
averted and the predieted saluss are generally closer to the actual observations
than the observed mounthly median.,
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Predicting the Day-tu-Day Variability of the T
Mid-Lastude lonosphere for Application to
'HF Propagation Predictions

1o INTRODUCTION

Routing ground-based lonospheric soundings have over the yeors provided &
great-deal of informaiicn gonesyning the steucture of the jonosphery and s varis
ability in both time and space. These observations have been ut 4d to help deter~
mine the various phyeical mechantsma that control the lonospheric behavior and

provide the basis for aseertaining how chunges in the loncuphare sffest propagation
of electromagnetic energy over & whie hand of the {requenay spectman, ’E‘éx'h&pé
the noat aignificant and well-known aapect of the ionesphere i its apparent sontral
. over high frequency (KF) radic propagation conditions, As tn¢ {vncsphore is the
- medium in which BF aigmls aropagate, changes ia the icnuspim'i@ hmetw lam
nntu.rally to changes in HF gmogmgaﬂau chayactevistios, :
Hegonse of the tmportaice of HF cammunication in & vaviety of efetllan st
~ padiltnry wees, s great deal of effort hae beon spent on predioting thy slructure of -
the jonoaphere for the express purpose of improviag HE propagation prediotions,
_ Tor the mest pard, HE predistion teahinigues vely upoa median bases for the speei~ .
“Hloation and predi&:‘iou uf the lonosphors uad are fhng only stdetly valid foe mmhan o
euudmtms. Tkﬁm ig, howw:-, an tm.mnamg maum u&’ affort dwotac& mappmng

(facoived for pubitcation 22 Nay MR3). -




median predictions in normal day-to-day applications. This would lead to meaning-~
ful resulis only if the median behavior of the ionosphere provided a good represen-
tation of the daily variabﬂity.

In this repout, the variability of the ionosphere about it¢ median value is in-
vestigated using data that are representative of various ionospheric regions,

- Although there are other factors that affect, and in certain circumstances limit,

HF propagation {shaorption, terrestrial and man-made noise, for example) only the '
variability displayed by the ionospheric electron density ig studied. This hasbeen
accomplished by making use of the hourly eriiical frequency tabulations of the nor-~
mal B (foE), F1 (foF1) and ¥2 (foF2) regions cbserved at a number of mid-latitude
Jocations, An attempt has also been made to relate the observed daily variability

. af the ionosphere to the practicality of using median predictions inday-to-day
operations, ‘

It will be seen that the monthly median values of foE and foF1 provide a rela-
tively good representation of the daily values of those particular parameters at
mid-latitudes. Inthe F'2 region, on the othex hand, the daily variability of fol'3
is, at certain times, quite large and the monthly median value of foF2 appears to
be of little practical use in daily operations. We have, therefore, investigaled
methods by which this deily variability can be predicted assuming that timely cb~
‘servations of foF2 are available, Tt will be shown how much improvement in the
prediotion of foFd can be obtained uamg immediate past values of that porameter
to update a predicted value, Whether the amount of impravement that is obtamud-
;}ustmea the cost necessary to implement suah ateahmque must ba decidsd with -

' rcfarence tothe ppecific application, :

2 VARIABILITY OF THE IONOSPHERE ABOUT THE OUSERVED MEIJAN

In order to obtain ~"veliable estimate of the datly variebility of the lonosphove
. about the cbyerved monthly median, hourly values of the oritjecal fvequencies of
the I, I'1 and P'2 vegions have boen obtatned for a number of mid-latitude iong-
sphovin sounding stationy that wem'ugm‘mmg ducing the yeavs of 1058 and 1864,
These time n=piods wera chosen 10 be representative of the extremas in goluy
activity (1983 - colar maxbnum; 1864 - aolar mindmum), Swmce these were yesrs
when International agreement concorning all types of goophyuinal ohuervations

