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On-line 0a3a JaHHBIX BHEIITHETO

30HAUPOBAHUS HOHOC(EPHI

S
B. | [TporpammHast 000JI0UKa ¥ TI0JIb30BATEIbCKHUI

MHTEp(hENC A1 padOTHI C TAHHBIMMU:

* MO3BOJISIET CAEIATh BEIOOPKY MPOduIeH 110 BpeMEHHU
(mata, UT, LT) u npocTpancTBYy (10Ar0Ta, IIAPOTA,
HaKJIOHCHUE);

* paccuMTaTh U NOCTPOUTH NPODUIL IICKTPOHHOM

koHueHTpauu Ne(h);

* OCMOTPETH OLU(PPOBAHHYIO HOHOTPAMMY;

* moJryuuTh npoduib Ne(h) B TaOIMuyHOM BHJIE.
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Compler Orbital Magneto-plasma Autonomous Small Satellite
{2006-2007)

EOPOHAC -G
KoMnnekcHele OPGMTaNkHeIE DKoNoieMHBE HabnmogeHHa AKTHEHOCTH
ConHua (2001-2005)

G. KOPOHAC-A
el KoMAnekcHele OPEWTankHele OkoN0zeMHEIE HalnhgeHHa AKTHEHOCTH
ConHLa (1994-2001)

MHTEPEQCMOC-25 (ANIKCY
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BpeMeHHble HHTEpBabl paboTbl HOHO30HAA
_WC3 UnTteprocmoc-19

p— 1 |

/ Paglglilz

B karanore npvBeAeHbl:

date £ UT_f last date 1 UT_1 comment
790306 0332 oosz  Y90306 0338

790307 1117 o114 790307 1317 i
S—— 750210 1700 0165 790311 1000
Bcﬁﬂﬁﬂﬁa” 790313 0145 019z 750313 0153
0199 3 D198 790313 0833 0195 790313 1005
0213 3 D21z 790314 (0748 0z13 790314 0920
0214 3 0213 790314 0930 ozla 790314 1100 i
0216 2 0214 790314 1112 Ozla 790314 1142
0226  r4 0216 790314 1425 0226 790315 0655
Zh 0zz7  r3 02Zze 790315 0704 0zz7 790315 0820
aCTpDHOMHﬁ 0230  r4 0227 790315 0846 0230 790315 1336
0231 dZ 0231 790315 1819 0231 790315 1826
2009 0235 dz 0235 790316 0112 0235 790316 0121
0244  dz D244 790316 1555 0z4a 790316 1559
0287 3 0zE6 790315 1054 0zE7 790319 1219
0288 3 0287 790319 1228 0zEE 790319 1421
0299  r4 02E8 790319 1428 0298 790320 0728
0300 3 0295 790320 0828 0300 790320 0956
0301 3 0300 790320 1006 0301 790320 1135
0312 c4 0301 790320 1144 0311 790321 0444 i
0316  d2 0316 790321 1535 0316 790321 1543
0331 d? 0321 790322 1632 0331 790322 1640
0344  r3 0343 790323 0935 0344 790323 1104
0345 3 D344 790323 1113 0345 790323 1249
0385  r4 0375 790325 1600 0385 790326 0718 i
0388 d2 0388 790326 1516 0388 790326 1525
0415 3 D414 790328 0739 0415 790328 0908 i
0420  r4 D415 750228 0916 04z0 790328 1747 i
0425  r4 D420 790328 1755 0425 790329 0823 i
0430 3 D429 790329 0832 0430 790325 1002
0434 r4 0430 790329 1010 0434 790325 1703
0444  r4 D434 790329 1711 0444 790330 0925 i
0450 d2 D450 790330 2235 0450 790330 2244
0459  d? D455 790331 1317 0455 790331 1324

04 &0 dz 0460 790221 1457 o4&0 7903221 18507
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HWO HMASSE B.5c Hons project, hlodelling of the topside ionosphete, PT Cillisrs

Hermanus Magnetic Observatory
MASSFE B.Sc Hons project
Modelling of the topside ionosphere

