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LMOSCHBRIC LnFORMATICS, 1. PROCEIVEE ¥Oh CALCULATING ELECTHON DENSITY PHOFILES
FROM VEET1CA1-INCIDENCE SOUNDING IONOGRAMS

T, L. Gulyseva

inatitute of Terrestrial Magnetism, lonospaers and Radic Wave rropagation,
USSR Academy of Sciences, 142092, Troitsk, Hoscow Reglon, U,.S.5.8.
"iathod is more important than result
bocause a lot of results
can be obtained
with Method".

Academician L. D. Landau.

ABSTRADT

Simulation of the wirtual neights of redic signal reflected froa the different
ionospheric regions allows to separate contributions of the different regions k, KF,
and ¥ into the trace observed at ionogrea. Effects of the walley widtih and depta on
the P region haighta are demonstretsd, Formulse relating the real baight to the cor-
responding winimum virtual heignt at the R region via the peak parsmeters of the &
layer allow to compensats for the EP walley and reduce the srrors of slectron dsnaity
profile above the valley using only one magneioionic component in an jonogram, Test

exanples of calculating the electron density profiles with the procedure proposed
are given,

INTROPOCTION

Among the other avmilable techniques for the scientific studies, the vertiosl-
incidence sounding of the lonosphere have proved to be the best developed and widely
used. There ia a world-wide network of the ionosphere monitoring stations of the VI
sounding providing annual flux ¢! information about lor‘ bit per year., This global
network of ionosondes provices the resl-time data for Hi' radio propagation predictions
as well as accumulates ionograas and tables of conventional lonospheric characteristics
which are widely available for the acireutific remsearch. However tuey suffer from the
image disturbance at a mirror of ionogrea so notwithetanding more than 40 years of
efforte of many siperts of the different countries, all available wethods of solving
the inversion problea of V1 sounding data can not overcome all the propiems involved
/1.2/. Yot impleaentatieg nuverical procedurae for tue Ifonogram analysis sllows us to

proceed fraa quatitetive intersretation to guantitative building up of N~-b profile.

This pager presenta a system approsch to developsent and implementation of
@ethods of the ionospberic inforuatics. It is tased on using tbe smpirical icnowpheric
models which have been originated during 70th yeurs and proved to deveiop succeanfully.
in a computer-acceossible form. lnvolving & great deal of the ioncapheric ssasuresscts
and the VI sounding dats as well, the modarm models appesred to be en appropriate btase
for shauleting the direct resulis of this experiment. Suoh feasibdlity allows us to
carry out the cycle of atudies from the wodel - to snalysis of experimental data, theo
progress from ine latter - to & renewed orbit of developmamt of & model systom amed on
synthesis of tha data analysed. 50 the autonousous techigues of dats analpeis which were
iadepandent of the resl model and suffered of appreciabie errorw and even ambiguity of
resulta proved to be adapted to the model representations nowadays. ln their turm, the
mean background lomospberic modeles ganined opportunity of updating or correction using
operational asts of regulsr gbeservations /3,4/ compounding together & base of an Expert
systom on ionospheric informatics /5/.

QONTHI AUTION OF THE 10wOSPHERIC HECI(NS INTO THE VI SOUNDINC SIGRAL RETaRDATION

while alierithm for solving the inverse problems of redioc physical expsriments
can pot be developed straightforward owing to incomplete inforsation, the integral
claracter of the phenomena cbeerved, signal/noice separation problems and so forth,
the direct problem of simulating such the data is quite Tessible to overcome with modern
computers wsing current model representations, That is why in the iouospheric informatics
a lot of attention has been given to developmeni of systems of rsy trecing in the iono-
sphere including the fine effecte of spontanecus disturbences /6-9/, Many technigues
of solving to the inverse probles of VI sounding empleoy directly or imply the simulation
approach at the atege of preliminary interpretation of signal reflected by the ionosphere
/10/.