~ wore n offoct (IGY and KEY), the mumbor of stations supplying observations tond

to b more numerous than in other years, Data Seom over 150 ionosonde stations
thut weve opavating the culire year of 1058 were used to det-rmine the vaciability
©of ful'3 durdny solar maximun conditions, while same 40 mid-latitude stattons were




Investigated for 1964 to determine the variability of foF2 during solar minimum
conditions. Hourly data for foE and foF1 were used for all stations north of 45°
geomagnetic latitude for the months of March, June, September and December in

. both 1958 and 1864, Only-the resulis that apply to the mid-latitude ionosphere will
be discussed here, ‘

For each of the ionogpheric parameters and statinons available, the observed

- monthly mediau for each houy was determined and the {ndividual hourly cheerva-
tions were then subtracted from the monthly mediens. The irdividual deviations

~ were also normalicad to thelr respective hourly median values to enable study of
both the gbsolute ag well as velative variability in the varicus regions of the jono-
sphere, Thess devistions (bothrelative and abaclute) were then sﬁbjected to a de~
tailed statistical analvsis and the first four statistical momenis were computed for
each dats gset (Kenney and Keeping, 1954} -A standard computer program wesused
to determine the mean, standavd deviation, skewness, and hurtosis for esch set of
deviations, It is the standavd deviation that provides the most straightforward in-
formatlon concerning the varisbility of the hourly observations about the vbhsarved
monthly median, In ovder to increase the significance of the reaults,. the devia-
tlons for each station-month weve grouped into three hour-time blocks centered an
0000, 0300, ... 2100 hbefore performing the sintistical nnalysis, The grouplogs
ware done both in 10eal mesn time {LMT) and Gresnwich meon time (GMT),

The resulis of the analysis loticated thet the hourly deviations of foE and foF1
could reasoncbly be considered as a voemal ensemble, The average deviation
ahout the median ravely euseeded two percent implying that the monthly medianand
the montily mean were nearly cgual. Tho skewness, which provides an indication
of the asyvometry of the data gois waa alao rather slose to zore a5 it must be for o
uormal distribution, In the I3 ragion, there wero csoasions waen the average de-
viation about the median was on the ordeyr of ten porcent and the devistion data
appeared to be guite skewed, o the most part, this was found to be assooiated
with ;}m'ioda of neveve magoetic disturbsnces, However, to a fivst approximation,
it is felt that the X2 reglon deviations could also be conaidervd s normally dis-
teibutod for the majorily of cases studied,

The atatistionl analysis indlcetes that the varicbility of the {onoaphere e not
ondy ditferent for the different {fonospherie leyers but that the vaelaluilty in any
given layer dipploye local time, seasonal and solar cycle dopendoncies of vavying
degrees, Figure la shiows the standard deviation in Mz about tho manthiy median
of foF that in typieally chrerved at mid-lntitude locatione, Shown th the figuve are
rasults obtained from duta taken at Odtaws, Canade, snd Slough, Eaglaed, duvlng
March, Jone and Septembar 1958 and 1864, The geographic and goomognetio
coovdiastes of those and vlher stations whose regults are shown in the veport ave
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given in Table 1. Beccause the E region is under strict salar controi, routine ob-
servations of foE are only available during daylight hours, For the'local mean
times shown (0900 to 1500 h), the standard deviation of foE about the median is
never greater than 0, 05 MHz, with the difference between sola: maximum and solar
minimum results being small, This difference is greatest during March and
‘September and practically nil durihg the summer solstice, Although not shown in
the figure, the standard deviation at times -surrounding 0€00 h'and 1800 h tends to ,
be slightly Iérger than for midday. However, the scarcity of reliable data atthese
times renders it difficult to determine how stetistically significant the results are
during periods éurrounding sunrise and sunset,
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Figure 12, Absolute Standard Deviation About the Observed Monthly
Medicn foE at Ottawa and Slough During March, June and September,
1858 and 1964 oo