Dr Pierre Cilliers
Space Physics Group

1. Introduction

The topside ionosphere is not well modelled due to sparcity of data. The Bent model for the topeide

ionosphere used in the [nternational Feference Ionosphere (IRI) [Bilitza 20017 is not adecpuate,

especially for periods of high solar activity. Satellite hotre topside sounders, such as that on'board

the Intercosraos-19 mission is & useful source of data on the topside ionosphere, but topside soumder N o gy g g, o o,
ruissions are infrecuuent. Terrestrial ionosonde data are inadecmate to model the topside ionosphere. I gy ey iy Sy g, ¢ g R,
Various models exast for the topside ionosphere. There is a need for a qualification of the acouracy v T S Al
of the topside models using measured data durin various stages of the solar cyele and overa

watiation of latitudes.

b Ohjectbres
21 To map the svailshility of topeide ionosonde measurernents availdble frorm the
interenstnng- 19 mission.
22 Tocompare the measured topside data with the [nterrational Reference [onosphere model.
23 To dertve the parameters of various topside models from topside sounder data.

t. Electron density models to consider.
In each of the following models, the electron dersity is that which applies at a solar zerath angle of
0%, Mz} is the nommalized wertical electron density distribution

(L)

where N F2 iz the peak electron density of the F2 laver and 2 iz the nonmalised height

h
=g £2)
where f iz the distance dbove the F2-peak and iz the scale height - s gy u;ejhj“ he (o f"&f, iy g,
. Wer g "R.a‘t‘;—f;;;‘ i,
Raney o 35 e

r;
"ty tapgy
" gy

£t

where & = Boltmmann’s constant
T= Eebvin tempersture
J=moleclar mass of gas
=oravitational accelleration
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NASSP B.S¢ Hons project
Modelling of the topside ionosphere

Dr Piexre. Cilliexs
Space Physics Group
1. Introduction

The S .
mm;;phseﬁzulso:;_splt]i;e iz not well modelled due to sparcity of data. The Bent i
e o EJ.FL b International Reference lonosphere (IRI) [Bilitza 2001] &
e Imercgsm,f 111; of high solar activity. Satellite bome topside sounders, suc
the Intercos: m;- tuission 35 a useful source of data on the topside inmsphjere
isElon mdelsf%if?‘t- Tﬁemstngl ionosonde data are madequate to model the 1
Vorious mocels exiat br the topside innosphere. Thete is a need fora qualiﬁcat'[
opside models using measured data durin various stages of the solar cycl:

watiation of latitudes.
Ohjectmres
21 To map the svailshility of topeide 1
" T o m‘ssi;;_ opside ionosonde measiremments svailable fiom
23 TE Eiiia:eh:he measured topside data with the [nternational Reference Ic
parameters of varous topside models from topside sounder
t. Electron density models to consider.

In each of the followin
. g rodels, the electron density i - -
0%, hifz) is the nonaalised wertical electron djansil'(]:rﬂu:hsts'r En'.tblhatti;hlch apphes t a sok

where N F2 iz the peak electron density of the F2 laver and 2 iz the nonmalised he
=t
where f iz the distance dbove the F2-peak and iz the scale height

where & = Boltmmann’s constant
T= Kelvin temperature
M=rmalecular mass of gas
p=gravitational accelleration
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Regional mapping of F2 peak plasma frequency
by spherical harmonic expansion

B. Lazo *, A. Calzadilla, . Alazo, M. Rodriguer, 158, Gonpdlez
Feastrare of Choplysics aed Az @omy. 243 aveey, L2 Lon, Hona Ol 2906, Claba

pamnber 2L recerved i revised farm. L0 Fehruary 200%; aceepied 12 March 2003

S

Almlract

W ye spherical hammoni analyss to obloh 2 2.1 muap for the eritical frequency of the F2 layer in iwo sekeled geclon;
American and Europe! Al withtin the anss (158 to TFN 3t (e dnd T2FW 10 557 mgivpde), Bascdalanm anttirly median
£F2 valpes lslined in the glopal network al ipnosphenc slatons. Acklionally, we coripars W reaulis Tor a few localons with
lhese ahosrved by INTE ROOSMOS-19 1opside sounder zatelliie and wil e COUR il mpe, et ditgrant solar actvaty
levelt and seasons. L & gheown Lhal eur mwmLhly median refiodqal maps are prclcmhlc 12 wse ol the workl-wide CCIR mumericl
HEpE-

