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PUBLISHER'S NOTE

Some comments are neCessahy on the discrepancy between the date of the sym-
posium at which the papers in this volume were presented (June 1980 at
Budapest) and the publication date of this report (May 1984).

At about the time of the symposium I agreed it would be appropriate to
issue the papers in the data report series (UAG) of the WDC-A for STP. These
data and discussions would obviously enhance the usefulness of the IRI and the
associated data in the WDCs. The editors agreed to provide us with camera-ready
copy of the text and did so within_ a reasonable time. They did ask us to cope
with preparing the figures for publication but provided captions and much

detailed planning information along with the drawings received from the authors.

The ensuing delays in completing the publication are a great personal
embarassment to me, which, I am afraid, spreads over to the WDC and its staff.
There were a number of staff changes and changes in responsibilities, and other
pressures and events which affected priorities. But the sum of the delays was
and is inexcusable.

Another effect of the above circumstances was that we have not been able
to -give here the degree of publisher's attention that has been applied to most
of the other volumes in this series. We have done almost no typographical
corrections in the text. We have compromised on the figures being legible
~rather than clear or composed or elegant. There probably remain many uninten-
tional clumsinesses of language by authors not experienced with English. But we
think information is transferred.

It was only in the first part of 1983 that a draft of the full publication
was completed and nine copies were sent to the COSPAR IRI Working Group
meeting at Bulgaria. A copy of the final draft was also sent to the 1984 COSPAR
meeting at Graz.

Thus, the lateness of this publication is in no way attributable to the
editors or authors, and we offer them our profound apologies. We agree that
most of the material included here continues to have importance and relevance to
modeling the ionosphere, and will continue to be a valuable complement to the
'IRI tables and computer tapes which are in remarkably high demand from the data
centers.

-1 should acknowledge the leading role in completing this publication of
“R.70.-€onkright, head of the Ionosphere Branch of the National and World Data
Centers. He should receive any credit which may remain to us, for without his
erserverance and labor after I undertook personal responsibility for the pro-
ect, we never would have completed it. C. T. Shanks, as usual, has done yeoman
“WDQK in trying to rehabilitate the diagrams.

My apologies to the authors, the editors and the community for the lateness
and the publication quality.

A. H. Shapley
Former Director, NGSDC
May 1984
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DESCRIPTION OF WORLD DATA CENTERS

World Data Centers conduct international exchange of geophysical observations in accordance with the prin-
ciples set forth by the International Council of Scientific Unions (ICSU). They were established in 1957 by the
International Geophysical Year Comnittee (CSAGI) as part of the fundamental international planning for the IGY
program to collect data from the numerous and widespread IGY observational programs and to make such data readily
accessible to interested scientists and scholars for an indefinite period of time. WDC-A was established in the
U.S.A.; WDC-B, in the U.S.S.R.; and WDC-C, in Western Europe, Australia, and Japan. This new system for exchanging
geophysical data was found to be very effective, and the operations of the World Data Centers were extended by ICSU
on a continuing basis to other international programs; the WDC's were under the supervision of the Comite
International de Geophysique (CIG) for the period 1960 to 1967 and are now supervised by the ICSU Panel on World
Data Centres.

The current plans for continued international exchange of geophysical data through the World Data Centers are
set forth in the Fourth Consolidated Guide to Imternational Data Exchange through the World Data Centres, issued by
the ICSU Panel on World Data Centres. These plans are broadly similar to those adopted under ICSU auspices for the
IGY and subsequent international programs.

Functions and Responsibilities of WDC's

The World Data Centers collect data and publications for the following disciplines: Glaciology; Meteorology;
Oceanography; Rockets and Satellites; Solar-Terrestrial Physics disciplines (Solar and Interplanetary Phenomena,
Ionospheric Phenomena, Flare Associated Events, Geomagnetic Phenomena, Aurora, Cosmic Rays, Airglow); Solid-Earth
Geophysics disciplines (Seismology, Tsunamis, Marine Geology and Geophysics, Gravimetry, Earth Tides, Recent
Movements of the Earth's Crust, Rotation of the Earth, Magnetic Measurements, Paleomagnetism and Archeomagnetism,
Volcanology, Geothermics). In planning for the various scientific programs, decisions on data exchange were made
by the scientific community through the international scientific unions and committees. In each discipline the
specialists themselves determined the nature and form of data exchange, based on their needs as research workers.
Thus the type and amount of data in the WDC's differ from discipline to discipline.

The objects of establishing several World Data Centers for collecting observational data were: (1) to insure
against loss of data by the catastrophic destruction of a single center, (2) to meet the geographical convenience
of, and provide easy communication for, workers in different parts of the world. Each WDC is responsible for: (1)
endeavoring to collect a complete set of data in the field or discipline for which it is responsible, (2) safe-
keeping of the incoming data, (3) correct copying and reproduction of data, maintaining adequate standards of
clarity and durability, (4) supplying copies to other WDC's of data not received directly, (5) preparation of cata-
logs of all data in its charge, and (6) making data in the WDC's available to the scientific community. The WDC's
conduct their operation at no expense to ICSU or to the ICSU family of unions and committees.

World Data Center A

World Data Center A, for which the National Academy of Sciences through the Geophysics Research Board and its
Committee on Data Interchange and Data Centers has over-all responsibility, consists of the WDC-A Coordination
Office and seven subcenters at scientific institutions in various parts of the United States. The GRB periodically
reviews the activities of WDC-A and has conducted several studies on the effectiveness of the WDC system. As a
result of these reviews and studies some of the subcenters of WDC-A have been relocated so that they could more
effectively serve the scientific community. The addresses of the WDC-A subcenters and Coordination Office are
given inside the front cover.

The data received by WDC-A have been made available to the scientific community in various ways: (1) reports
containing data and results of experiments have been compiled, published, and widely distributed; (2) synoptic type
data on cards, microfilm, or tables are available for use at the subcenters and for loan to scientists; (3) copies
of data and reports are provided upon request.
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CHAPTER 1. ELZCTRON DENSITY PROFILE

Section 1.1 D- and E-Region

1.1.1 D- and Lower E-Region Blectron Density Profiles Compared
" with LF and NP Absorption Data

%W. Singer, J. Taubenheim, J. Bremer

Akademie der Wissenschaften der DDR, Zentralinstitut
fiir solar-terrestrische Physik (Heinrich-Hertz-Inst.)
1199 Rerlin-Adlershof, German Democratic Republic

Lbsftract: Data on day-time and night-time radio wave absorption (at
oblique and vertical incidence) in the frequency range 50 to 2614
kHz, obtained in long-term observational programmes in Central Euro-
pe, are compared with the corresponding absorption values calculated
from electron density profiles of the Internationgl Reference Iono~
sphere (IRI-1979), for the geographic latitude 54 N. Full-wave and
phase-integral methods were used, the necessary collision freguency
data being deduced from the CIRA 1972 neutral pressure profiles.

The observed seasonal variation of the noon absorption values at
lower solar activity (R = 7o) is generally well reproduced by the
corresponding IRI-profiles.

Discrepancies between calculated and observed absorption values,
however, were found for the diurnal and the solar-cycle variation.

1, Introduction

A comparison of the D- and E-region electron density profiles of
the 1977 provisional version of the International Reference Iono-
sphere ("IRI-77") /Rawer 1977/ with experimental radio propagation
data from a mid-latitude observational programme has been published
by us earlier /Singer et al., 1980/. The present paper reports on
the analogous comparison carried out with the "official” IRI-1978
model /Rewer et al., 1978a/ in its corrected version of August 1979
/Rawer, personal communication/. The latter will here be referred
to as "IRI-T79".

Our experigental radio wave absorption data, observed at latitu-
des around 54°N in central Europe, in the frequency range from 5o
kHz to 2614 kHz at oblique or vertical incidence (cf. Table I),
cover a time interval of about two decades including a sunspot maxi-
mum (1969/70) and two sunspot minima (1964/65 and 1976). Thus the
main objective of our comparison is to test the absolute absorption
values as predicted from the IRI models, as well as their diurnal
variation in different seasons, and their change between conditions
of low and moderately enhanced solar activity (corresponding to
Zirich sunspot numbers R = 1o and R = 1loo, respectively).

2, Important features of the IRI-78 and IRI-79 models

The IRI-78 and IRI-T79 models are more suitable than the earlier
IRI-77 for comparisons with observed radio propagation data, since
they give a full representation of the (diurnal) electron density
variation with solar gzenith angle, X, instead of noon and midnight
only as in IRI-77. Shape and amplitude of the diurnal variation of
the D-layer electron density parameter, NMD, depending on solar ac-
tivity differ remarkably between IRI-1978 and its corrected version
IRI-79, as shown in Figure 1. In IRI-79, the solar-cycle variation




is considerably reduced as compared with IRKI-1978. Another charac-
teristic feature of the solar zenith angle variation of NMI in both
models can also be seen in Figure 1; this is the rather artificial
assumption that all diurnal curves of NML have to merge at higher
solar zenith angles (X260°) into a constant night-time level,

Wwith IRI-77, the comparison of mid-latitude observational data
had to be made with model values for 45° latitude only, which could
give rise to considerable errors in prediction, particularly in
winter. The IRI~-1978 and IRI-79 models now permit calculation for
the proper latitudes of the reflection points of the real propaga-
tion paths.

3, Method of comparison

For the observed frequencies, propagation paths and parameters
as listed in Table I, theoretical absorption valges were calculated
from the IRI-79 electron density profiles for 54 N latitude in the
following way (see also Singer et al., 1980).

Table I
Theoretical calculation of absorption values

Input data: Collision frequency, Vm (h) = 7.5 10° p/ m™2 (p from
CIRA 72, 55°N, month).
Observing frequency, f.
Electron density, N, (h) after IRI (¥ = 54°N; X, month,
R = 10 and 1o00),
Geomagnetic field, B, at reflection point.

Obligue incidence Vertical incidence
Full-wave method Fhase-integral method
L,, or L (penetrating mode) L, (ordinary mode)

Experimental data

(A 3 method) (A 1 method)
£/kHz d/km ¢ /N £/kiz $/°n
50 190 50.7 Freiburg 1725 48,1

128.5 188 53.7 2050

185 182 53.5 2440

245 178 54.9 Te Bilt 2300 52.1
529 83 53.8
2614 395 53.5

With oblique incidence at low and medium frequencies, the complex
reflection (conversion) coefficient, Ry, was computed by the method
of full-wave solutions, and from this e absorption value (in dB)

L,, =~ 20 1og[RM[

was determined. For vertical incidence in the medium frequency range,
theoretical absorption values were calculated by the phase integral
method. In both cases, the geomagnetic field at the reflection point
was taken into account, and the %ﬁono-energetic) collision frequency
was assumed to be proportional to neutral air pressure,

Qm(h) / s = 7.5 < 10? p/ N2

where the pressure, p, was taken from the CIRA 1972 models for 55°N
latitude and for the corresponding month.

The experimental data for radio wave absorption at oblique inci~




dence (43 method) are provided by an extensive long-term observa-
tional programme in the German Democratic Republic. The measured
guantity in the LF and MP ranges is the conversion coefficient R,
determined immediately from the ratio of sky-wave to ground-wave
field strengths, so that instrumental (sensitivity) drifts are eli-
minated., HF absorption data at vertical incidence are taken from
observational measurements made at Freiburg (FRG) and De Bilt (NL)
following the intermationally standardized procedures (A1 method).

4, Results of comparison

D- and lower E-region electron density profiles from IRI-79 for
summer (June) at 54°N latitgde are shown in Figure 2 for solar ze-
nith angles 31°, 60° and 80". In Figure 3 and Figure 4, theoretical
absorption values calculated on the basis of these model electron
density profiles are represented by triangular symbols, whereas the
experimentally observed absorption values and their diurnal varia-
tion are shown by curves.

Inspection of Pigures 3 and 4 shows that, under conditions of
low solar activity (thin curves, open triangles), the observed diur-
nal vagiation of oblique~incidence absorpiion .between noon and
X= 60" is generally well reproduced by the IRI model, except for
some slight systematic differences in absolute magnitude on higher
frequencies. The agreement between model and observation in the
trend of the diurnal variation continues to be satisfactory up to
X= 80" for higheg frequencies. 4t lower frequencies, however, the
calculated X = 8o~ absorption values are always slightly too large,
probably in consequence of the artificial assumption about NMD re~
maining at the constant night level for Y Z6o”.

The diurnal variation of observed absorption at vertical inci-
dence is not well reproduced by the IRI model. This might be due to
the fact that there is a rather large contribution of deviative ab-
sorption on the frequencies used, which introduces strong changes
in resulting total absorption, even with minor changes in the shape
of the electron density profile.

The outstanding problem showing up in Figures 3 and 4 is the
fact that the variation between low and high solar activity appears
to be much too large in the IRI-T79 modgl as compared with the ex-
perimengal data, at noon and at X = 60“. On the other hand, at
A = 8o, a slight difference between low and high solar activity
values is predicted by the IRI model for higher frequencies only.
This is easily understood because the IRI-79 model assumes the exi-
stence of a solar activity dependence for the k-region, but not for
the constant NMD night-time level valid at large zenith angles.

This discrepancy between model and observed solar-cycle varia-
tions in LF and MF absorption has already been found in our earlier
work /Singer et al., 1980/ with the IRI-77 model. It has been re-
duced, but not removed, by the new IRI-79 model.

The behaviour of theoretical and experimental absorption values
for April and September is essentially similar to that described
above for summer. On lower frequencies, the calculated daytime va-
lues are generally higher than the observed ones. Also for egquinox
months, the amplitude of the solar-cycle variation is significantly
larger in the IRI model than in the experimental data,




Figure 5 shows profiles of electron density at 54°N latitude
for solar zenith angles X = 77° (near noon) and 85° in winter (De-
cember). The full and dash-dotted eurves represent the IRI-79 model,
and the dashed curves are profiles derived from observed radio pro-
pagation data by a trial-and-error procedure /Bremer and Singer,
1977/. The latter curves show that, for an optimum interpretation
of observed absorption data, a more complicated profile structure
than that of IRI is needed.

when calculating absorption for winter at 54°N from the IRI
model, we are restricted all the day to that range of solar zenith
angles where the model no longer assumes any diurnal variation of
the model parameter NMD (see Figure 1), but only a variation of the
height parameter HND. Nevertheless, comparison with experimental
data presented in Figure 6 shows that the IRI model leads to a diur-
nal variation of absorption, the amplitude of which is in fair
agreement with the observed one.