Table 1, 3tations and Coordinates Whose Resulta are Shown in the Present Report

r Geographic Geomagnetic Dip R
Station Lat(®) Long(®) Latitude(°) )
Ottawa, Canada 46N TRW 86N T4
Slough, Great Britain BIN | 00W | ® 54N 68
Lindeu, Fed Rep. Germany { SIN 108 - OBAN 83
Moscow, USSR 66N 7B 50N ' 70




For the purposes of comparing these cesults with those for other regions,
Figure 1b shows the relative standarcd deviation for the same data as shown in
Figure la, It can be seen that the relative standard deviation is generally less than
six percent implying that 95 percent of ail observations lie within + 12 percent of
the monthly median value,
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Figure 1b, Relative Standard Deviation About the Obgerved Monthly
Median foE at Ctiawa and Slough During March, June and September
1968 and 1964

Figure 2 shows the abaolute {2a} and relative (2b) standard deviation sbout the
monthly median value for foF1 for June 1038 and 1864 observed at Ottawa and Slough,
As waa the cage with foll, foF1 ia strongly adlar dependent permitting the calcula-
tion of reliable statistics only when the golar zenith angle is relatively high, Com-~
paring Figure 2a with Figure 1o, it appears that fol1 displays an absolute variabil~
ity that {o twice as large as foE during sola» maximum but there is no significant
difference during solar minimum, The relative standard deviations (Figures 3b ond
1b) indicate fOF'1 is alightly more variable than foli, wiith the difference in the
~ variabilities of the two regions being greatest during solay maximum,
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Figure 3b, Relstive Standard Deviaw
tion About the Observed Monthly
Median fol"! at Qttewa angd Slough
During June, 1958 and 1884

In Figure 3 the local time variaiion of the abaclute standard deviation about
the monthly median F3 reglon critical frequency ts glven for three lucations: -
Rlough; Lindan, Germany: and Moscow, USSR, The resulls are showa for the four
months sufrounding the solstices and equinoxes for hoth salar maxlinum and salar

minimum conditious, It should be noted that the ordinate in Figure 3 is a factor of

10 i:u*gar than that in either Figure la or 2a, Not surprisingly, the absolute
standard deviation in larger at solar maximum {1858) than st solar minimumn
£1864), The rosulte show that at solsy maxirawm, the variability of the F2 vegion
{s gonevally larger for all hours dury eguinoxes than for the tine pericd
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surrounding the solstices. During solar minimum, this doesn't appear to be the

cage, however, In fact, the standard deviation appears to show little seasonal or
diurnel dependence during 1264, being approximately 0,38 MHz for all hours and
geasons,

During solar maximum, the diurnal variation of the standard deviations at
Slough, Lindau and Moscow display strikingly similar behavior at all seasons,
For the equinoctial months, the largesti standard deviation {~ 2.0 MHz) occur=s
around 0900 h LMT and generally tends to decrease at other hours., During the
northern solstice, the standard deviation is higher between the hours 0000 to 0600
LMT than at other times of the day while during the southern solstice the results
indicate the opposite bebhavior.

To compare the resulis of the standard deviations seen in the F2 region with
those observed in the E and F1 regions, Figure 4 shows the relative standard de~
viation for the same times and stations illustrated in Figure 3, It is immediately
obvious that the local time, seasonal and solar cycle dependencies notcd in the
absolute standard deviaticn are not as apparent in the relative standard deviation,
The reaults in Figure 4 suggest that an average value of 15 percent provides a
good measure of the standard deviation observed in the F2 region for all temporal
scales, This ig two te three times the variability that is cbserved in the E and
F1 regions,

The fact that the F2 region i inhereantly more variable than the E or F1
region is certainly not a new finding that ig unique to this study. However, the
evidence presented here, which ig typlcal of the mid-latitude ionosphere, using
data taken simultaneously in time and location, does provide some indication as to
how much more variable the F2 region 18 compared to the jonization at lower sliie
tudes, :