pevelopment of such simulation sysiem not only wakes us nearer to undersisnding
and interpretation of results of obserwetion btut also provide a bege for self-leamning
of en expert system on the ionoepheric informatice. ‘there is a special appeal to bave
such ability whan the real time systems are being developed /11,127, It would not be
effective to build up puch syetems unaing the algoritlme for data anklysis ap an itemmtior
to the soluticn, un the contrary, & quick search for & solulion /13/ allows to control
a mode of operstion of digital etation by more freguent observations during tha times
of repid changes in the fonosphere.
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That £s why uumerioal sisulation presents a special importance for development
of techniques of inversion of rgdlo mignal by studying the geoersl regularities of
reflection of the signal passing through the different iomospheric regions. o this
snd we considar & contritution of the umderlylng and interlayer regions of the lono-
sphere into the virtual beights of the VI soumding signal. Let us express the virtual
height h'y at any soumding frequency fk atove the interlsyer EF walley as the sum

of three intagrels:

h'k (fk) -.Ig(fk) + Iytfk- tvn ') + Ir(fk) ( 1 )

vhere b E .
IE(rk) = Jonf"(f ' fu) dn

hy .
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Here J‘ ' jims the group refractive index depending on the sovnding frequency tk.
slectron plassa frequency [ and the geomagnetic field paremeters {gyrofrequency
N
and dip angle); b E is minimun real height at the £ layer plasea frequency fof
. I3
vhere the last signal reflection is observed in this layer nsar the critical frequency
foE; T F is the last frequency of reflection observed near the F region critical
- ]

1
frequency, foP; b_ is the real height ut the frequency fT where the first signa
reflected is observed in the 7 (F1) layer alove the valley; w= hI' -hs is the
valley width; f_ is the minimm plasma frequency in the walley ( tbe corresponding

A s
welley depth Af = foE - f'). Other legends are in comzmon uss.
' .
Though the nominations are given for the E-¥ region evarything balow is equally
din~
valid for any other layers in the ionogrem, with integral Il-: including all reiar
tion from the lower ioncepheric boundary to the critical frequency of tha layer under
conpideration. The integral Iv in the inlerleyer region can be expressed using the

meen velue theorem similar to that in /14, 19/:

f")EAF'(rk‘f:)' (2)

Iv(fk' v

» i i i tolonic
where * i& paxe mean value of the group refractive index for either sagne

i in the valley:
component Ju'o'x(f . fN) /16/ 8t an intermediate plamma Prequency
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.
fy< fy < fp. sinew by definition the group refractive index f{’>1 fur every value

of the frequsncies fv and fT s from the expression (2) we obtain:

I'>v (3)

This implies that ul the veriicel sounding the jonosphers at all frequanciss of the

¥ reglon, the integml of retardation in the valley, I' » 0xcosds the valley width w,
S0, the interlsyer region affects sil the rangs of soumding frequencies f,l,s. fks r.r
up to the main peak of the ionization rather thep at a dapoending part of the h't
carve at the besioning of the reflecting ¥ layer (or P1, F2) as it has been claimed
sarlier f15/,

Figure 1 illustrates that retardstion in the lower ionosphere vhen the ¥ laywr
is being mscunded, l1g decreases with growing the sounding frequancy from foE to foF,
asympiotically approaching the walpe of bmazE, The contribution of interlayer regicm,
lv is evident to be momt just Above the wvalley st the frequencies nearby fof = 4 Mis,
ther with growing the sounding frequency it decreasss, saymptotiocally approaching w.
Note the example shovn here presents a monotonic electrom density profile with mo
decrease of the electron conceniration abowe the K laysr peak just baving inflection
inth.lhpeotﬂ—hl’hmtnnsitionfronthpkhytr to the F layer cocurs, So in thias
cane the valley width 1s meall, about w e & kn /17/.

The shape of the virtual bLeight curve in lhe ¢ laysr i basically determined by
the shape of & mode of retardation lp above the walley. Thus, locstion of the point
of h'sin{f ) of sero slope of the trace in an jonogras dh'/df = O colncide with
location of eimilar point at the frequency f:.. &t the curve of Ib.(f)- ‘This feature
vwill be used below for determining the formulae of fitting the electron density profile
from information available in the ionogres.