Large discrepancies, however, arise between model and observa-
tion in. the absolute magnitude of radio wave absorption. At low fre-
quencies {(influenced mainly by the D-region part of the profile) the
calculated absorption values are generally too large, whereas at
higher frequencies the converse is true. This means that at least
the D-region part of the IRI model electron density profiles is in-
adequate for describing the real winter behaviour. This is confirmed
by the dissimilarity of the profiles in Figure 5 also.

The solar-cycle variation, which is clearly present in the ex-
perimental absorption data on 128.5 to 529 kHz, is not reproduced
by the IRI model, because the observation frequencies do not pene-
trate sufficiently high into the E~region.

4,4 Night

The results of a comparison between observed and calculated
IRI-model absorption during summer night are presented in Table II.
The experimental absorption data arg determined as average values
over the time interval whereX Z loo~. The theoretical values are
therefore calculated for a corresponding time interval.

Table IT

Comparison of observed night-time values of IF
absorption with values calculated from the In-
ternational Reference Ionosphere (IRI-79), for
Summer (June)

Fregquency Low solar activity (R = 10) High solar activity (R=loo0)
(kHz) Lyy (obs.) Lug (calec.) Lyy(obs.) Iy, (cale.)
(aB) aB) {dz) 1d3)
50 14.0 15.5 no obs, 15.4
128.5 15.6 18.0 20.2 17.6
185 23.0 24,5 29.0 24.2
245 14.9 18.1 19.2 17.4

The agreement between observed and calculated absorption at night
is quite satisfactory, the differences being not larger than 1o or 20




percent for low and high solar activitiy respectively. The character
of the soclar-cycle variation in the IRI model, however, is different
from that- observed, because IRI does not assume a solar-cycle vari-
ation in the night-time D-region, but only in the E-region. Thus,
the height gradient of the IRI model electron density at the lower
edge of the E-region at night becomes steeper with increasing solar
activity, resulting in a decrease in the absorption loss of waves
reflected there. Conversely, the observed data show an increase in
night-time absorption with growing solar activity, which indicates
that the night-time DL-region ionisation also undergoes a solar-cycle
variation. This solar-cycle variation is positively correlated with
sunspot number, which means that the dominant night-time ionisation
source for the D-region cannot be galactic cosmic rays (which should
exhibit a negative correlation with sunspot number), but rather of
solar origin (e.g., schttered Lymen-alpha and/or energetic particles).

The comparison betWeen model and observed night-time absorption
for equinox and winter leads to essentially the same results as for
summer.

5, Conclusions

Our comparison of absorption values calculated from the most re-
cent IRI-79 model with observed mid-latitude absorption data shows
that, for the purposes of reference sitandards and practical appli-
cations, the IRI-model allows satisfactory prediction of radio wave
absorption and its diurnal varistion under conditions of low solar
activity for all seasons except winter., There remain still the fol-
lowing shortcomings of the present IRI model of the D- and lower
I-regions:

(1) The artificial assumption in the IRI, namely that the D-region
parameter NMD at higher solar zenith angles merges into the constant,
solar~cycle-independent night-time value, leads to deviations in the
diurnal variation in the summer and equinox seasons, and is not rea-
listic for winter at medium latitudes.

(2) The assumption made in IRI-79, namely that the constant night-
time NMD value is independent of solar activity, leads wrongly to the
prediction of an absence of solar-cycle variation at high solar zenith
angle in winter, and to an erroneous negative solar-cycle variation
of night-time absorption, in contradiction to the observational re-
sults.

(3) The most important discrepancy between the IRI model and our
observational data is found in the solar-cycle variation of the D=
region part of the daytime IRI electron density profiles, which leads
to the amplitudes of the solar-cycle variation of absorption being
considerably larger than the observed variation (by 1o to 30 dE in
summer) .

Discussion remark:

&£.,D, Danilov mentioned the recent determinations of collision
frequencies from USSR rocket data made by Lanilkin. K. Rawer pointed
to the apparent discrepancy with available rocket measurements of
the electron density profile which is still unresolved.
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1.1.2 D- and Lower F-Legion Ilectron Density Yrofiles Compared

with LF and VLF Reflection Lata

Y.V. Ramenamurty

Radio Science [ivision, Kational Fhysical Laboratory
Hillside Road, Hew Delhi-11c012, India

iLbstract: The reported best fit models from VLY and LF reflection
data are compared amongst themselves, and with rocket profiles, in
order to see whether the profiles obtained through the inversion
process are similar to each other, and whether they sgree with the
direct measurements. The comparison shows (for both day and night
conditions) that there are considerable differences amongst the
profiles obtained by inversion on the one hand, and those given by
direct measurements by rockets on the other hand. It was felt that
there were considerable uncertainities associated with profile in-
version, and that it should no be applied to averaged data. There
still remains, however, the reverse possibility: to postulate &
profile and to calculate its reflection characteristics. lrodel cal-
culations show that the expected differencees, which enable one to
distinguish between various profiles, show up in the polarization.
In future, one should have more accurate FR/LF/VLT measurements,
giving due consideration to polarization, and one should devise &
combination of experiments in which it may be possible to measure
all the four conventional reflection coefficienis, in order to decide
on the merits of the various postulated models through comparison
of calculated snd measured coefficients.

1, Introduction

with given reflection data at various freguencies and distances,
one may look for an electron density profile which fits well with
the data. The question then is whether one gets a clear-cut realis-
tic profile. For comparison, one might use rocket measured profiles
and try to identify the propegation effects in conjunction with the
height dependent features of electron density. Rocket profiles of
electron density measured on the same day near noon at Thumba /ilkin
et al., 1972/ are shown in Figure 1. ipart from some fine structure,
a chuaracteristic step at about 8o km can be seen, a feature which is
also proposed in the Internationsl Reference Ionosphere (IKI) kodels
compiled by Keswer et al. /1978al/.

kocket measurementg of electron density at night for the solar
zenith angles X of 98~, 108° and 152° due to Fene /1972/, Lechtly
and Smith /1968/ and irakash et al. /1970/, respectively, are shown
in Figure 2. There is wide divergence in the shape of the profiles.

S0 we come to the following guestions:
(i) Through the inversion process of ¥F/ILF/VLF data do we obtain
profiles similar to each other? Lo we find the same cheracteristic
features in all of these?

(ii) Do these profiles agree with the direct measurements?

The present paper deals with these questions snd tries to des-
cribe the current status in this regard.




2, D- and Lower L-Region ¥lectron Density Frofiles

Locket launches with instrumentation for local electron density
measurement were made at various places around the world. Lifferent
attempts were made to synthesize these profiles so as to reach a
global model. ibout 7oo published D-region profiles were made compu-
fter-accessible by PNcNamara /1978/, and 242 of these profiles were
reported to pass through 9o km. The shape and gradient of electron
density distribution are of importance in characterising the pro-
files, and for comparison with VLF and LF reflection data. Mechtly
and Bilitza /1974/ were the first to classify the then available
rocket profiles into different types. They clearly identified two
types of D-region profiles: those with a steep gradient of electron
density above an inflexion point, and those which resemble a slo-
ping letter S. Certain daytime profiles show a nearly monotonic in-
crease of electron density with height. There are also profiles with
a distinct C layer, and some without it. The presence of this layer
is known to have 2 significant influence on the propagation of VIF
radio waves to long distances.

A proper and convenient representation of electron density for
different geophysical conditions is very important also from the
application point of view. Booker /1977/ favours an analytical form
of representation of electron density with one appropriate analyti-
cal function maintaining continuity, so thet no significant errors
occur when certain types of numerical technique are used for the
calculation of wave propagation characteristics. 4 representation
in the form of a computer program is described by Rawer et al.,
/1978a/. The electron demsity at a particular height in the D-re-~
gion is, in general, dependent on solar zenith angle, season, sunspot
number and latitude, probably in decreasing order of importance as
indicated by the results of MclMamara /1978/ and Mitra and Somaya-
julu /1979/. It is also known that the degree of dependance of D-
region electron density on the solar zenith angle varies with height.
Since, in the observed profiles, variability (a pert of which could
be due to the dynamics of the middle atmosphere) is evident, simple
averzges may not show clearly the individual influences of solar
genith angle, season, sunspot activity and latitude. Shape and gra-
dient of electron density are of importance particularly when con-
sidering the twi light periods and when interpreting solar flare
effects at LF/VIF. There is also the need to look for physical/em-
pirical relationships showing the various factors which influence
the electron density at a particular height, so that various types
of VLF/LF data collected under different geophysical conditions may
be compared with the profiles.

3, LF and VLF Reflection Tata

Tor the purpose of profile inversion, it is desirable to include
only short path (less then Soo km) observations. The assumption of
a plane stratified ionosphere is justified for such paths and full-
wave theory can immediately be used as the connecting link between
the reflection data and the ionospheric profile. The resulting pro-
file can then be assumed to represent the electron distribution over
a particular location for the corresponding geophysical conditions.
Certain problems appear when the long path VLF/LF observations are
used for profile inversion; these will be discussed in a subsequent
cection. Most of the published LF and VLF reflection data have al-
ready been discussed by several investigators in terms of the best-
fit electron density profiles, as shown in Figures 3 and 4 for day
and night conditions respectively.

In Figure 3, curve 1 shows the best-fit profile obtained by Leeks

/1966/ at noon (X2 50°) for mid-latitude, March, low solar activity
conditions; it shows a prominent C layer. The profile shown as curve
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2 represents the best-fit profile obtained by DBain and Harrison
71972/ &t noon (X x%0°) for mid-latitude, Summer (June), high solar
activity conditions; it also shows a C-layer. However, Foley et al.
/1977/ found that the VILF Cmega ground interference data at low la-
titudes are more consistent with & profile similar to the one ob-
tained by Deeks, but withour a C~layer below 7o km. Their represen-
tation of the profile below 7o km for low latitudes, at noon (223200)
in sugust for low solar activity conditions is shown as curve 3.
Fremer and uinger /1977/ used a large set Sf VLFéLF/NF reflection/
propagation data(for the latitude range 35 ...55 k) to deduce a set
of averuge profiles for different geophysical conditions, & typical
profile derived by them for X¥=60 , low solasr activity, mid-latitude
summer conditions is shown as curve 4. The most recent equatorial
profile for high solar activity conditions has been derived by Beh-
roozi-Toosi and kooker /198c/ and is based on LLF propagation evalu-
ation; it ic shown as curve 5. The profile marked 6, discussed by
kain and kay /1967/, has been obtained by krasnushkin and kolesnikov,
/1962/. Y¥either this profile, nor the revised set of profiles ob-
tained by Lrasnushkin and knyazewa /1970/ for various geophysical
conditions at mid-latitudes, show & distinct C-layer. The curve mar-
ked 7 wac obtained by thellman /1973/ and is  based on near vertical
incidence VLF sounder data referring to noon-time, mid-latitude, March,
high solar activity conditions. This profile also shows a prominent
C-laver; however, the peak is at a somewhat higher level during this
month. In the l-region profile obtained by Shellman' /1970/ for Octo-
ter, the peak of the (-layer is about 5 km lower. It is alsco interes-
ting to note that his results indicate the filling up of the valley
zbove the C-layer peak after the commencement of a solar flare. A
typical exponential daytime profile /wait and Spies, 1964/, a model
which has been extensively used by several investigators for the inter-
pretation of long path VLF observations, is shown as curve 8 in Pi-
gure 3.

come typical best-£fit night-time profiles are shown in Figure 4.
The profile obtained by Leeks /1966/ for low solar activity, March,
mid-latitude conditions is shown as curve 1, and that obtained by
Thomas and Harrison /1972/ for high soler activity, Summer, mid-lati-
tude conditions as curve 2. The profile obtained by ELehroozi-Toosi
and Looker /198o0/ for representative equatorizl low solar activity
conditions is shown as curve 3; it was based on LLF propagation con-
siderations. The profile obtained by Cairo et al. /1974/ for moderate
to high solar activity conditions at mid-latitudes in summer is shown
28 curve 4. Curve 5 weas obtained by the same authors for moderate
to high solar activity conditions at mid-latitudes. The profile mar-
ked 6 was an earlier typical International Reference Ionosphere model
suggested by Rawer et al. /1977/ for low latitude (18°8), June, mid-
night, low solar activity conditions.

4, Comparison of Irofiles

It can be seen that, during day-time, the step at about 8o km
exists in most but not &ll of the profiles. There is evidence for
the existence of a C-layer around 7o km in a few cases, and this is
important for VLF reflection phenomena. Moreover, there are profiles
which have many layer-like structures as well as some which are near-
ly flat. This is true also for the more recent profiles: curves 3, 4
and 5 in Figure 3%, Cne must therefore conclude that there is no de-
finite evidence to show that the reported best-fit profiles agree with
each other or with the direct rocket measurements. Some of the direct
measurements, such as those shown in Figure 1, and the rocket LF pro-
pagztion measurements discussed by Hall /1973/, provide evidence for
the existence of a clear C-layer, but show little similarity to those
obtained from profile inversion. The two guestions posed in the Intro-
duction must therefore be answered in the negative.

The situation for night conditions (Figures 2 and 4) is much worse.
The best-fit night-time profiles drawn in Figure 4 show a sharp gra-
dient near 88 km, but considerable differences exist in the shape and
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and absolute values at all heights. The position of the gradient

and the shape of the profile below 90 km are very important features
both for modelling purposes and for VIF/LF reflection phenomena. Ave-
rage electron density profiles based on rocket measurements /Maeda,
1969/ reveal some systematic time variations during night-time near
the peak (100...105 km) of the E-layer. However, as can be seen from
Figure 2, the individual profiles show large variability as a func-
tion of hight for night-time conditions. It is thus seen that for
both day and night conditions, there are considerable differences
between the profiles obhtained by inversion on the one hand and by
direct measurements by rockets on the other hand.

It is, therefore, important to know whether the reflection cha-
racteristic depends sensitively on certain parameters like the fre-
quency or the angle of incidence. In spite of the limits of error
associated with the measurements of Shellman /1973/, it is quite
clear from the frequency dependence -(Figure 5) that a selective
minimum occurs, and hence conclusions based on measurements at a
few frequencies only are not good enough. Moreover, averaged field-
strength values are likely to smear out typical effects associated
with the very mnature of the reflection process. As shown in Figure 7,
a strong variation of the reflection coefficient is found for large
angles of incidence, and hence such angles must be avoided in D-region
modelling considerations through inversion procedures.

It is therefore evident that considerable uncertainties are asso-
ciated with profile inversion and, in conseguence, it should not be
applied to averaged data. There still remains, however, the reverse
possibility, namely to postulate z profile and to calculate its re-
flection characteristics.