Not only are the E and F1 regions legs variable than the F2 region, but the
median value of either foll and foF1 at mid-latitudes can, for the most part, be
predicted to within an accuracy on the order of five percent (Muggleton, 1972;
DuCharme et al, 1871), There appears to be little doubt, therefore, that propa-
gation predictions based upon predicted median values of foll and foF1 should be
quite useful when applied to day-to-day operational requirements. In the F2regicn,
the problem is much more complex. The resul*s presemted here show the vari-
ability of foF'2 abrut the cbserved monthly median valug, Clesrly, median pre-
dictiona of toF'2 can, at least, lead to day-to-day prediction errors on the order
of 0.5 to 3,0 MHz depending on local time and phase of the solar cycle, Extreme
caution should be exercised, thevefore, in epplylng on a day-te~day basis HF
propagation predictions that depend on rnedian conditions for thoge radio trang«
missions that are obviously controlled by the 12 rogion,
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3. SHORT-TERM PREDICTION OF foF2

Because the F2 region displays considerable variability, there have beenmany
attempts to develop a short-term prediction capability for foF2 on a time scale
shorter than a monthly median (Beanett and Friedland, 1970), Most of these studies
bhave been concerned with relating changes in foF2 to corresponding changes in
selected geophysical variables such as the 10.7 cm solar flux and the geomagnetic
activity index, Kp. The disadvantage of this type of approach when applied to
timely predictions ie that the independent geophysical variables upon whichchanges
in foF2 depend, must themselves be predicted, 'Thus, any errors in the pradicted
values of the geophysical variables will be refiected in the corresponding predicted
values of foF2, A notable exception, however, is the work of Gautier and
Zacharigsen (1965) and Zacharisen (1965) who have attempted tc develop a short-
term prediction scheme based upon statistical properties of the foF2 distribution.
Using auto-correlation and cross-~corre: aiior coefficients deterniined from devia-
tiong of fo¥F2 from the monthly mean value, they have shown how much improvement
can be obtained using timely observation of foF2, In actual practice, however, the
monthly mean value of foF2 {s not knewn in advance and it must therefore be pre-
dicted.

In this study we attempted to find a shert-term prediction scheme for fol'2
based upon immediate past observations of foF2, It was assumed that data were
availabje at particular locations at least 24 h in advance of the time a prediction is
to be made, The problem then is te find a sufficlently general prediction scheme
that leada to prediction errors that are smaller than those obtained using median
predictions over a large temporal and geographical scale.

" To tind the optimum prediction technique, various predictors were used and
deviati~us Lalween predictor and obsrrvation were computed on an hourly basls
for each predictor. The standurd deviation for each data set was then computed
and used to provide an indication of the prediction errer, The predictors usaed
were running means, running medians and weighted means for each hour, The
value computed from the past data was used to predict the value of fof2 for the
same hour in 3+, 5-, 7-, 9- and 16~day intervals, A predictica was made for
every hour of every day and the devietions at each hour were grouped into the
normal monthly intervals,

Comparing both the standard deviatious between predictor und observation as
well as the number of times a particular predictor came closest to the ohaerva~
tion showed that the weighted mean predictor was the best possible nradi ‘tontech-
nique of those that were investigated. A simple weighting scheme was used in
computing the weighted mean predictors and was of tha form
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mD_;+{m-1)D 5+ ... D_ )

Weighted Mean Prediction = =

2 i

i=1

where m is the number of days used in computing the weighted mean and D__1 is

the value of foF2 the day preceding the predivtion day; D_2 is the value of foF'2 two
duays preceding the prediction day and D—m is the value of foF2 m days preceding
the prediction day, If a value for a particular day were missing, no prediction was
made for that day. »