2003 COSPAR. Pubbisied by Eletaer Ll A1l rights neggrved.

Keywords: lonodphere, Spherical hEmanic analyss galar achivity; Topeide sou ader

1. Introduc tipn

Spherical harmonic analysis (¥HA) is an appropriste
technique for modeling spherically distributed data,
usingan expansion in orthogonal fungtions that are also
solutions of Laplaces equation a5 yet demonstrated by

1. SHA is a widely nsed technique in geo-

hown mode recently for the iencsphere by

5 and Toded avd Gaoder (1991). Like
other geophysical tachnigues, SHA bas certain matlie-
matical Tmitatiofs wien apphied o sagipral wARRAL.
Therefore, the spherical cap harmonic analysis (SCHA)
as a new teghmigue was ntroduced by Hailes {1985 @
avoid some of the difficulties arising when SHA are usad
o model a limited region of the Earth. Ta avoid some of
1l intrinsic mathematical imitations in the applicability
of this analytical method was created the adjusted
spbizrical harmonic analyss (ASHA) This ngwel tech-

nique Was prapased by De Santis (1997 in view af

mapping e gromagnetic fiald, wsing conventional
Legendm functions after an artificial enlargement of the
sprencal cap o & neniaphere.

—
Crrrespon dmg aathar Fax: +157.33545T
il gddress: WzabieniEigaon B Lazal.

Thanks to the high density of ionospheric stations in
Eurape, De Santis o al. (1942} apd D Franceschi et al.
(1994) were able o determtine 2 new regional made]
a5kl oniy o e aeadaki data within this region giv-
ing a better fit than obtained with global mEApping
mefhods, Cortrary to Foope, in e Cariblvean Bagion
tlere are a very low dendty of jonospheric stations and
that is why we cannot apply e program BMASHRY
developed by De Santis et al. (199 1o model fF2 over
this regian.

Far avoiding this [imitation (low density of iono-
spheric stations i {le Caribbean area) the traditional
spbevieal harmonic analysis is employed for 2-D regional
mapping of the monthly median valus aof fF2, includ-
g dakam s of innaspheris gatons laced out of the
ragion of interest, s houndary conditions at the infimity.

‘Wiahematica) expnession fEg. {1y} fox the expansion
of the LF2 jongspheric pammeter by Spherical Har-
monic Tunefons,

f.F2(de)

f w N
= z ZP:':“G #){ 7 cos(mp) + A sin(aee

el e

AR, Published by Pheer Ll Al rights resenved
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15, Gongdlez

Calzadila, K. Alazo, WM. Rodriguez,

2006, (b
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vl qed A pe ooy, 21D MR Lz Lao, Homna O
recerved i revised farm. L0 Fehryary 200%; aceepied 12 March 2ok

‘el

- ok,
4
y

o
g 20 mup for the critiesl Trequency of the F2 fyer in two sekeled sclor:

atsson wemtily medis

m
WVa
of tt.
wvariat. A S 1o AP Jafitude and T2FW 10 357E ngile). Base
F'Pt..l..i-v‘ A wapheric slabond. Acklionally, we coripars W reaulis Tor a few localons wilh
R g [ pgler eatellile and wil (e COUR il mpe, et ditgrant solar actvaty
H Ob]e o f{am regional mapd 2 preferihle 12 use of the workl-wide CCIR mumericl
211
; neserved.
o
22 Tou - Tapsade saunder
23 Tode
3. Electron denc e ';. . . Thanks to the high density of ionospheric stations in
In each of the fioll. o T L ""d'h___ . E\.?s_f.u,t.D: Gantis ot al. (1992 apd De Frapceschi el al.
0%, Mz} is the nomn * '"‘.'-."?":' *9-‘1 l",-_-,:-\.- ol H\J"_H] were ahble to .:.}:1.:nn||): 4 n.:\t I'C$Iﬂl.]\3|. nm.:-l.l
o e t-,-.l""' - a5kl oniy o e avpadable data, within this region gjv-
i v ;wt'- gt 4 Ty ing a better fit than obtained with global mapping
Mg Ry P afhods, Contrary to B, i e Caribean Bagian
__.;:N-"* o g s L 5. Contrary o, T W n Bagi
% g a* =-".1'";' :w:-* 2 ere are a very Jow denaity of jonospheric stations and T
P! et s R Ly
he . e gt G AT e t iz why we cannot apply 1he pragram BMASRHAY
where N F2 is the peak ! . | ’ 1 g loped by De Santis et al. ( 1994) 10 model LF2 aver
L b Ui g o,
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dght Algorithm (TOPIST):

Topside lonogram Scaler With True H

Automated processing of ISIS topside ionog

ns

Dieter Bilitza,' Xuegin Huang, * Bodo W. Reinisch Robert F. Benson,?
H. Kent Hills,* and William B. Schar™

; meviesd 24 March 3005 ; acoepted B May
[11 The United States'Canadian 1515-1 and 1515-2 satellites collected several million
topside ionograms in the 1960s and 1970s with a multinational netwark of ground stations
that provided good global coverage. However, processing of these ionogrmams into electron
density profiles required time-consuming mamal scaling of the tmces from the analog
onograms, and as a result, only a few parcent of the lonogrms had been processed into
electron density profiles. In recent years an effort began to digitize the aalog recordings
to prepare the lonogrms for computerized analysis. As of November 2002, approximately
360,000 I515-1 and I515-2 digital topside-sounder ionograms have been produced. The
Topside lonogram Scaler With True Height Algorithm (TOPIST) program was developed
for the mitomated scaling of the echo traces and for the inversion of these traces into
topside electron density profiles. The program is based on the techniques that have been
successfully applied in the analysis of ground-based Digisonde ionograms, The TOPIST
software also ncludes an “editing option™ for manual scaling of the more di
lonograms, which could not be scaled during the automated TOPIST mn, TOPIST is now
sfully scaling ~6{P4 of the [ lonograms, and the electron density profiles are
available through the online archive of the National Space Science Data Center at fip./
ta restoration effo
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be of particular importance for improvements of topside ionosphere
models, especially the Intemational Reference lonosphere, THIEX TERME 2481 loncsphere:
Topside moaphers; 2847 lonasphere: Madeling and forecasting, 2415 Iaesgihere. Bquaterizl snosphene;
KEYWORDE: tapade somundes, TOPIST, wonogram inversion, kpade imogram, 1515

Citation: Bilitza, [0, X. Hung, B. W. Reinisch B F. Benson, H. K. Hills, and W. B. Schar (2004), Topside lonagram
Scaler With True Height Algorithm (TOPIST): Amamated processing af 1515 topside ionograms, Radio S0i, 38,
RE1327, dei:10. 10297 2002 RE002ZE &0

scarcity of dats becanse ground-based ionosondes only
probe up o the F peak. Saelliebome sounders provided

[2] Modeling of fhe topside ionosphere, i.e, fe fegion  nformation about the topside ioncsphere, However, cnly
from the F2 peak © about 2000 km, suffers from 28 3emall percentage of these data have been processed into
electron density profiles, which iz the pammmeter of
greawes interest for pside modeling.

[(]1 A topside ionospnde transmis signsls sweeping
fhrough a typical frequency range from 0.1 & 10 or
20 MHz and records the time delay of the ionospheric
achoes. The ionogram estshlished in this way usually
inchudes an ordinary and an extraor dinary refloction trace
{0 and X wrace). lonogram analysis requires finding these
traces and then inverting fhem into an electron density
profile. The problem of fhe topside sounder missions in
the 1960z and 19705 and the reason for the low peroent-
age of electron density profiles obined is that the sealing
had i be dome manually, In the 1980s and 199,

R51527 laf7

1. Introduction
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