5, lModel Calculations

The four conventional reflection coefficients (R, , Ry, iRy,
Ry discussed by Budden /1962/ provide a connecting link between
%he measured parameters and those computed from models, while the
reflection coefficients K _ and Rﬁ for the penetrating and non-pene-
trating modes discussed by PitteWay /1965/ give an insight into the
transmission properties of the assumed profiles. Conservation of
energy requires /Figgott et al., 1965/ that:

N 2 e 2 2 2
B+ Re = [LRo| + (R 1+ 0 (RyUs{ Ry

2 1

(18

At short distances (less than about 500 km) one or two of the
conventional reflection coefficients are usually obtained from the
measurements as indicated in Table 1.

Table 1

Connecting Tarameters

short distance (  5o0 Kin)

W Ra R
1R LR
long path Ray Theory
. R aEy  wR1 Rgll 0
ARy LRj 0 Rgl
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Fode Theory :
Ao, A (D) + Ao (L) + amg(LaT) + Aoty (R)
ai= - 20 logy, (k(model))

2z

Attenuation: total = ground attenuation + ionospheric atten.ofy

In order to interpret the long path VLF and LF fieldstrength and
relative phase measurements, either from ray or from mode theory
considerations, an adequate number of hops (m) or modes should be
considered. For such situations, all the four conventional reflec-
tion coefficients are involved, and in multihop ray theory conside-
rations, also the ground reflection coefficients /wait, 1961/. The
interpretation based on waveguide mode theory is usuelly carried
out /Wait, 1967/ using an effective attenuation decrement o, due
to the ionosphere. Any change in the electrical properties of the
ground or the ionosphere influences the effective attenuation rate,
The change in ionospheric attenuation,aody can be regarded ag the
sum of the individual contributions depending on longitude (¢§,
solar zenith angle ( X¥), latitude (Lat) and sunspot number (1) as
shown in Table 1.

It is difficult, on long propagation paths, to evaluate the in=-
dividual reflection coefficients from total fieldstrength measure~
ments alone. It is equally difficult to calculate an effective re-
flection coefficient R(model) from profiles in view of the strong
dependence of the reflection coefficients on angle of incidence at
large engles of incidence, and because of the fact that an integra-
ted effect along the whole propagation path is involved. ¥or some
typical models, the magnitudes of the computed reflection coeffi-
cients obtained with the full-wave.computer program due to Scara-
buci /1969/ are shown in Table 2.

Table ¢

Description of the Model

Model No,

1. Laytime model due to Barrington and Thrsne (Figure 6) /1962/.

2. Daytime model due to Pain and Harrison (Figure 3, curve 2)
/1972/.

3. Night-time exponential model discussed by Figgott et 2l.,
/1965/ with HO = 3,42 km, ho = 80 km.

4. Night-time exponential model discussed by same authors with
HO = 1.71 km, hO = 60 km.

5. Night-time eralier IRI model suggested by Rawer et al.,
(curve 6, Figure 4) /1977/.

mogg% i (in) ¢ I R R, fr 1Ru gk Ry
1. 83° 16 111° 68° 0.66 0.67 0.63 0.02 0.05 0.66
2. 330 16 111° 68° 0.11 0.31 0.24 0.11 0.11 0.17
3. 30° 16 111° 68° o0.07 0.77

4. 30° 16 111° 68° 0.18 0.34 ,

5. 83° 16 111° 68° 0.69 0.76 0.44 0.23 0.25 o0.70
6. 83°  22.3  132° 14° 0.62 0.35 0.43 0.12 6.32 0.16
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The daytime model (Figure 6) due to Darrington and Thrane /1962/
is designated as Model 1 and its reflection properties have already
been discussed by Tiggott et al. /1965/. This model has a characte-
ristic step similar to the one found in rocket profiles, but at a
lower height. The daytime model (Figure 3, curve 2) due to Tain -and
Harrison %1972/ is designated as Fodel 2. For the night-time, the
properties of an exponential model of the form

N = HNo . exp é{h—ho) / H} (2)

were azlready discussed by Piggott et al. /1965/. In Table 2, Model 3
represents the exponential height distrivbution with H = 3.42 km

and h_ = 8o km, while Fodel 4 stands for the distribufion with

H = 9.71 km and h_ = 60 km. The earlier night-time IRI profile
(°Yigure 4, curve 8) suggested by Rewer et al. /1977/ is designated
as Model 5.

The reflection coefficients were computed for the two frequencies
16 and 22.3 kiHz for the IRI model with the same (real) angle of inci-
dence (1) and with specific values of azimuth (¢) and dip (I) as
shown in Table 2. (The profile below 85 km was extended by the author
as indicated by the dashed line extending curve 6 in Figure 4.)
The results of calculations for hodel 1 are in agreement with those
presented by Piggott et al. /1965/ and provide a reference for com-
parison with subsequent calculations. The reflection coefficients
obtained from lodel 2 are also in reasonable agreement with those
obtained by Bain and Harrison /1972/. The values of K and R ob-
tained by Figgott et al. /1965/ for the night-time exBonenti¥l models
for the two sets of hO and HO are also shown in Table 2.

The results of the calculations discussed by Figgott et al. /1965/
" showed that was very small for all angles of incidence near 10° and
was less than® R, for all angles of incidence. The ratio Hp/Rn approa-
ched unity for large angles of incidence. The calculated frequency
dependence of I, (for a fixed angle of incidence of 25°) for the
night profile (Fodel 3) showed a strong minimum near 14 kHz, and Rp
was always less than Rp for frequencies less than about loo kHz.
It had also been noted that R, increased by about 8% and Ry by 40%
when the scale height (H.) was halved, while keeping the electron
desnity at 8o km constant. :

The results of calculations for the earlier night-time IRI model
(iiodel 4) indicate large values of Ry comparable with the value for
the daytime profile (Model 1), and in fact Ky, exceeded R, at 22.3
kilz., There is a large difference between the calculated magnitudes
of Ry for the night-model for the two frequencies, which differ
by only 6.3 kHz, while it is nearly the same at 16 kHz for both day
and night conditions. Differences which might make it possible to
distinguish between various profiles appear only in the polarization.
The rather large values of Ry at 16 and 22.3 kiHz, coupled with the
fact that the conservation o% energy requirement (Equation (1)) is
not satisfactorily fulfilled, suggests however that the calculation
should be repeated using a different shape(gradient)in the earlier
IRI profile, especially at heights below 85 km. Unfortunately, de-
tailed ‘polarization measurements are almost inexistent. In future,
it would be desirable to have simultaneous accurate measurements
of the conventional reflection coefficients so as to make it possi-
ble to decide between the various models porposed.

Concluding remarks

# proper and convenient representation of electron density for
different geophysical conditions is very important both from research
and application points of view. hs far as the D- and E-regions are
considered the IKRI /Rawer et al., 1978a/ considers (at a particular
height) four parameters, the solar zenith angle, season, sunspot
number and latitude in decreasing order of importance. This is also
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shown by the results os Mellamara /1978/ and Fitra and Somayajulu
/1679/. 1t is zlso known that the degree of dependence of D-region
electron density varies with height; this might be due to the dyna-~
mics of the middle atmosphere. ianyway, since variability in the ob-
served L-region profiles is evident, the influence of these factors
has to be carefully formuleted. The shape and gradient of electron
density are of importance, particularly when considering the twi-
light periods and while interpreting solar flare effects at VIR/LF.
while the 1kI procedures for the I- and E-region modelling adopt
the peak/inflexion point electron densities, the height of the peak
and of the inflexion point, the profile should be given as an ana-
lytic function of height once it is established based on IRI proce-
dures. at frequencies below %co kilz such representation is needed
when computing full wave reflection coefficients to avoid errors
when certsin numerical operations are performed on these profiles.
This wus pointed out by Booker /1977/ and was subsequently empha-
sized by Gulyzeva /1980/ who has zlso suggested a FORTRLE Subrou-
tine to incorporate this aspect in the IKI /1978/ program. DLesides
this aspect it is &lso easier to feed the profile to other computer
progruems like VLF/LF fieldstrehgth and phase calculation programs
which require & lot of computer memory.

LUMma Ty

1t would be desirable tc have more accurate WMIFF/LF/VLF measure-
ments, giving due considerstion to polarization, and to devise a
combinstion of experiments in which it may be possible to measure
@11l four conventional reflection coefficients, in order to facili-
tate & decision between the various postulated modele by comparison
of celculsted and measured coefficients.
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Fig. 3 Some typical daytime best-fit profiles of electron density reported from
ELF, VLF, LF data: (1) Noon-time ( y 50°), mid-latitude, March, low solar
activity [Deeks, 1966]; (2) Noon-time ( x 30°), mid-latitude, summer (June),
high solar activity [Bain and Harrison, 197213 (3) x 20°, low latitude,
August, low solar activity [Foley et al., 19771; (4) x =60°, mid-latitude,
summer, low solar activity [Bremer and Singer, 19771; (5) x =0°, low
latitude, high solar activity [Behroozi-Toosi and Booker, 1980]1; (6) Noon~
time, mid-latitude, summer, high solar activity [Krasnushkin and Kolesnikov,
1962]; (7) Noon-time, mid-latitude, March, high solar activity [Shellman,
1973]; (8) Noon-time, exponential profile with a typical slope [Wait and
Spies, 1964].
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Fig. 4 Some typical nightime best-fit profiles of electron density reported from
ELF, VLF, LF data: (1) night, mid-latitude, March, low solar activity
[Deeks, 1966]; (2) Night, mid-latitude, summer, high solar activity [Thomas
and Harrison, 1970]; (3) Night, low-latitude, average, low solar activity
[Behroozi~Toosi and Booker, 1980]; (4) Night, mid-latitude, summer, moderate/
“high solar activity [Cairo et al., 1974}; (5) Night, mid-latitude, winter,
moderate/high solar activity [Cairo et al., 1974]; (6) Mid~night, low
latitude, June, low solar activity [Rawer et al., 1977].
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1.1.3 Comparison of Tonosyheric Ilectron Lensity Models Using

Data from & Mid-latitude Absorption Path

I, Priedrich', T.n. Torkar®

T+ . . - N .
Lept. of Communications and wave Propegation,

) ‘ . ) o s
Space Res. Inst. of the isustrian scsdemy of Sciences,
Technical University, Craz, Austrisa

Abstract: JIonospheric radio wave absorption is computed for diffe-
Tent solar zenith angles and seasons using IRI and an ion-chemical
model. When compared with measurements, it appears that IRI can only
insufficiently reproduce the sudden increase of sbsorption at sun-
rise, whereas the ion-chemical model suffers from & deficiency in
the electron density in the lower E-region.

Eetween October 1974 and June 1976, an A3 absorption path was in
operation between Coburg (FRG) and Graz (sustriz). The freguency
used was 2.83% Milz and the distance was 502 km. The CW transmissions
were interrupted during one out of every five minutes to allow a
check of the background noise to be made /Torkar et al., 1978/. The
highest signal in each 5-min interval was recorded and filed with
the solar zenith angle ¢ at the mid-point of the path (48.7%, 13.20L).

In Tigure 1 the absorption (vs. an assumed reference via a noctur-
nal Eg) is plotted for X = 40 + 100 to 140 * 10®, Cne can clearly
gsee the higher absorption in winter at the same solar zenith angles
(winter anomaly). The absorption L was also computed theoretically,
using IRI /Rawer et al., 1978a/ for the path's mid-point with solar
activity R = 20 for each mocnth in a ray tracing programme for a
spherical larth/ Torkar, 1977/. The 'most probable transport colli-
sion frequency' % was determined from the pressure p of the recent
atmospheric model by Cole and Kantor /1978/ interpolated for the
correct latitude, multipl in% p by a proportionality factor K which
was chosen as 5.8 « 102 meN~Ts=1 after Smith et al, /1978/. These
authors determined K from observations where ¥ and P were measured
simultaneously. Froportionality of both can be assumed according to
the laboratory meagurements by Phelps and Fack /1959/. It is impor-
tant to note that ¥ was used by Sen and Wyller /1960/ in their for-
mulation of the refractive index as used in the present ray tracing
calculations. (In the classical dispersion formulas, however, the
'averaged transport collision frequency' is used.)

Cne clearly sees in Figure 1 seasonal variation of the simulated
absorption..In winter, however, its variations do not agree with
those of the mean day-time absorption. This is to be expected since
electron density profiles of days including typical winter anomaly
'events' were deliberately excluded in the construction of IRI. The
rather large variations at night are not due only to the scarcity
of usable data, but more likely to be a consequence of the changing
reflection conditions rather then of absorption. it large zenith
angles the simulated absorption is in reasonable agreement with the
observations; however, for large absorption (L greater 3o dE at
X< 60°) the measured data tend to be somewhat Iower than the simula-
tion. Now the measured mean values are probably slightly biased to-
wards ‘moderate' absorption due to saturation (&t night) or to the
occurrence of signzls below the equipment's threshold (at noon).
Nevertheless, it must be concluded that the model electron densi-
ties are too high since the above value of K (relating to p) is
perhaps the lowest in the literature. From a recent compilation of
laboratory measurements by isggarwal et al., /1979/ one should expect
6.34 + 102 mZ2N-Ts=1 for D-region temperatures. Other experimental

19




5 =1 =1 ,
values are nearer to 8.0 -10° m<i s /e.g., Threne, 1968/. (The

even higher value of 9.9 10”2 reported by Dennett et al. /1972/ is
probably due to the determination of the pressure p.) The old CIlk:
/1972/ atmospheric model would give about 3ol less pressure, and
therefore & smaller collision frequency in the lL-region. Yowever,
as pointed out by Cole /197%/, the much higher number of measure-
ments strongly supports the choice of the present atmozpheric mos
del /Cole and Kantor, 1978/.

It wes also attempted to build an ion chemical model using physi-
cal and cheuical considerations rather than statistics. The complete
description is given elsewhere /Torkar and Priedrich, 1980/, and
here only the main features will be indicated. 1ln a steady state
model, the production processes include scattered light, cosmic rays,
direct solar UV and X-rays and the neutral atmosphere taken from the
Cole and Kentor /1978/ model. is for the (varizble) minor species,
the density of atomic oxygen ¢ was basically taken from the model
computation by Thomas and Towman /1972/, but the iC density came from
the measurement of Tohmatsu and Iwagami /1975/. This lew latitude
reasurement on the average provided the bect agreement with the ob-
servations. The frequently used NC densities of leira /1971/ are now
widely considered to give values which are too large.

48 & next step the absorption as a function of solar zenith angle
was calculated using IKI and the ion chemicel model. Figure 2 chows
the comparison with the measurement (mean over a month) for January
and July. Two features can be deduced:

@) Similarly to Figure 1 one rezlises that, for small zenith angles
in summer, both simulated absorptions are too high. If in winter
they are too low, this is because @s observed absorption we took

a simple mezn over all datsa for the months of January 1975 and 1976

end thus included days of pronounced winter anomaly. ¥For the compi-

lation of IRI such ceses were deliberately omitted.

b) Sunrise occurs some 109 earlier in the absorption when using IKI,
Lualitatively, the ion chemical model reproduces the sunrise con-
ditions in a more realistic manner.