Not only width but also the valley depth affects all the following virtual heights
in the .region above the vallay. This is illustreted by Figure 2 at the test exanples
/11/ with deep and shallow valleys, Series of molutions to the inverse problem have
besn obtained in every #ase by succeesive deletion in the input data at the k layer
profile those values nearby the critical frequency foE which contaln one-side infor-
wation on &n assumed non-monotonic region sc being contradictory with the data h'F
reflacted by the ¥ layer, which involve retardation in the whole ionosphere below F
included the interlayer KF region. Calculations have been carried out from the data
of an ordibary component then the N-bh solution yielded the X ray virtual numerical
bheights compered with those obmerved. The bemt coincidence (up to 1 km) has besn
schieved (circles in rigure ¢/ with the parent profile {sclid line) for an effective



lmm plasss frequancy in the valley fy correaponding to real valley depth of the

parent model /17/. iiowever this exact profile cannot be obtajned scaetimes using two
componeat O and X data ans it is seen iun the diagrem of descrepancies Muild in Pigure 2.
To be stressed in particulsar that further increasing the valley depth assumed
Fields increasing resl heights of the F layer {curves 2). This fact can be interpreted
tased on physioal considerations: the desper walley is assuned, the wider should be
the interlayer region is order to contribute the same share into the sigoal retardation
48 & former narrow interlayer walley obtained wath a sballow valley assumed. im a whole,
Figure 2 illustretess renge of possible solutions to the inverse probles of h-b analysia
of ionogreas wnich requires a physicsl constraints to find out the non-ambigusnt profile
vbich could provide an ewaluation of the underlying and interlying ionisstion as
accurate as possible.

PCURULAK FOR THE CORRECTION OF HLWCTRON DENSITY FROFILE PHOM IONOGRAM

When & shaps of an arbitrery N-h profile is aualysed one could ses that along
the peaics of the ionospheric layers and the interlayer minima of slectrun concentration
in the walleys between toe regular ionospheric layers, the shape of a profile is alse

determined by looation of marimum of the wertioal tonisation gredient indiceting the
inflexion point within & layer. To fit the k-h profile to scme calituation real beight

at the bmes of the P layer above the valley, a possibility mhould have been searched
to detect a height in the real or modelled ionosphers through information available

in iopnogrtus, To this end the study has been carried out for such key point in ther F
layer which could serve ap an orientation for fitting or calibratisng the N-b profils
/19/. This study bas been ocarried out by compsring of mmerical ionogress produced from
dvailable model distribution of M-b with parsaeters of thess pareni models.

Clobtal model of electron concentistion /20/ has been used as tie initisl data
for constructing the mmerical h'f curves at the latitudes of 0, 20, 40, 60 and LO*®,
with &he longitude step of 15% corresponding to hourly welues in the diurnal wariation
of N-h, making the tase of 120 profiles, The virtusl heights h'f have been calculated
with piven accurdcy of 1 i using the procedure 21/,

The virtual height at a fizxed frequency im known to be equal to the real height

at the plamue freguency of reflection t’ﬂ plue the maguetoionic delay in the ionosphere
below this point /22/:

‘b
h'o,x(fh) = h(f) + . (f"o,x -1} dn {4}
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where the relationehip of plamma frequency to redio frequancy is fl2= roz far the 0
ray and IHZ = fx(f]L - ) . 5o it is natural to ssirch for & relationablp betwovn
the real beight and the virtusl height at some frequency ‘l. that could provide an
ewsluation of the integral on the right side of ihe expression (4).

In this respect the h'ainy point with sero deriwetive dh'/df =0 holds a promi-
neat, exceptional place in each icnospharic layer, It wes noticed /23/ that the lower
pommcnotonic partc of the ionization ceased affecting the virtual Leights from this
point, vhile the delsy dus to grediunts di/db cear the pesk of the present layer is
still oegligible. is a rule, the real height hL(fL) sssocisated with h'sinfF is locats '
below the inflexion point of the N-b profile and does not belong to the parebola
fitting the peak of the layer /24/. It is this point that has been suggested for use
in correcting the starting height of ap h-h profile that uses only one value of h'x
in addition to the ¢ rey data /2./, ill these considerations lead to the conclusiom o
the necessaty of comparing the values of hL and h'min at the frequency fl.

4s a result of such & compariscn the regression relations of the corrsction fac
for the 0 and X rey data bave been found /19/ ss shown in Figure 3

CoF = 0.172 + 0,110 fok
(5)
Cx¥ = 0,256 + 0.089 foE
Using thess coefficientas, the real height at the key point of the V¥ region profile
above the wlley is expressed via the minizum virtusl height and the E layer peak

paremeters:

b =h'minf - ¢ ¥ (b'minf - b E) {(6)
L 0,X n

=

Standard deviations of the real heighta h  defined by the formulae (1~€) does oot
exceel 15 km. Maaimum gpread around the regressicn lines (5) is observed st a geomag~
fetic DIp = 4O, This is due to features of the parent model of alectron dsnsity prof.
4t high latitudes /20/. In particular, the h*min ¥ point ie affected by two peaks of
loragation when the critical ‘requencies of Uw 1 and F layers fall close together at
the latitude of w0® { 1.4 Al s fon » 2,14 ile, .45 Mis = for £ 3.95 sis ), It appes:.
that Fomuls {5) could be relined depending on tue gecsagnetic field parameters - gym
frequency fh and the geomagnetic Dl angle, using more sxtended bmse of the injitiml
b~h profilea,