Figure 5 shows the diurnal behavior of the standard deviation in MHz that re-
sults using » 3-, 5-and 7 -day weighted mean prediction for the months indicated
using data observed at Slough, Lindau and Moscow during 1858, Also shown for
comparison i3 the standard deviation about the obgerved monthly median value of
foF2, Other than for a few hours centered near midday in March, the standard
deviation either closely agrees with or is less than the standard deviation about the
cbserved monthly median, Obviously, if predicted monthly median values were
used, then standard deviation about the predicted median would be larger thanthose
computed about the obaserved median, For all practical purposes, results shown
in Figure 5, along with those from other stations, indicate that using pagt foF3a
data as a predictor, the standard deviation can be reduced o or closely match that
computed from the observed median. The inherent advantage in using past obsorva«-
tions to pradict future values of foF2 les in the fact that the parameter itself is
usad in the pradiction and thers are no dependencies on indspendent geophysical
variables which could be & possible source of error,

Judging from Figure 0, there appears to be little difference in the standard
deviations using a 3-, 6+, or 7-day weighted mean, and in principle, any of the
three should ylald comparable results, In practice, however, it would be desirabie
to keep to a minimwan the amount of data nesded to make an accurate prodiotion
and it would appear that the predictor requiring the smallest data base would be
the optimuiv to implement. We chose to use the S~day weighted mean as the
predictor,

Daspite the fact that observations of foF'2 can be used to prediot future values
of 32F2 with an sccuracy comparable 10 %hat of observed modian, the standard de-
vintiong, at leasgt during solar maximum, are quite large at certain times. The
question ariges as to how ugeful are obyervations gathored on a time scale less
than 24 h in veducing the prediction ervor, To teost this out, it was assumed that
data are vvailable one to six hours in advance of the time a prediction s to be
made., These deta were used to ‘update’ the 5«day weighted mesn prediction,
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The updating scheine emnployed was a straigidforward percentuge change, If data
were one hour old and if the difference between the cbservation and the 5-day
welghted nmesn prediction was ten perceunt at that hour then the 5-day weighted mean
for the next hour was adjusted by ten percent, Similar schemes were appiied to
data that were 2-, 3-,. .. 6-h old.

Figure 8 gshows the diurnal variation of the standard deviation resulting from
updating the 5-day weighted mean with data that are 1-, 2-, 5-, 4~ and 6~h old
using the same stations illustrated in Figure 5, It can be seen that the amouni of
improvement in the prediction (smaller standard deviation) genensily decreases
with increasing time lag used in the updating process, There ace times (0800 h
LMT in Merch and 0800 b L,MT in December) when the only improvement atforded
is obtained using data 1-h old while at othor times, particularly during the midday
period at equinox and most all hours during the summer solstice, data up to
4-h old, yield significant {rnprovements in the prediction of foF2, During the
winter solatice, it appears that data over 2-h old applied in the manner as des-~
cribed above, are of little use in reducing the prediction error,

The eifect of short~term data {n reducing the prediction error in foF2 clearly
has a diurnal dependence, Data chserved shortly before or at local sunrise are of
1little use in updating the §-day wsighted mean except within 1 or 2 h after sunrise,
On the other hand, foF'2 cbaerved around 0800 h LMT can be used to reduce the
prediction error for a time peried % to 6 h in advance. i periods surrounding
local sunset, a behavior compsrable to that at sunrise is seen.dn the effectivenens
of short«term observations of folFF2 to veduce the prediction error, Genevrally, it
can be sald that when the ionosphere undergoes significant changes such as accom-
pany the sunrise and sunset tranaitions, observations of foF'2 before such transi-
tions are of little value when applied {o the npdating scheme used here.

Figure 7 shows the comparison between the standard deviations obtained usging
the medisn fol’2, the b-day weighted mean foF2 and the §~day weighted mean
updated using the previous howr's cbservation for the 1984 data at Slough, Lindau
and Moscow. Cenerally, the b-day weighted maan ylelds a bettor approximation
to the cbserved daily hourly valueu than does the obaerved monthly medion., I
Qan be seen that in many instances updating the 5-day weighted moun with data only
1-h old \'oes 1t lead to a significant eduetion 1o the standard deviatioas, In
fact, in some instances {midday in Decamber}, #uch updating causes an increase
in the standard devistion, The difference in the effect of short-term updating in
f0F'2 ti a2 {3 ohsorved between solar maximum and mintmum is probably associsted
with the fact that iha ionosphere during solur minimwmn ia not subjected to as many
of the large-gcale peeturbutions thas ocour during soler maximum conditions.
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These perturbations. due to geophysical phenomena, such as solar flares and geo-
magnetic storms, can lead to rapid changes in the ionosphere within a period of
hours. Thus, data obtained over five days would be inherently more variable
during solar maximum than during solar imninimum, This would imply that data
taken in hourly increments should have a larger effect on reducing the overall
ionogpheric variability during solar maximum conditions than during solar mini~
mum conditions,