The results using the ion chemical model can be hrought into gross
agreement by varying the 30 densities with season (i.e., higher in
winter, lower in summer) as predicted from model calculations, e.f.
by Shimazaki and Laird /1972/.

The steeper variation at sunrise must be expected from the varia-
tion of the electron densities vs. the solar zenith angle which is
different in the two models. ¥Wigure % chows 1L1 for geograrhic and
geomagnetic latitude 45°, equinox end R = 50 from G to 1¢ LT together
with the result of the present ion chemical model for the same condi-=
tions.(ne can clearly see the much steeper incresse 2t sunrise occur-
ring in two steps (Photodetachment and subsequent direct solsr ioni-
zation). During the day there is z notable deficiency at 90 and 1oo km
of the modelled electron density as compared with IKI1 which, because
of the larger number of measurements, is probably reliazble at these
heights., This problem has heen encountered by other auvuthors /e.g.,
Golshzn and Sechrist, 1975/ and seems to be due to uncertainties in
the ion production by soft and medium X-rays. It should be mentioned
here, that other and more sophisticated models /e.g., Ogawa and Zhi-
mazaki, 1975/ similarly show a sudden increase of the electron densi-
ty at sunrise.

Liscussion remarks:

The author admitted that below 90 km he had changed the CIRKA model
adapting it to the Cole and Kantor chemical model which gives higher
temperature. ilso the coefficient of proportionality was chosen some=
what lower than the most recent laboratory measurements (5.8 instead
of 6.4) while earlier determinations ended up with higher values up to
9.9 .
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Fig. 1 Observed absorption at constant solar zenith angles
obtained by A3-measurements over  the distance
Coburg-Graz, and simulated with IRI (1978).

Fig. 2 Measured and simulated absorption vs. solar zenith angle.

Fig. 3 Measured absorption vs. zenith angle and result of
theoretical computations using the ion-chemical model.

Fig. 4 Diurnal variation of electron density after IRI (1978) and
. from the ion-chemical model (equinox).
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Section 1.2 Eottomside F-FKegion

1.2.1 Critical Comparison of IRI with Information Cbtained

from Pottomside Ionograms

T.L. Gulyaeva

Institute of Terrestrial Magnetism, ITonosphere and
Radio Wave Fropagostion, USSR scademy of bciences,(IZPﬂiRAN)
142092, Troitsk, Moscow Kegion, USSK

spbstract: The results of comparing the IRI electron density profile
with one N(distribution obtained from the analysis of ionograms are
presented for the quiet and disturbed mid-latitude ionosphere at high
solar activity. The velley depth and velley width for the interlayer
BE-F and F1-F2 regions were evalusted by calculating the N(hprofiles
from the bottomside ionograms. The IRI and ¥ profiles were ad justed

at the peaks of the X~ and F2-layers, the comparisons being made at

the intermediate heights. It has been found that the k-F valley depth
obtained by Mhlanalysis agrees well with that of IRI. The E-T valley
width of IRI is about half as much as that of NH. The largest dis-
agreement between the IRI and the ionogram profiles occurs above the
valley at the transition from the intermedizte region to the F layer
subpeak section, where there are diserepancies of up to loo km in height
and of a factor of two in electron density during an ionospheric storm,
especially with the F1 layer present. Corrections to IRI using the
vertical-incidence sounding data are proposed.

1, Introduction

Turing many years, data from vertical-incidence soundings have
been used for developing ionospheric models. They formed also an essen-
tial part of the data base in IRI /Rewer et al., 1978a/: the most re-
presentative empirical model of the ionosphere nowadays. These data,
with &ll the well-known difficulties of their inversion into electron
density profiles, cover a wide range of heights through the bottomside
and topside ionosphere, but never provide a world-wide description of
the complete N(h) profile such as, say, the IRI profiles at heights from
7o to looo km. But IRI as a summary model offers an approximation to
the resl ionosphere within the limits of the data base used.

To re-establish more accurately the real state of the ionosphere,
it appears to be reasonable to use the system of IRI combined with &
system fo analysis of the vertical-incidence sounding data. The funda-
mentals of IRI offer favourable grounds for such a coupling. Thus, an
outstanding feature of IRI is the profiles description given in a form
reduced to the F2-layer peak plasma density and its height. Consequent-
1y, having these pesk values as determined from the verftical-incidence
sounding data for individual days, makes it possible to adjust the IKI
profile to these measured values.

On the other hand, the E-region IKI profile does not depend on the

- Fe-layer peak values, since it is determined by the solar gzenith angle,
geographic coordinates and solar activity. 4t the same time the E-layer
{(h) profile can be obtained by ionogram inversion within certain error
limits /wright et al., 1975/, but only for day-time conditions, the E-
layer not being observed by ionosondes at night. To make up for the in-
sufficient information, it has been decided to take over the E-region
data from IRI for N(h) analysis of ionograms. Input of the HME is suf-
ficient by day fto be fitted by the E-layer real heights when calculated
from ionogram. &4t night, and in other cases when an E-layer trace is not
observed by vertical~incidence sounding , a section of the E-layer elec-
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trondensity profile from IKI is used as input data for the system of
ionogram wnalyeis, together with the F-layer virtual heights,.

Thus, the ILI profiles and ionogram electron density profiles co-
incide a4t the two nodal points - the bL-layer peak znd F-layer peak.
Given this link, it is essential to check how the shape of the remain-
der of ILI profile agrees with the resl observational dats. The resul ts
of sugh o comparison are presented below.

2, beterminotion of the Velley Depth and Valley Width from Ilonogrems

The valley, or decrease of electron density between the ionospheric
layers, hac long been a problem in the analysis of bottomside ionograms.
hecent studiez have verified the feasibility of determining two main
paremeters of the unseen ionisation - the valley depth and valley width
- from ecctuzl ionograms /Culyaeva, 1979, 1980/ .

\hen comparing the model electron density profiles with the corres-
ponding numerical h'(f) curves, three constituents of the virtual height
have been separated: the subpeak delay due to the underlying regions,
that produced by the valley, and the contribution of the ionosphere above
the valley. These components and their sum, a curve of the virtual heights
h' in the F-layer (the ordinaty mode), are shown in Figure 1 for three
model profiles /.lerbert, 1967, Tatles 3, 5, 7/: (a) en example of the
rmonotonic profile with no valley, but-only a ledge of N(h) between the
- and ¥F-layers; (b) the case with a deep valley, where the percentage
depth relative to WF'E is about 44%; (c) the model with a shallow valley
where the percentage depth is 6%.

(ne can see from Figure 1 that the subpeak delay due to. the k-region,
I. , when sounding the F-layer, is greatest at frequencles just above foE,
dgcreasing rapidly towards fol to the value of HFE. Hence, the shape of
the [~laver profile is not essential for the inversion of the PF-layer
virtual heights, but a knowledge of the two peak parameters, HME and
LikE, is very important.

Taking the contribution of the interlayer region, Iy, to the ¥F-layer
delay-times, one can see from Figure 1 that, with incrgasing radio fre-
quency from foE towsrds foF, it decreases esymptotically aprroaching the =
value of the valley width, W. This results obviously from the expression
for the valley componenz of the integral of the retardation if it is
presented using the law of the mean as hes been done by Ytoutiev /1972/
and Denisenko and Sotsky /1978/:

hmE+W
. - #
Iv(fk’fv,"‘) =j )ﬂ-/‘(fk:fl\;)dh ://U(—Lksfv Yy W v (1)
hmE

vince, by definition, the group refrective index M > 1 for any mean
plasma frequency £ * in the valley: f < T *{ foE, it follows from Lqua-
tion (1) that the Sontribution of thevinte¥layer region to the virtual
heights h'F is greater than the actual width at all frequencies of the
F-layer:

Iy > W (2)

Lastly, the contribution of the F-region, I, to the F-layer virtual
heights is given in Figure 1; it grows from’ zero at the base of the
layer to become dominant at the higher frequencies as compared with
other constituents of the integrsl of retardation, h'F. .

any inversion method permits the determination of the real heights
for the k- and F-regions; thus the delay due to both regions can be
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calculated from these at any frequency f, . when this is done, the F-

and P-region delays may be subtracted frém the observed virtual heights
h'F to yield the integral of the group retardation due to the valley
region:

IV(fk’fV’w) = h'(fk) - IE(fk) - IF(fk) ’ (3)

The most accurate methods of calculating the k(h) profile enable

one to determine the valley width W /Faul, 1966; Gulyaeva, 1972; Koutiev,
1972; Lobb and Titheridge, 1977/. Using this value of W and calculating
Iy by Equation (3), then from Fquation (1) we get the mean value of the
group refractive index in the valley:

pELET) =1y /W (4)
(foE < T < foF)

i corresponding mean value f * for the plasma freguency in the valley

can

then be found from the formulae for the group refractive index

/Shinn and Whale, 1952/.

The use of the above reverse procedure with numerical ionograms has

shown that, with any actual shape of the H(h) distribution in the valley,
it can be assumed that:

fv* = 1/2° (£, + £oE) (5)

This assumption was tested ecmpirically elsewhere and proved to be valigd

for

foE,

F-layer frequencies appreciably higher than the critical frequency
thus permitting the value of the minimum valley freguency f_ to be

determined from these within an error about 1o% /Culyaeva, 197977

Figure 2 illustrates the results of the application of the zbove pro-

cedure to the U and X echoes for the three cases shown in Figure 1. The
horozontal lines indicate the exact valley depth in the parent profiles:

(a)

f, = f¢E, there is no valley; (b) f£_ = 3.0 MHz with foE = 4.0 iz,

a deep'valley; (c) f_ = 3.873 Milz with f8E = 4.0 ¥z, a shallow valley.

The

ves

calculated minimumh valley freguency, is given by the letters

f
0 and X for the correct valley,width W fitteg’by the N(h) profile; cur-

04 and X, show the variation of f_ obtained when the valley was ig-

nored 'in the N(h) analysis (monotonic'assumption) which yielded under-
estimated P-layer real heights in cases (b) and (c); O, and ¥, refer to

the

valley width W coverestimated by 2o km as compared %ith the initial

model.

Cne can see from Figure 2 that the O and X values of f_ differ from

each other for the different fixed widths, W, within the range of possi-

ble
the
the
the
the
for
was

solutions of N(h). They coincide, or are close to each other, for

value of W correspanding to the exact F-region profile consistent with

numerical h'(f) curve /Herbert, 1967/. Therefore, the coincidence of
O and X values of the calculated valley freguency f_, together with
best approach -to the correct valley width W, can sefve as a criterion
finding the required N(h) profile /Gulyaeva, 1979/. This criterion
used in the present paper, when calculeating the N(h) profiles from

experimental ioncgrams, for determining the valley depth and valley width
in the E-P- and F1-T2 regions of the ionosphere.

When the X echoes could not be observed in the F-layer, empirical ex-

pressions /Gulyseva, 1980/ have been used to determine the width of the
interlayer E-F vélley through a direct estimate of a real height at the
frequency corresponding to the minimum in h'P. At night, the calculation
of the F-region profile was carried out first from the lonogram data with
an initial correction for the unseen ionisation. Then the E-region pro-
file from IRI was combined with these F~layer ionogram results for the
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determination of the E-F valley depth using kquations 3 to 5 above,
The results of these calculations are discussed below.

3, Comparison of Iarsmeters of H(h) Profile from lonograms with TKI

Some loo ionograms for april, 1979 were chosen to calculate the N(h)
profiles. This month was characterized by interesting solar and. geo-
physical conditions. The monthly average sunspot number, R = 103, waz
about 30 units less than that predicted, while in lFearch and hay, 1979
the number was close to the predicted values ( 13%). Larly in .pril and
late in the month, two strong negative ionospheric storms were observed,
and a moderate positive disturbance occurred during several days in the
middle of the month. Ionograms for the guiet, moderately disturbed and
the most disturbed conditions were selected for comparison with 1KkI.

Monthly average IRI profiles were calculated using ‘he median vzlueg
of foF2 and F(3000)F2 from the monthly tables of ionospheric data for
moscow in April, 1979, to yield th reguired initial peak values of KEI2
and HMFZ2 /Tilitza et al., 1978/. The evolution of the IXI profile with
different assumptions for the peak values is shown in Figure 3 in which
curve 1 is the monthly average profile of plesma frequency, f.(h),
at 2130 LT derived from the median values of foF2 and 1i(3000)"F2 as
zbove. The IRI programme provides also an option of fitting the average
profile to the F-region peak values given by Chiu /1975/. This version
of the calculation has been illustrated by the curve 2 in Figure 3.

Yhen comparing ILI with rocket observations of the K-regilon 1i(h)
profile /Sinel’ nikov et al., 1980/, it was found when fitting IKI to
individual days, the date is required in additions to month and hour
ae input for IRI. This parameter is preferable, as input, to the solar
zenith angle XH1, as proposed in corrections to INI-78 /Rawer, 1979/,
because the input of the date specifies not only XiI, but also the Suns
declination, sunrise and sunset, and consequently &ll other parameters
of IRI depending uponihese. The section of the ILET profile below the
vese of the F-region, JIEF, corrected by the input of the date observed,
is shown in Tigure 3 (curves 2, 3%, 4). #ll the results of calculations
with IRI, as presented below have been obtained with the progrem modi-
fied by input of the data observed.

The profiles in Figure 3 represent the moment of the maximum phase
of the ionospheric storm with a decrease of fo¥2 of more than by 50%;
as compared with the running median value. tpecification of f,I'2 from
the ionogram taken at 2130 LT for the day of ipril 25, 1¢79, still
keeping HEF2 as described by Chiu /1975/, changes considerably the re-
quired l(h) profile: curve 3 in Figure 3. in additional correction of
HEF2, using M(3000)¥2 from the ionogrzm, yields the L(h) profile of
curve 4. Thus Figure 3 illustrated how the use of only two parameters,
estimated directly from the routine ionograms, enables the IKI electron
density profile to be greatly improved, by more than by 6 times in the
values of He for the case considered.