With the abowve limitations the correction formulese for the clectron density profl
relating the real and virtusl heigll 8t & base of the F region proved to be a first
real gtep of using inforustion reticenl in the ionogrems for the inversion of the VI

sounding data, Lince then the re uler variations in the ionosphere depicted in changh
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ths virtunl heights of the P layer in an ionogram, the relawant variations of ths real

heights of the slectron density profile bave been pronpunosd curremntly after the
ionogrem inversion.

SDIGLE-CONPONINT ANALYSLS OF IONOGRAM WITH CORRRCTING JUR DNOBARRVED IONIZEATION.

The basic iden of the suggested method of correction of K-h profile when only one
Component is available in the ionogrem is illustreted in Pigure 4. Hers we bave an
exsaple of obtaining the N-b profile with a simple desp walley, for whick the precise
nuasrios) jonogrem bas been calculated /19/. The upper lines are the virtusl height
curves h'o and h'x in the P laysr, plotted sgainet the plasmsa frequancy at reflection.
For foR = 4 WHs, we obtain from {5-6) the real height for the correction b from
the 0 may: h = 1ot lm at Irequency fL = 4,% rlie and, indspendently, from the I ray:
th = 176 km at frequency f, = 4.4 Mix,

[dacrepancies tetween the oalculatsd and correct real height at the frequency f
for the test examples /17/ do not oxceed 12 ku. They testify that equations (5) are
not specific to the collection of parsmt wodel profiles /20/. Though ths waluss of foE
for this model do not exceed 3.6 NEz {see Figure 3}, the mccuracy of the resl beight
hL obtained for the critical frequency foE = 4 MEs in the tests /17/ is quits
acceptable,

laving the N-h profile in the £ layesr and using one-pArsmeter model of walley
ionization, & piuple iterstive algoriibm ie consiructed for fitting the N-h profile
in the F layer to one given point of the real height hL(fL). This adjustment is
psrformed autosatically in several steps by a computer progrea /26/. As a Tesult we
obtain solution such as that shown in Plgure 4 by circles in a case wvhen cnly 0 ray

echoes are used or by arosses in a case of the X ray data, The dsshed lines show the
effetive gigtyibution of the valley lonisstion edopted in the present method of N-h
analysis,

L

The same ohheme can aleo be used for the correction of nighttime electron den—
8ity profile in the F layer. Actually all the points in Pigure 5 at foE< 1 Mis and
the corresponding part of the approximating linee of € o, 2¥ refer to nighttime condi-
tions, If there is bh'min V¥ point with & gero gradient dh'/df = O in the nighttime

F layer, the correction factor is found eapily from(5). In this case, the E laysr

peak parameters unobserved in the ionogram can be given, say, from morphological
sodels of nighttime ionimation in tle & layer /3/. In an mbsence of such dats, one

cAn use & wean values at nighttime: Cof = 0,246, CaF = 0,316, and ' nE = 110 ka 1in (6).

L")

Standard deviation of these coefficients im the same aa in a case of the formulae {(5-6).

The greatsr errore appear whem the icnogram in the F layer includes oniy sn inoreasing
branch of h'f - as & rule, in such cages tle M-h profile yields over-egtimstad resl
heightm, i.e, an uplifted base of the J region and incressed K¥ wvalley width,

CONCLUSI(N,

4 carrection method has besn suggeated for ocaloulation of am N-b profils with
allowance for unsesn ionisation when only ons mods of reflection is awailable in the
ionogrem. The correction is tased on the deduced regularity of the relstionship between
the real and virtual heighte at the key point in the P layer whers the slope dh'/df
oquale xer¢ in the icuogram. This permite an estimate of the real height .LL for oali~
bration X ¥-h profils in the F region above the walley using the value of h'min #
and the peak paremeters of the £ laysr, Such calibration oan be successlully applied
with avery existing procedure for N-b analymis of ionograme.
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