it is quite conceivable also, that the degree of improvements sfforded by short-
term updating is a strong function of the updating scheme itself, We have given
equal weight in the updating procedure to all data, It is probably more reasonable
to weigh the effect of the observation used in the short~term update according to
the lag between the time the obgervation is made and the time it is applied to cor-
rect the §-day weighted mean prediction, Thus, smaller weighta waould be used as
ize lag increases, However, the antount of improvement in the prediction by using
decreasing weighting factors becomes corrvespondingly small, thus diminishing
the usefulness of short-term updating,

4  DISCUSSION

The results described in the previous gections clearly show that the ¥2 region
:8 far more variable than either the & or ¥'1{ ragions, The relative variability of
{oF3 sbout the cbeerved median is two to three timas that of {ok and fol'l, The
standard deviations of foE and foF' 1 about the observed monthly medians are such
that the monthly imedien value of those parameters at o particular hour provides a
roagonable estimats of the daily hourly value at mid-latitudes, This would impl-
that IF sredlollw weihmiyues such as described by Barghaugen ot al, {1883) anc
Hoadrick et al, (1871), which rely on monthly median ionospherie predictions, can
be employed with aome confidence in day«-to-day operations for those propagation
paths that are controlled by the normmal B and Fl rogions, For the I'2 reglon, no
auch statement can benade, The standard deviation of {oF2 typically varies fram
0,6 to 0,7 MHz during solar mintmurs conditions to 6,7 to 2,5 MHz during solav
magimury,  Uncertainties of this order in f0F2 when applied o oblique transmisgions
via the F'2 reglon load to uncertainties jn the computed maximum usahle frequency
on the order of 1 to 3 MHz during solar mintmum aud 2 to 5 MHz during solar
mazimum, ssswning the monthly median value of foF2 can be accur-*ely pradicted,

To avold erravs asuoeiated with the nability to prediot the momthdy median
valuy of foF2 exactly, a predivtion schame based on sbsorvations of (oF3 oheerved
over @ S~day period hax Leen shown to yield results that are comparable to or bettey
than the chssrved monthly medisn. In addition, it has heen aven thot during cortain
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times, particularly daylight hours at solar maximum, observations of foF2 ob-
tained in hourly, bi-hourly or tri-hourly intervals can be used to produce signifi-
cant improvement in the prediction of foF2, Whether such a scheme is cogt-
effective, however, is open to serious question, It appears that using the statistical
type of approach adopted here, an uncertainty on the order of 0.5 MHz will be found
at all times, A further limitation is that the predictions depend oa chservations at
particular locations, These prediciions must then be extended or extrapolated to
regions where data are not available, such as over the oceans. This limitation

can, hawever, he minimized somewhat by employing a synoptic mapping technique
such ag described in a previous report (Rush, 1972), '

There appears to be little doubt that further work iz required in order to
specify, model and predict the ionospheric structure ifsuch efforts are tobe applied
to the prediction of day-~to-day HF propagation characteristics, The most impor-
tant area is in the prediction of foI2 itself, As means have been devisedthai yietd
predicted values of foFF2 with a standard deviation of 0,5 to 0.7 MHz using simple
Statistical techniques, any future approaches, be they mathematicsl or phyaieal,
must yield yet smaller standard deviations {f they are ta be of any further opera-
tionzl use,
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