In Figure 4 three li(h) profiles are given for npril 21, 1979, at
different solar zenith angles for quiet conditions (0915 LT) and at
the start of an ionospheric storm (1800 &nd 223%0 LT). 1.t the top of
Figure 4 the corresponding ionogrems are chown, two of these show the
E~layer o-ray echoes and zll three ionograms show both O and X traces
in the F-region (the x-ray trace at 0915 LT has been typically observed
only at freguencies appreciebly higher than foE).

tlectron density profiles obteained from the ionograms will be de~
noted by ¥ and are shown as full lines in Figure 4: the IRI profiles
are shown as dotted lines. 4n appreciable devietion of Iith)from IRI is
seen for the I-region. It is csused by the limitations of C-only ana-
lysis in the k-layer /%wright et al., 1975/. The (h\results for the P-
region are obtained by our procedure /Gulyaeva, 1979/ using complemen-—
tary IRI E-layer profile, at 2230, for the evaluation of the velley
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‘depth. The valley width %W from ioricgrams is about twice as great as
the distance HER from IRI, the ionogram valley depth and that of IRI
being much closer., 4 rather marked difference is observed at the
height of 1% where an intermediate region (& concave curve above the
valley) joins on to a guasi-parabolic F-layer subpeak section. This
is particularly evident in 0915 LT and will be illustrated further
in a number of other cases,

The five profiles in Figure 5 refer to those rare cases for april
when the E, F1 and F2 were all observed. They occurred in two of the
disturbed days - D5 and D4 - for the month considered, and at
low zenith angles (XHI § 6¢9). kote the close agreement of foE and
foF1 given by IRI with the values observed on the ionograms. The E-
layer ionogram and the IRI results are different, but the peak height
HkE is the same for both; it was taken over from IRI when computing
Nt)from ionograms. in appreciable difference was obtained for the
E-F valley width and valley depth; these values from ionograms zare
greater by a factor two or more than those of IRI. Yet the largest
discrepancies between the Nihjand IRI profiles were obtained in the
point of HZ (greater than 1c¢ km in height and more than 2 or 3 times
in electron densities). Consequently the Fl1-layer peak height of. IRI
is much greater than HEF1 from N{h)(light vertical lines in Figure 5).
-1t should be nobted that the ¥1-TF2 valley size, as obtained. from iono-
grams, is up to 50 km wide, elthough all the velleys for the region
are shallow, while no valley for the ¥1-T72 transition i1s specified
in IRI but rather a ledge of N(h) between the F1 and F2 layers.

Considering that the IRI and the iocnogram profiles have been ad-
justed at the two peaks for the E and 2 regions as above, the conclu-
sion drawn concerning the discrepancies hetween the two profiles at
the level of HZ and the pesk of the Tl layer is independent of the
method of ionogrem inversion. Indeed, if the K({h)analysis were carried
out ignoring the E-P and -2 valleays, the real heights of the base
of the F1 and I'2 layers, as obtained from jonograms, would decrease
by 20 to 50 km, and k2?2 would decrease by 1o to 15 km. This would
yield the values of IZ and HEF1 in IRI by 1o to 15 km lower but the
difference between the IRI and N(h)shown in Figure 5 would remain.

Bxamples of reasonable consistency of IRI and Wihprofiles in the
F-layer above the E-F valley are given in Figure 6. They were chosen
for the quiet day of 4pril 11, 1979 (G3K) tending to a moderate posi-
tive ionospheric disturbance, one case (07%0 LT) being for the maximum
increase of Af F2{by more than by 50%).The increased values of the
critical freguencies in 811 the cases considered resulted in an increa-
sed slope, dN/dh, in the intermediste region above the E-T valley, and
a rather flexible transition to the subpeak F2 layer section. The E-F
valley width of IRI is close to that of W, while the valley depth in
two of the four cases considered differs by more than 3o0% at o130,
and "by 25% at 1815LT,

Note that at 0130 and Z2ooo LT the T-layer was not observed in the
ionogram; only night-time F-layer echoes were registered. That is why
they were combined with the B-layer data from IRI for evaluating the
valley depth, these being-modified so that the value of foE in each
case wes close to thet in ionogram (dashes in the E-layer at the curves
0130 and 2000). The electron density distribution in the interlayer
regions and near the critical frequencies, where it is not observed by
the ionosonce, has been extrapolated either to the minimum valley fre-
quency fy calculated by the formulae kguations 3 to 5, or to the values
of foF2. Those extrapolated sections.are shown by the dahed curves in
Figures 4, 5 and 6.
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4, Discussion

The diurnal variation of the main parameters of the N(h) profile
for April, 1979 is shown in Figures 7 and 8. The full curves show the
monthly-average IRI results using median values of foF2 and M(3000)F2
from the monthly tables of ionospheric data. Also shown are the varia-
tions of the critical freguencies and the peak heights for the E, Ftl
and F2 layers, the plasma frequency fNHZ, and the height HZ of the
junction of the intermediate region above the valley with the subpeak
F2 (or Fi1) section, as well as the minimum valley frequency fNM and
the difference in height between the E- and F-regions, HBR. Individual
values of feF2 and hmF2. as chosen from the ionogram analysis, are
shown by an appropriate sign: quiet conditions - circles, negative
ionospheric disturbances - minus, and positive disturbances - plus.
The comparison made in the present paper refers to those individual
values of foF2 and hwPF2.

In Figure 9 we have plotted the results against solar genith angle;
these show the differences in height, AHZ (= IRI minus N{h)),and the
ratio, NH/NZ, of the values of electron density at the level of HZ
as obtained from ionograms relativé to those of IRI.

The height HZ given by IRI agrees best with that from the lonograms
at the morning and evening hours. The difference rises to 50 km at
noon for gquiet conditions (b), and moderate positive disturbances (c).
On the whole, the differences in HZ are minimal for these two cases.
However, during negative disturbances (a), departures of HZ of up to
50 km by night and over loo km by day occur with -the occurrence of the
F1 layer (sign L in Figure 9a).

From the changes in the IRI profile during the disturbances consi-
dered, including its distortion at the height of HZ, it would appear
to be reasonable to modify the IRI description so that its analytical
functions involve a dependence on an ionospheric disturbance parameter.
This could be, say, the deviation of the critical frequencies fppz from
the median values as predicted or as observed daily, or some other para-
meter. i

The difference in electron density between IRI and N(hhat the base
of the aubpeak P-layer section, is similar to that in height but oppo-
site in sign; the values of NZ given by IRI are less than the corres-
ponding values of N(h)(Figure 9, bottomg. With regard to the position
of the inflexion point in the F-layer, corresponding to the maximum
of the vertical electron density gradient /inufrieva et al, 1980/, a
shift of the junction between the intermediate region and the subse-
guent F-layer section towards the inflexion point at the F-region may
be recommended. The latter may be derived from the empirical data of
N(h). Usually the plasma frequency at the inflexion point remains less
than about 1 MHz below the critical frequency foF2. For a more flexible
fitting of W(h) in the intermediate region, the proper descriptive
function should ‘be replaced by a function giving a more pronounced con-
cave curvature such as the "positive" parabola %Gulyaeva, 1974/ or
Booker's proposed unique analytical function /1977/.

Figure 1o shows the ratio of HBR/W of the E-F valley width given by
IRI relative to that given by ionogram, and the difference in the per-
centage depth for the valley: NDEL = NDEL(IRI) - NDEL(NH). As a rule,
the valley width HBR of IRI is about half as much as’W of N(h)this is
true for all the cases considered (Figure 1o a, b, c, upper part).
Hence, without changing the complete electron density profile of IRI
at other heights, the increase of HBR by about 2 times can be recommen-
for the middle latitudes at high solar activity (R = 1oo0).

The good consistency (within 20%) of the E-F valley depth given by
IRI and Nth)analysis is illustrated in the lower part of Figure lo. By
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day the difference is slightly more; the valley depth from IRI is about
30% less than that obtained from ionograms. Since the valley width
given by ionograms is about twice as that given by IRI, thedifference
in the valley depth is quite explicable; the relation between the width
and depth as obtained from ionograms is discussed in detail elsewhere
/Gulyaeva, 1979/.

5, Conclusions

1. The feasibility of determining the interlayer valley depth for
the E-F and F1-F2 regions of the ionosphere is demonstrated by the
calculations of N(h) profiles from the experimental ionograms using
the reverse procedure /Gulyaeva, 1979/. The agreement obtained between
the minimum electron density for the valley region given by IRI and by
Nd data provides evidence confirming that the evaluation of this para-
meter from the vertical-incidence ionograms.should be continued.

2. The comparison made has shown that the E-T' valley thickness as
provided by IRI is about half as much as that given by ionogram ana-
lysis for the mid-latitude ionosphere at high solar activity.

3. The greatest disagreement between the N(h) profile given by IRI
and ionograms has been found at the level of transition from the inter-
mediate region above the valley to the subsequent F-layer section; this
is most pronounced by day and with the appearance of the F1 layer du-
ring an ionospheric storm.

4. The above differences indicate those aspects should IRI be deve-
loping as every viable system, They do not in the least belittle the
value of IRI which has manifested itself by its flexibility, the modu-~
lar system approach, the solar and geophysical conditions which are
taken into account, and the possibility of adapting the system to real
conditions of observation.
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1.2.2 Comparison of IRl with Measurements of N(h) Frofiles in

the Fottomside Ionosphere

V.M. Sinel'nikov, G.EF. L'vova, T.L. Gulyaeva1
5.V. Fakhomov, AT, Glotov®

1Insti‘cue of Terrestrial Magnetism, Ionosphere and Kadio
vave Propagation, USSK hcademy of Scienceg{IZMIRAN),
142092, Trottsk, loscow Fegion, USSR

20entra1 herological Observatory, Moscow, USSk

Abstract: The possibility of measuring the electron dencity profile
in the neight interval of 7o to 110 km with a two-frequency coherent
transmitter in a "small" geophysical rocket of type M-loo has been
investigated.

Fresented are the results of measurements made using the phase
Loppler method carried out on May, 1979 and February, 1980 at middle
latitudes. Good agreement of. the profiles measured for the L-and
Bcregions of the ionosphere with those of IRI hes not always been ob-
tained, even when the correct solar and geophysical conditions of the
experiments were given for calculations with IRI.

1, Introduction

Several experimental radiophysicel methods are available for the
study of the vertical distribution of electron density in the lower
ionosphere. The measurement of differences of Doppler frequency shifts,
and of Faraday rotation of the polarisation plane of coherent radio-

waves, with the use of vertical rockets, plays an important r8le among
those methods.

This technique was proposed first for rocket exploration of the
Larth's ionosphere /Seddon, 1953/. later, the method was used in satel-
lite experiments of various types /4l'pert, 1976/ and it provided us
with information on the topside ionosphere of the Farth, the Solar
corona, the Solar wind and the ionospheres of other planets . In parti-
cular, exploration of the karth's ionosphere by the coherent frequencies
method has been carried out using "large" geophysical rockets (of apo-
gee from 250 to 1500 km) /Gringauz et al., 1958, 1961, 1970; Birukov
et al., 1972/. However, the coherent 3-channel transmitter with frequen-
cies 24,48 and 144 Mz used in these experiments permits the determina-
tion of the electron density N(h) profiles only above about Too km.

4in attempt was made to measure the N(h) profile in the D-layer of
the ionosphere /Fedyashev and Tuchkov, 1972/ using the coherent emission
for appreciably lower frequencies: 3 and 21 MNdz. It failed, for the
values of N at heights of So to 8o km were considerably overestimated
(up to 1 to 1.5 orders as an average), and it gave no information on
the accuracy of the method or possible equipment errors.

The so called "inverse" radiobeacon experiment, with the ground-
based transmitter and the rocket-based receiver, hes been widely deve-
loped in recent years /Bennet, 1972; Jespersen, 1970; Kane, 1967;
Fechtly et al., 1967/. This technique allows the researcher to use
rather simple polarisation measurements, by comparison with phase
measurements, at frequencies of several Lilz and ground transmitters
with a power of several KW. However, such an experiment, using the
sophisticated receiving and telemetric equipment, seems to be cumber-
some and expensive. Hence it appears to beef 1ittle value for making
regular observations, or for adoption in the numerous rocket launches
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envisaged in the complex programs for a study of the lower ionosphere,

In the present paper the possibility of measuring the electron den-
sity profile in the height interval 7o to 110 km with a two-frequencies
transmitter in a "small" geophysical rocket of type M-loo has been in-
vestigated. Attention was given to the simplicity and efficiency of the
technigue developed.

2, bguipment
2,1 The Rocket Equipment

The two-frequencies coherent transmitter has the following para-
meters:
1st channel: 10.005 MHz, rediated power 2.0 W
2nd channel: 4o0.02 Mz, radiated power 0.5 W

4in original idea in the rocket-based equipment is that of using the
body of the rocket as the transmitting aerial. The leading pert and the
first stage of the rocket (whose lengths are 1.9 and 2.5 m respective~
1y) are separated by an insulating layer and are used as a short dipole
aerial; both channels of the transmitter are connected to the aerial by
separating filters. It has been found experimentally that the radiation
diagrams in the channels lo and 4o MHz differ little and there is no
sharp minimum except for the natural one along the axis of the rocket.
The latter prevents the placing of the reception station near the launch
position because, with the guasi-vertical rocket ascent, the relative
oTientation of the "transmitter-receiver" system is unfavourable.

2,2 Ground FEquipment

The ground receiver and recording equipment comprises the two-channel
receiver for the coherent freguencies, and analog 3-chennel recorder, and
the receiving aerials, i.e. crossed half-wave dipoles for each receiving
channel. The reception system is of high sensitivity (0.05 V with 5o Hz
bandwidth end signal 20 dE above noise) and is a 2-channel receiver with
double transformation of frequency and a phase lock loop system. One of
the important characteristics of the receiver is the phase stability for
large changes {(up to 4o dB) of the input signal level, The EMS error of
the messurement (due to phase instability of receiver) is about 0.9°:

3, The Flights Experiment

3,1 Rocket Flight

During the launches, & number of important facts concerning the
relation of the phase measurements to rocket flight ballistics were dis-
covered. In particular, the absence of any effect of rocket spin (up to
6 to 8 Hz) on measurements of the reduced phase differguce, as assumed
a priori, was confirmed by the experiment.

The variation of the amplitude of the recieved signals and the re-
duced phase difference during the rocket flight are shown in Figure 1.
Such pattern, repeated in the most of the launches, enables us to deter-
mine those parts of the rocket trajectory where the ballistics do not
influence the phase measurements. 1t was found there were no ballistic
limitations for the whole of the ascent part of the trajectory, and for
the descent down to 7o km.

3,2 Experimental Procedure

It is well known that direct measurements of the ilonospheric Doppler
shift for a moving emitter are difficult to make in practice since they
yield large errors; these are due first to the insufficlent stability of
the emitter frequency, and then to the difficulty of separating out the
"ionosphere contribution" to the measured frequency shift, since so-called
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"optical" Loppler effect is much greater than the effect of the iono-
sphere plasma. This is why the measurement of the difference of Doppler
frequency shifts of two (or more) coherent fregquencies is in common use.
The general theoretical formulae describing the dependence of the mea-
sured reduced phase difference on the ionospheric parameters and the
elements of the emitter's orbit are given by Al'pert /1960, 1976/.

The necessary equsations for the cese of a guasi-vertical emitter
orbit (rocket experiment) are given by Sinel'nikov et al., /1980/. The
mean value of the electron desnity, N4 2‘, in the height range of
Ah is: ’

1,2

o}
N1’2 / em™ 7 = ¢ COS y>1,2
1.8 « 10" ah, ,/cm «
1,2
where cos\y1 5 is the mean value of the ~ . zenith angle for the same
range. ’" Therefore, it is sufficient to determine experimentally

thezx¢‘va1ues for the consecutive time: intervals, as well as the infor-

mation on the rocket trajectory (h(t) and 3’(t)), required fot data pro-
cessing. .

The total error of N, as determined by the phase Doppler method for
frequencies of 1o and 4o Iz and for meximum plasma frequencies of 2 Niz
(corresponding to Kn~ 5104 cm=3) is less than 10%.

The sensitivity of the phase measurements at the frequencies chosen
is such that Ay = 20 for gassing through a plasma column of 1 km with a
mean density of N ~1o¢em~2. Thus, with our experiments it is possible
to measure electron densities as low as 30 to 50 cm—=3.

4, Some RLesults of the MN(h)-Frofile Determination

Below are given some results of electron density profile determination
using the phase Doppler method with the geophysical rockets M-loo and
I~1o0B. Feasurements were carried out near Volgograd in two series of three
rocket launches in May, 1979, and PFebruary, 1980. The following objec-
tives were kept in view:

- to obtain the experimental N(h)-profiles for the D-region and the
lower E-region at different solar zenith angles, so as to estimate the
effectiveness of the method;

- to measure two N(h)-profiles during every launch, thereby increasing
the reliability of the data and allowing the spatial and temporal varia-
bility of the lower ionosphere to be estimated;

~ to compare the measured N(h)-profiles with data from simultaneous
vertical incidence sounding of the ionosphere, and to study the feasibi-
lity of measuring the fine structure of the electron density vertical
distribution (such as Eg);

- to compare the experimental profiles with those of the model
calculation so as to find the most suitable model of N(h) distribution
in the lower ionosphere.

The main parameters of the launches are given in Table I :
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Rocket Launches

Table

I

launch
characte- Date of launch .
ristics 16.7.1979 18.V.1979 23.V.1979 27.I1.1980 29.II.1980 29.II.1580
1.Local time 0625 -~ 0515 - 0303 - 1200 =~ o740 - 1200 =
of measurement 0630 o520 0308 1205 o745 1205
2.50lar zenith 73 84 101 55 8o 80
angle/
3,Feak altitude 108,3 106,8 108,3 11,7 111,5 114,6
/ km
4,.Magnetic dis- 17 23 24 23 20 20
turbance, ZXp
5.50lar activi- 239 183 139 238 226 226
ty index, K
6.Accompanying iono- iono- iono~- ionosonde, ionosonde, ionosonde,
measurements sonde sonde sonde Langmuir Langmuir Langmuir
probe probe probe

e
It should be noted that the launches were conducted at different
local times in order to observe the dynamics of the ionisation profile
in the I-layer and to estimate the effectiveness of the method. Farts
of the amplitude-phase analog records for two of the rocket launches
are shown in Figure 1.

The following features are specific to the initial information:

- the almost constant signal amplitude, which confirms the good sta-
bilisation of the rocket during the measurements;

- the continuity of the amplitude-phase infromation during the whole
period of measurements;

- the complete symmetry of the phase variation in the ascent and
descent parts of the rocket trajectory, which confirms the coincidence
of the measured profiles of ionisation;

- since the plasma density turning point "turn" occurs exactly at
the peak of the emitter's trajectory, the effect of the ionospheric
instability can be neglected, because an appreciable instability would
result in a shift of the time of the phase turning point relative to
the apogee of the rocket trajectory;

- the electron concentration is proportional to the total phase
difference (number of 3600 cycles) during flight. For example, the
electron density for the launch of 18 May, 1979 is 6 to 1o times grea-
ter than for 23 May, 1979 as illustrated in Figure 1.

The electron density profiles for the data obtained in 5 of the 6
experiments listed in Table 1 are shown in Figures 2 and 3. Near the
apogee of the rocket trajectory, the N(h)-profiles are terminated at
altitudes where the vertical and horizontal components of the rocket
velocity become equal to one another and where the trajectory is no
longer almost vertical. Good coincidence of the profiles obtained du-
ring the ascent and descent parts of the trajectory in the same launch
should be noted (even in details; for example, on 18 May, 1979).

The construction of the profiles in considerable detail was possible

due to the height spacing at intervals of h = 1 km for the first three
launches (1979), and the time spacing of t = 1 s for the latter three
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launches (1980). In addition, & more detailed picture near the peak of
the trajectory could be achieved by decreasing the height interval to
1oo or 200 m. This is useful in those cases when fine structure in the
N(h) profile is observed, such as for the Eg-layer. The Eg-layer was
observed in the experiment on 16 May, 1979 and was first noticeble at
an altitude of 102.5 km; the most pronounced layer was registered be- i
tween 104.5 and 106 km. It should be noted that at the nearest vertical * -
incidence sounding station the ¥g-layer was recorded at 106 km (see
Figure 2).

We have compared the observed rocket N(h)-profiles with the data
from vertical incidence soundings. Unfortunately, the ionosonde data
at the station placed near the point of launch' proved to be of no use
owing to the poor quality of the ionograms near the base of the E-layer,
This is why we compared our results with vertical incidence data from
Rostov-on~Lon (about 500 km from the rocket launching station) for the
same solar gzenith angles., The results of the comparison are given in~
Figures 2 and 3., A comparison of the rocket profiles with data from
vertical soundings shows differences due to the following facts:

-~ the minimum Elasma frequency measured by the ionosonde is about
1 MHz (N~ 1.% .lodem=3);

- the accuracy of the profile in the height interval 95 to 105 km
from the lonosonde data appears to be 2 to 5 km, depending on the iono-
gram quality and the method of inversion of the virtual heights to give
the real heights of reflection. :

Therefore, another source of information about the W(h) distribution
in the D-layer was used, namely, the model calculation. We have chosen
the well-known model IRI-78 /Rawer et al., 1978/. The initial data in-
troduced into the model were those of the coordinates of station, date,
solar zenith angle or local. time /Barclay, 1963/, and a parameter for
solar activity.

The model N(h)-profiles are shown in Figures 2 and % with a dotted
line. Rather good agreement is obtained between the Trocket data and the
model in & number of cases; for instance, IRI-78 describes properly the
main regularities of electron density distribution in the D-layer. The
base of the E-layer at middle latitudes is not always described by para-
bolic approximation.

5, Conclusion

The phase Doppler method of measuring the N(h)-profile in the D-
and E-layers of the ionosphere has been developed using geophysical
rockets PM-1o0 and FM-1ooR. '

The experiments carried out have demonstrated the usefulness of the
information and the quality of the height data obtained.

The agreement of the rocket electron density profiles with those
from IRT enables us to recommend that the E-layer profile of IRI be
used for the correction of the E~ and P-region N(h)-profiles calculated
from the vertical incidence ionograms.
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1.2.3 Comparison of IKI with Electron Desnity Irofiles Obtained

below 200 km by Lifferent Fethods

‘u.t. Chasovitin ', h.D.Danilov |, S.¥. Demykin 2,

T.L. Gulyaeva 3, V.1. Ivanov 2, V.G. Khriuvkin 1,

i.h. Wikitin 2, L.L. Sukhacheva 2, V.. Shushkova ',

.. Tikhomirov 2.

1b‘tate Committee on Hydrometeorology, koscow, USSEK;

Zkhysical Lepartment, Leningrad State University, Leningrad;
USSK;

3Izmiran, Troitsk, Moscow Region, USSRK.

Abstract: Ilectron concentration profiles given by IRI are compared
with the results of direct measurements by different methods.

In the range 100 to 200 km a set of direct measurements made on board
MR-12 geophysical rockets is used for comparison with IRI. 2o flights
mede during various geophysical conditions at mid-latitudes (Volgograd)
are considered as well as mid-latitude rocket and incoherent scatter
measurements available in the literature, Fmpirical electron concen-
tration models are also compared with IRI. it heights below loo km mea-
surements made by the partial reflection method from 1972 to 1976 in
Leningrad, as well as phase and amplitude measurements of VLF over both
short and long paths are used for comparison.

OQutside the midlatitude region, the IRI-profiles are compared with
the results of rocket measurements at low and high latitudes. The vali-
dity of IRI for various conditions is finally discussed.

1, Introduction

In this paper: IRI is tested by comparing it with various experimen-
tal data in the difficult modelling altitude interval of 60 to 200 km.
Since we know that the reliability of the experimental data differs for
the height range 1oo to 200 km and for the L-region, we consider these
two altitude intervals separately.

For heights from 200 km, the basic experimental data stem from rocket
and incoherent scatter measurements, and from empirical models based on
such measurements. Vertical sounding data below 200 km are considered
separately in paper 1.2.1.

In the D-region, data from partial reflection and cross-modulation
measurements were used as well as VLF and LF propagation data. IRI is
not supposed to describe disturbed conditions, so only measurements for
quiet days were used. At heights above 90 km a few tests could be made
with different latitudes, but for the D-region only midlatitude data
were at hand.hll model profiles were computed by the special algorithm
after Chiu /1975/, not with the CCIR-tape.

2, Fid-latitude Profiles above 90 km

About 4o profiles were used (see review papers by Chasovitin and
Shushkova /1978/ and by Koriakona and Shushkova /1979/), obtained by
probe technique in rocket flights, half of them at Volgograd by Chaso-
Yitin and collaborators /4indreeva et al,, 1971; Klyueva et al., 1977/.
Other profiles are from other launching stations (wallops, Eglin, Kago-
shima) or were obtained by the incoherent scatter method at Millstone
Hill and Malvern,
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Fig. 1 Rocket electron density profiles for midlatitudes (1,2,4 - Volgograd, 3 - Kagoshima,
) 5 - Wallops Is.) and corresponding IRL-profiles (1' - 5'). Sources: Andreeva et al.,
1971; Klyueva et al., 1977; Oya and Obayashi, 1968; Bourdeau et al., 1966.

"’Fig. 2 Rocket density profiles for midlatitudes (1,2 - Wallops Is. {9,101, 3 - Volgograd [11]
and corresponding IRI-profiles (1' - 3'). Sources: Smith, 1970, 1977; Chasovitin
et al., 1974.

F:Lg 3 Relative deviations & of the experimental density values from the model ones at fixed
altitudes, at the valley minimum, and at the E-region peak for various intervals of ¥
and different stations (I - Volgograd; II - Wallops Is.; III - Kagoshima, Eglin; IV -
Millstone Hill, Malvern; V - average values; 1 - winter, 2 - summer).

Fig. 4 Relative deviations of the experimental height values for valley, peak and bottom (the

height where Ng= 5:103 cm=3 at the bottom of the E-layer from the model values for
various intervals of Y and for the stations denoted as in Fig. 3.

Fig. 5 Midlatitude profiles for winter (noon and midnight), different models: I, II — IRI
. January, R = 100, ¥ = 40%) for A = 50° and A = 280° respectively; III - Koriakina and
Shushkova, 1979; IV - Chasovitin et al., 1979a,b; Zelenova et al., 1976a,b.
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Solar zenith angle dependence in summer of mid-
latitude model density - top of diagram - at

fixed altitudes, E-peak (1) and valley (2). Below:
same for altitude of peak (2) and valley (2) - .
bottom of diagram. I, II - IRI, July, R = 100, ¥ =
400; X = 50° and 280° respectively; III, IV: same
sources as in Figure 5.
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Latitudinal variation of peak (1) and valley (2) density
(see text) for equinox noon (white plots) and midnight
(black plots) along geomagnetic meridian zero; from dif-

ferent models (I ... IV) and experimental: I - IRI (Sep-
tember, R = 100); II ~ Kadukhin et al., 1978; III ~ Chaso-
vitin et al., 1978; Koriakina et al., 1979; IV - Andriyako
et al., 1978; V -~ Experimental data for high latitude
(Churchill) [Chasovitin and Shushkova, 1980]; VI - Experi-
mental data for low latitude [Kriukin and Chasovitin, 1976].
(white squares and triangles - noon; black ones - midnight).
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Day (X<75°): Some typical examples are presented in Figure 1. It is
“segn that there is generally good agreement Dbetween the model and
experiments both in the absolute values and in the shape of the ver-
tical profile, ‘

Twilight and night (X>75°): For twilight snd night conditions the
agreement beftween the model and the experiments is less good. A& dis-
crepancy appears both in the absolute values and in the profile shape.
Typical examples are given in Figure 2. As appears from this latter,

in twilight (X% 75 to 115°) IRI near the F-layer maximum systematically
gives higher wvalues than those observed experimentally. COne should also
pay &attention to the fact that the experimental profiles show a second
maximum at 120 to 140 km which is absent on the model curves,

hn analysis for various X -intervals is given in Figures 3 and 4. In
these, for various altitudes, the variation with X of the relative error
- § is given (index M means model):

5 Ne - Nek (g no- hy

e ’ h -
Nem oy

e

Figure 3 illustrates the above mentioned fact that IRI is good in des=-
cribing the daytime conditions at 9o toZoo, km, with an average error of
about 2o0%. In twilight (X'= 75 to 115°), £ comes to about minus 33%,
and deep in the night (X >115%) it rises t8 200 to 400% such that the
experimental values are several times higher than those of the model,

3, Midlatitudes, Empirical lodels

There exist a few empirical models of electron concentration below
. 200 km, based on the analysis of a great number of such measurements ,
/see, apart from the above cited review papers, Zelenova et al., 1976a,b/.

T'igure 5 shows typical daytime (12.00 IT) profiles according to IRI
and the -empirical models, and confirms the conclusions already drawn
above, In the daytime there is reasonable agreement between IRI and the
empirical models, but during the.nightime there are essential discre-
pancies. Cne of them is (s in Figure 2) the absence of the second maxi-
mum which, &fter Chasovitin et al. has been observed regularly above the
E-layer, though with variable heights of "valley" and peak., We feel that
this is an essential feature of the nighttime ionosphere which should be
taken account of when improving IRI in the future.

Diurnal variations at several altitudes are shown in Figure 6, which
shows the discrepancy between IKI and the empirical models at 200 km du~
ring the daytime. %We believe that this discrepancy is due to some draw-
back of the Chiu program. at lower altitudes the influence of this un-
certainty is small and does not affect the IRI profiles. The same might
be true for the differences between eastern and western nemispheres, also
appearing on Figure 6,

4, Uigh and Low Latitudes

FPigure 7 shows the IRI model and experimental data for verious geo-
magnetic latitudes €. The electron concentration at the E-layer maximum
and in the valley between the E- and P-layers was chosen for comparison.
One can see from Figure 7 that, during daytime, there is reasonable
agreement between IRI, and the experimental data and models up to lati-
tudes of about 6o to 65°, but for higher latitudes an essential dif-
ference appears. Similar analysis for other altitudes confirms this con-
clusion for the whole interval 9o to 200 km.

During night, the agreement with experimental data and models is poor
for all latitudes. An especially great difference is observed for the .
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Fig. 8 Rocket profiles for low and high latitudes (1,4,5 - low latitudes; 2,3,6 -
Heiss Is.) and corresponding IRI - profiles (1' - 6'). Sources: Kriukin
et al., 1976; Chasovitin and Shushkova, 1980; Chasovitin et al., 1976;
Klyueva et al., 1973.
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Fig. 9 Experimental and IRI electron density profiles in the D-region
for different conditions: 1 and 2: CM method averaged ‘over 11
days (Sept. - Oct., 1972, LT 09 ... 10 and 10 ... 11 respective-
ly; 3: PR method, 12 Nov., 1975, 11 LT; 4: PR method, 24 May
1973, 14 LT; [3 and 4 obtained after averaging over 10 min].
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Fig. 10 Experimental and IRI electron density
profiles in the D-region for different
conditions: I. PR method, June 1973,
11 ... 12 LT. The numbers near the
curves give the dates. II. PR method,
May 24, 1973. The numbers near the

curves give local time. Averaged over
10 min.
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Fig. 11 Comparison of IRI with daytime summer VLF models
for solar maximum (I) and minimum (II):

1. noon, ¥ = 40° to 50° [Nertney, 1953];

2 and 7. noon, ¥ = 45° [Azarnin and Orlov, 1976];

3. noon, ¥ = 50° [Bain and Harrison, 1972];

4, ¢ = 26°, ¥=30° [Bjontegaard, 1974];

5 and 8. noon, ¥ = 50° [Krasnushkin and Knyazewa, -
1970]1; )

6. noon, ¥ = 50° to 80° [Rinnert, 1973].
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region of the auroral oval; this is quite natural because in this re-
‘gion auroral electrons provide an additional source of ionization.

iligh and low latitudes are considered in Figure 8, with me&surements
of Chasovitin and Shushkovs /1976, 1980/, Klyueva et al., /1973/ and
Khriukin and Chasovitin /1976/.

7o summarize out findings for the height interval 9o to 200 km ,
may be put as follows: for daytime gquiet conditions, IRI describes the
vertical distribution of electron concentration wel} enough for all
latitudes. up to geomagnetic latitudes of 6o%or 65°. Iuring the night
there is an essential disagreement with the majority of the experimen=-
tal data, even for middle latitudes; at higher latitudes ( ¢ > 559) 1K1
cen not be used at all for nighttime conditions.

5, D-Region (50 to 9o km)

Reliable measurements of the electron concentration below Qo km cre
still difficult to obtain. islso the profiles in the D-region &re very
variable. L1l this makes the comparison of IRI with experimental data
in this height range rather difficult. e compare here with measurements
obtained by Cross-i:odulation (Ci.) and by Tartial Leflection (1) tech~
niques, and VLF and 1P propagation data.

We must confess that, while recognizing that IRI is supposed to give
profiles only down to 65 km in the daytime and down to 8o km during the
night, we deliberately changed the program so S to extend the profiles
down to 40 to 50 km just to see if such an extrapolation would give
reasonable results.

5,1 CM_and PR_Measurements

These methods have been recognized to yield the most relizble re-
sults of all ground-based D-region meacurements /Raver et al., 1974/,
Yie have observations by PR in Leningrad andCl in koscow, for several
periods during 1972 te 1976. ibout 5o averaged profiles for different
periods were analysed.

Typical examples are shown in Figure 9. It .is seen that the model
values are close to, or coincide with, the experimental ones at 8o to
90 km and around 65 km. Lut otherwise the profiles are rather different;
in particular, at 65 to 8o km the model snd the experimental data mey
differ by a factor of 3 to 5. Eelow 65 km, extrapolated model profiles
give much lower values than that given by CF and YR measuremenis.

in important feature of the L-region electron concentration beha-
vior is its strong variability. Figure lo shows IKI profiles and the
experimental datz obtained by Fh-method &t different hours of the same
day (Fay 24, 1973) and at the same hour (lo to 11 LT) during six con=-
secutive days. It is evident from Figure lo that the experimentzl data
show remarcable variations of electron concentration at each altitude,
which can not be represented by a model. Below 65 km, the reliability
of the FPii-method is less good, one should not pay too much attention
to this range. '

The strong varisbility in the D-region during similar geophysical
conditions apparently shows that U-region behaviour is controlled not
only by the usual geophysical factors {solar and geomagnetic activity,
solar zenith angle etc.) but also by meteorological factors, connected
wvith thermo-dynamical regime of the stratosphere and mesosphere, at-
mospheric circulation and so on. Some indication of such a control has
been found, first in connection with the winter anomaly, by many au=-
thors /see, for example Offermann, 1979; Labitzke et al., 1979; Lanilov
and Ledomskaya, 1979/. The abovementioned variability of the electron
density profiles below 9o km privides additional evidence that such a
control exists. If so, in order to give an adequate description of the
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Fig. 12 Comparison of IRI with nighttime (I) and winter day (II) VLF models.

Night:

1 - Nertney, 1953; 2 - Krasnushkin et al., 1970; 3 - Rinnert,

1973; 4 - Thomas and Harrison, 1970: night ( x 105°): 5-- Bjontegaard,

1974: sunset ( x = 101°).

Winter day (upper IRI curve: R = 20, lower:

R = 150): 6,7 - noon [Azarnin and Orlov, 1978], solar-minimum (6) and

maximum (7); 8 - (RA¥ 15, x = 80°) Singer, 1976; 9 - (noon) Krasnushkin
et al., 1970,

o o
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Fig. 13 14.9 kHz short-path observations of the abnormal, component

phase A¢} as compared with IRL computations: 1 - observatioms,

May 1974, after midnight; 2 - same, afternoon; 3 ~ observations,
December 1973, after midnight; 4 - same, afternoon; 5 - IRI,
May 1974; 6 ~ IRI, December 1973.
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electron concentration profiles for any given set of conditions, &all
models, and first of all IRI, should include as input parameters not
only the ahovementioned geophysical factors, but also some parameter
(or parameters) characterizing the meteorclogical situation in the
stratosphere/mesosphere region., The gquestion of what this parameter
should be and how it might be determined is beyond the scope of this
raper end reguires serious investigation.

either the experimental data on VLY and LY propagation, nor the
electron concentration profiles obtained by interpreting these data,
hzve been included in the basic date used in constructing IRI /see Rawer
(ed.), 1574/. In spite of come defects in Ii-region models baged on low
freguency radiowave propagetion (VLF-medels), it is worth comparing them
with Iki, becauce now it is widely accepted th:t VIM and, partly, L¥
propagation parameters in the harth-ionosphere wave guide are very sen-
sitive tc ionospheric conditions below 75 km .in daytime and 90 to 92
km in nighttime /Sechrist, 1574; Azarnin and Crlov, 1978/. It is also
interesting to compare VLX propagation parameters, computed with the
help of IEI, with the real VIJ' data, especielly with those not used
earlier while constructing empirical models /iertncy, 1953%; Thomas and
larrison, 1970; Krasnushkin and Enyazeva, 1970; PBain and Harrison, 1972;
Ljonteguard, 1974; linnert, 1973; Singer, 1976/.

For comparison with IRI, we have chosen the probably most reliable

VI¥-models, those for noon and midnight conditions, shown in Figures

11 and 12, Tor summer noon there is satisfactory absolute agreement
. between the IKI and VLY models above 60 to 65 km. Considering the shape

. of the profiles, it is worth mentioning that ViF-models give three well
pronounced regions, which might be connected with three different sources
of ionization. IRI obviously can not show the C-layer below 65 lm which,
according to VIF models does exist; it is amore pronounced during solar
minimum than during solar maximum., For winter the systemstical differ-
erice between IEI and VLT models at noon is typical with IKI values 3

to lo times higher than those obtained by fitting the VIF-data.

For nighttime conditions, all models show a large vertical gradient
in the lower part of the profiles; hence it is more reasonable to com-
pare the zltitudes where this gradient appears rather than values at
fixed levels, 211 the VIF-models give close values for the characteris-
tic altitudes, namely about 8o to 85 km. ( Hinnert /1973/ gives lower
vazlues for the gradient and increased valués of density below 8o km,
probatly because the majority of the paths considered were located at
very high latitude). -

One can-see from Figure 12 that the IRI profile is situated a little
below the VLF profiles. Thomzs and Harrison /1970/ locate one typical
"step" at €2 to 88 km, which is partly reproduced by IRI.

vome resulte of short path /Kashpar et al., 1978 (p.193), 1979/
and long path  /Liemykin et al., 1974; ¥ashpar et al., 1978 (p.189)/ VLF
observations vere taken for sample comparison with IRI. Numerical me-
thods for the computation of VLF propagation pazrameters and fields from
a given model electron density distribution had. been elzborated snd
programmed by one of the authors /Galyuk and Ivanov, 1978/.

It is necessary to emphasize once again that all VLF computations
could only be performed for the "extended" ILRI model, in which, at heights
below 65 km by day and 8o km at night, the electron densities were cal-
culated by the same formulae as for greater heights.

Kidlatitude VLF short-path phase measurements of the abnormal com-
ponent Hy relative to ground wave /Kashpar et al., 1979/ are compared
in Pipgure 13 with IRI model calculations. Loon values of the phase AQ,
and the corresponding virtual reflection heights h, computed from IRI
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Fig. 14 Propagation path geometry for the OMEGA station
13.6 kHz from 18 to 22 June 1976.

df‘solar zenith angle was less than 98° at that time.
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are standard OMEGA station indicators.
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Comparison of long path VLF observations at 13.6 kHz (solid lines) with IRI model

calculations (circles, crosses and triangles) for June 1976.

s A, B and H monitored in Leningrad at
To the north of the dashed line, the maximum value

Letters near the curves

The observed and computed noon phase values
for station A were fitted together to form a common phase reference for all the

other observations and computations.
observed values at 1200 UT for station B and at 1500 for station H.

The computed amplitudes were fitted to the




are close to their respective experimental values, both for May and
for December. At night the computed heights hy are about 2 km lower
than observed, the rms day-to-day variation being about 1 km. The
general features of the predicted and observed diurnsl variation pat-
ferns seem to be similar. However, the IRI apparently fails to re-
produce the well-known asymmetry of the diurnal variation which is
evident from Figure 13 (for x >75°),

Comparison of the observed and calculated amplitudes of the ab-
normal component H; shows that daytime experimental amplitudes at
14.9 kHz are 1.5 to 2 times higher than the computed values. The ob-
served amplitudes at night are either lower than, or are close to,
the calculated values. B

Figure 14 shows long-path geometry for three VLF OMEGA naviga-
tional aid stations monitored in Leningrad at 1%.6 kHz during the sum-
mer solstice 1976. The latitude at which the midnight solar zenith
angle is equal to 98° during this period is shown by the dashed line.
It can be seen from Figure 14 that the lower ionosphere above the path
for station A (OMLEGA Norway) is illuminated all the time, while more
than half of the path from station H (Tsushima) to Leningrad is sun-
1it at any moment. Only the path from Tiberia (station B% to Lenin-
grad undergoes day-to-night illumination changes. The different lati-
tudes of these paths meke it possible to check IERI not only for mode-
rate but also for sub-auroral latitudes.

Thase measurements relative to a locel stable reference were carried
out in Leningrad; it was found that the observed .phase of station A
stayed practically unchanged over the whole 24-hour period. Por this
reason the noon phase of the signal of station A in Leningrad was ta-
ken as a reference in further calculations. In addition to phase mea-
surements, observations of relative signal amplitudes of stations B
and H were carried out.

4 comparison of the IRI model calculation with experimental results
for the period 18 to 22 June 1976 is presented in Figure 15. For the
mid-latitude Liberia-Teningrad path, the model reproduces gquite well
both the absolute VIF phase value and its diurnal variation. For geo-
megnetic latitudes near 50° N (the Tsushima to Teningrad path) the
model systematically gives the effective height of the ionosphere (a-
bout 4 to 6 km) higher than observed. Moreover, it is worth noting
that IRI predicts on appreciable diurnal phase variation for the Nor-
way to Leningrad path which is not actually seen. Apparently these
discrepancies between IRI and VLF observations for the Tsushima to
Leningrad and the Norway to Leningrad paths are caused in part by a
1atitudinal variation not inecluded in the IRI, and they may also be
explained by the_ failure of IRI to describe the twilight conditions
prevailing over these two propagation paths. :

The latter assumption seems to be supported by the amplitude
observations (see Pigure 15). Indeed, although the size of the obser-
ved diurnal variation of the amplitudes considered is close to its
calculated value, on the other hand the model calculations give ampli-
tudes which depart appreciably from the experimental values for large
solar zenith angles. Thus, it seems likely that IRI fails to describe
the lower D-region electron density variations during the twilight
hours. ‘ R

6, Conclusions
The present comparison of IRI with various sets of experimental

data leads to the following conclusions about the validity of IRI.in
various geophysical conditions.
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1, During daytime (X<759) at 90 to 200 km, IKI agrees satisfacto-
rily both with the resluts of individual rocket measurements and with
corresponding empirical models.

2. In twilight and during nighttime, the shape of the model profi-
les differs from the observations because it does not show a second
maximum during the night.

%, Comparison with Cl and FR date shows large differences between
65 and 8c km in daytime. Values given can be 3 to 5 times greater then
the observed electron concentrations,.

4. Wodels deduced from VIF and L¥ data for winter daytime conditions
lead to the szme conclusion: above 65 km, IRI gives greater valuee of
electron density than those found from radiowave porpagation data. ut
for summer daytime conditions, the agreement between IkI and VILEF models
seems to be quite satisfactory.

5. Measurements by CM and PR methods, and also VLF data, show that
the extrapolation of IRI down below 65 km leads to values of the elec~
tron concentration which are too low; this contradicts both groups of
exoerimental data. According to the VLT data, the daytime model should
show a C-layer with concentrations of the order of 108m=5 at 55 to 60 km.

£

6. Comparison with the VLF models for nighttime conditions shows that
IKI correctly represents the high gradient region above 80 kme. The alti=-
tude of this region according to IRI is, however, 2 to 3 km lower than
that given by the VLF data.

7. Direct comparison of the IRI field calculations with the observed
VLF fields show thet there is reasonable agreement for midlatitude noon -
and nighttime conditions. However, appreciable discrepancies may be found
for the twilight period and, presumably, for latitudes greater than 50°.
Evidently the VLF data must be considered when constructing electron
density distribution models below 90 km, and especially below To km.

Tiscussion remarks:

The additional maximum between the I~ and F-regions should be consi-
dered as to be & dynamic phenomena which must hot be included into a
global model like IKI (K. Serafimov). is for the regular valley above
the E-peak its depth is found to be different over both sides of the
ftlantic (K. Bibl). The Chiu-model for the electron density peak is
quite obviously oversimplified. Replacement by the CCIR-model might have
given different results at altitudes near 200 km (K. Rawer).
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1.2.4 Comparison of IRI-78 with IZMIRAN's Fquinoctial ¥odels

?,L. Gulyaeva, A.G. Israetel, T.Yu. Leshchinskays,
7,N. Soboleva, E.E. Tzedilina

Instituteof Terrestrial Nagnetism, Ionosphere and
kadio Wave Propagation, Troitsk, Moscow Region,
142092 USSR

In 1972/7% IZNIRAN established global analytical models of electron
density and electron collision frequency in the ionosphere with the
aim of investigating long range short wave propagation by means of adi-
abatic and ray-tracing methods /Gurevich et al., 1972/. The models
were constructed for egquinoctial conditions of minimum solar acitvity.
The coefficients of EM (eguinoctial model) for electron demnsity were
determined on the basis of the model profiles for the latitudes 09,
%09, 50° and 700 for midnight and noon; also determined wes the diurnal
variation at the latitudes from 50° to 55 /Soboleva, 1972a; 1972%/ .
The latitudinal dependence of the EM coefficients was revised in 1974
/Tushentsova et al., 1975/ on the basis of new model profiles /Sobole-
va, 197%/. The profiles are described by functions which .are continu-~
ous everywhere, including the first derivative. With these models pro-
plems like long-range short wave propagation, and round-the-world echo
signals in particular, were investigated /Gurevich, Tzedilina, 1979/,
4t the present time the models are utilized for investigations of ob-
ligue incidence ionogram structure for long and round-the-world paths
/Tzedilina, 1980/.

The development of the common international ionospheric model /Rawer
et al., 19782/ is rather important both for ionospheric physics studies
and for investigations of radio wave propagation. Until now we have
not yet combined the computer programs of 1IRI-78 with our computer pro-
grams for calculating radio wave propagation parameters over long range
paths using the adiabatic approach. ke therefore can not say whether
we can utilize the IRI-78 as one component of our rather complicated
computer programs. Put we have made a first step by comparing IRI-T78
with our models which had been widely tested in different investigations
and ‘had gained recognition as a reliable average description of the iono-
sphere.

Since the height profile W(h) in IKI admits introduction of WMF2
and HFF2 from any source, these parameters taken from our analytical
equinoctial model for low solar activity /Gurevich et al., 1972; Sobo-
leva 1972 b/, thet for minimum solar activity (sunspot number & = 103
/Soboleva,1972 b, Soboleva, 1973/ and for high solar activity (R = 110)
/Xadukhin snd Soboleva, 1972/ were put into IRI-T78.

Next, the peak values of electron density (NME) and height (HKE)
of the E-layer, and also the minimum density in the valley (Ny) and
the corresponding height (hy) were compared for the same values of
NNF? and HNMF2. The results of the comparison are shown in Figures 1
to 3.

FPigure la (on top) shows ¥y = NME1/NMEp viz. the ratio of E-peak
density from our analytical models to the corresponding IRI-T78 deagity
for day and night and at different latitudes. By day the difference-
in NME is only 1o to 3o0%. At night, however, the ratio is as high as
2 to 3 at middle and low latitudes and even 16 in the auroral oval.
it the bottom, in Figure 1b, the corresponding variation of the ratio
of minimum desnities in the valley is shown for different latitudes.
Near noon the differences at all latitudes do not exceed Zo to B0,
vut for dawn and dusk and, in particular, at night the differences are
greater. 4t middle and low latitudes the ratio can be 2 and, in the
suroral oval, near midnight, as high as 7To.
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In Figure 2 the difference between characteristic heights in the
models can be seen. For the F-peak the height difference ZMNE is slight:
1 to 3 km at the middle latitudes; at low latitudes it is 4 to 6 km.
It should be noted that in the model profiles of Soboleva the values
of INI are greatest during the dawn/dusk hours (see the upper most
curve). s for the valley the height difference AZy is small at noon,
but during dawn/dusk, for all latitudes goes up to 20 to 30 km.

The differences of valley width W &zt different latitudes at noon -~
and midnight, and for & whole day at latitude 500, is shown in Figure
3. It is small at middle and low latitudes in the day-time (about 2
to 1o km and 20 km for low and high soler activity respectively). It
is much greater at high latitudes at night (about 6o to 8o km).

summariging we may state thet IKI-T78 and the IZKIRAN models agree
well by day for all latitudes and for different solar activity. Grea-
ter discrepancies occur, however, at night with factors going up to
2 to 4 in density and up to 30 km for the height of the minimum. it
high latitude, in the auroral oval, very large differences were found.

The differences in H(h) profile parameters for the night F-region
and valley are due firstly to the lack of complete experimental data
at different latitudes, and secondly to the fact that the night-time
experimental profiles are rather "ridged" and nave ledges or peaks in
the valley region. Therefore, the mean profiles depend significantly
on the technique adopted in the averaging process. Besides, in our
rodel we have given special considerations to the concentration in
the auroral region, which does not seem to be have been done in IRI-78.

Iiiscussion remarks:

The author confirmed that datahad been available referring to the
valley in the southern hemisphere as well as at high latitudes.

X. Rawer pointed out the IKI valley model is based on incoherent
scatter data from mid-latitudes mzinly. The difference betwee IRI
and the IZFIRAK model is particularly lurge at high latitudes by
night. It should be kept in mind that in IRI mo effort wes underta-
ken until now to cope with the special conditions in the auroral oval.
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1.2.5 Dottomside Electron Tensity Irofile Feasurements by

kocket Eorne I'robes over the Eguator

oo™

5., Gupta

Physical Hesearch ILaboratory Navrangpura,
shmedabad 380009 India

The purpose of this paper is:

a) to present the experimental data obtained from rocket-borne
probes over a low-latitude station at Thumba (India), dip = 0.69S;
and

b) to compare these results with the International Keference lono-
sphere. The rocket flights were carried out between 1967 and 1978,
The D.C. probe technique was used and, since identical sensors and
payloads were used in all our flights, we have used a fixed calibra-
tion factor to convert L.C. probe current into ambient electron den-
sity. This calibration factor was correct to within 1o% in altitude
region 9o to 180 km, but in the D-region from 60 to 90 km the uncer-
tainty is greater.

Comparigon of the profiles in Figures 1 and 2 shows the changes
that occurred near sunrise following a 10° decrease in the solarzenith
angle. The profile in Figure .3 is very close to a noon profile of Gup~-
ta and Trakash /1979/. The density of the layer near .74 km is 1o times
that in the profile 'in Pigure 2. Figure 4 shows the noon profile, and
the base of the I-layer is less structured then in the afternoon pro-
file (Figure 5). In the evening profile (Figure 6), layers above 140
km can be seen. islthough Figures 2 and 6 refer to the same zenith angle,
the profiles are very different. The midnight profile in Figure 7 shows
a very much layered structure.

These resluts will be published elsewhere: Gupta /1980/; see also
Rees et al., /1976/.

Comparison with International heference Ionosphere

It is suggested that some of the assumptions made in the IRI by
Rawer et al, /1978a/ are not realistic and are not in accord with ex-
rerimental results. For example:

1. The evening and night time profiles are the same in IKI but,
according to our results, they are very much different.

2. The night profile is assumed to be smooth from 90 to 130 km,
but it is generally very much structured.

3. At sunrise and at sunset layers are observed in the FE-region.

4. 'Holes' have been observed in the F-region over the equator near
250 km, at night. The electron and ion density varies by a factor of
Tooo within these ‘holes' over a distance of 50 to loo km. The holes
are observed mainly in O% ions. It will be essential to include these
new results in IRI. Within a year, FP-region measurements from the In-
dian rocket ranges will be available.

Suggestions

It is suggested that the IRI in future should include real measured
profiles for low latitudes for noon znd midnight, and perhaps also for
evening and morning. It is probably not possible to include such pro=-
files of other parameters but at least the electron density profiles
in IRT must be realistic,

Acknowledgements: This work was supported by the Department of Space,
Govt. of India. The author is thankful to Alexander von Humboldt Foun-
dation, West Germany and to Prof. X. Rawer.
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Fig. 2 FElectron density/height profile (left) obtained by a rocket launched
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indicated at the right.

Fig. 3 Electron density/height profile obtained by a rocket launched after

sunrise ( X

= 70°).
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Section 1.3 Topside

1.3.1 Rocket and Satellite Measurements Compared with the

IRI-79 Electron Jensity Frofiles

t.. #eske, G, lemakrishnan, C. Lebstock
b ?

Praunhofer- Institut flir thyeikalische lesstechnil,
Heidenhofstrafe 8, I-78o0 Treidburg, FlC

Experimental evidence from several rocket flights at locations he-
tween the eguator and high latitudes, and from two satellites, is com-
‘pared with the latest version (IiI-79) of the Internstional lLeference
Ionosyphere. Differences appear at certsin locations and are discussed,

The purpose of this paper is to compore sverage electron-density
distribtutions as predicted by the IRI /tawer, 1980/ with in situ mes-
suremente of densities. This is in no way & complete comparison but
only a study for selected times and locations, of cuch cases nr were

available to us. Tlectron densities have been meassured by the impe-
dance ¥robe technique, providing an a@bsolute accurscy of better thon
1oy, /Heske and Kist, 1974/. keasurements from rockets and satellites
in three different latitude ranges were taken for comperison. In the
following, the rocket data are considered first, becsuse these are
more suitable for comparing with altitude profiles at & given locuation.
satellite data, on the other hand, provide a global coverage. Wher-
ever possible we have uced IRI profiles adjusted to meacured peak dato.,
shere such data were not aveilable, we used the CCIE predictiong as
given in an IKI subroutine.

The two low-latitude profiles /lieske &nd Eist, 1973/, measured with
an interval of four days in the middle of the afternoon above rourou
{(Pigure 1), show in one casge & merked valley between r- aud PF-laycrs,
whereas in the other case a slightly structured monotonic increuse
is observed. It is difficult to decide which should be considered es
"typical". The IKI profile corresponds clearly to the monotonic share,
which is quite well reproduced (by a fzctor of less then 2).

For mid-~latitudes en example ig given in Tigure 2z,
in & flipht in the american JunlI1C project /lorsec et a

; . i.Tte
normslizing the ionosonde data at the height of the sporzdic ..-layer,
the in situ measurements of densities for zscent =nd descent are in

good agreement with the sounder results. Taking the peal values, :
giveq1by the CCIK predictions, for hmF?Z and umi2 (345.7 km and 6.8
« 1o m~? respectively) the discrepancy between the IRI profile and
mezsurement is up to a factor of 4 at around 190 km altitude (doks).
Using, however, the actual values ac measured by the ilonosonde (320

km and 9 - 1011m' ) the agreement is much better. The plotted IKI pro-
file (crosses) includes, furthermore, an adjustment of the F-layer
thickness parameter for bést fitting of the measured curve. llence
inaccuracies in the CCIK peak predicition are, in this case, mainly
responsible for: the deviation,

£lthough the guality of data used for deriving the IKI model wes
much better at low and middle latitudes than at higher ones, it seemed
worthwhile to attempt @ check at high latitudes too. Figure 3 shows
the composite profiles for four rocket launches obtained during the
Yolar High itmosphere programme /Feske, 1980/, which was performed
under different geophysical conditions over /indenes (magnetic dip
77.4°). The mean profile given by IRI for these three months has a
completely different shape; in particular, the deviation at 140 km
is more than two orders of magnitude. This is probably due to the
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fact that high-latitude conditions differ from those implied in e
smoothed description of shape paremeters,

ve further compere IRI velues with in sitv measurements of satel-
lites under three sets of conditions described below,

(1) The nighly exsentric orbit of the Japanese satellite T.IY¥0
Jdirao, 1975/ provides & guasi height profile at low latitudes, ve
show, in Figure 4, two examples of messurements with which the caln
culsted 1#I profile can be compared directly. In these cases the de~
crease in densgity et higher altitudes is smaller for IRI than for the
measured ionisation. This may be due to the particular construction
of the IlI model inwhich same compromise had to be found at higher
altitudes when fitting & global Tunciion for the scale heights of
ternt and Idlewelyn /1¢70/; this wee done so as to obtain better accur
racy in the lower part of the topside FP-Region (IKI being limited to
heighte below 1ooo km). The discrepancy between III and measurement
at 8oo km corresponds to a fector of 2, increasing to 4 for the extra~
polation to 1200 km. Unfortunately, the actual values of hmif? enc
LEm¥F2 were not known, so that the extrapolation to the actual peak could
not be caried out. ¥e have seen above, that such & correction of the

e o

COLk predictions is sometimes important.

(2) ve determined height gradients with data from two satellites,
T2IY0 and LEDCE-F, which made simultaneous measurements during (night
time) encounters /ileske et al., 1979/. Four ceses are shown in Figure
5; hére the gradients of the density on the top side, as given by
measurement and Ifil, are in good agrecment, These are all caces of ra-
ther small gradients on the topside., Under other conditions, much
greater actual gradients occcur, which are then rather different from
the smoothed average /Neske et al., 1979/. The deviation of the absoc-
lute values in Figure % reflects the variability of the ionisation
rate,or transport phenomena.

(3) Finally the sun-synchronous setellite AxTOS-B /Lémmerzahl and
Bever, 1974/ provided a global coverage of the electron density for two
local times, 15h%0 and o3h30, at low and middle latitudes. For & period
covering the month of rugust together with the last week of July 1974
(smell crosses), snd for the longitude sector 280° E I 10°, measurements
and IRI were compared in different leatitude ranges (x 5°) and in alti-
tude Tenges from 220 to about &80 km, as shown in Figure 6, for night-
and day-time., “e see, in general, agreement between median IRI profiles
and the neturally scattered density distributions &s observed, The day/
night variation seems to bhe correctly reproduced and, inside the dis-
persion range, also the latitudinal variations. Two points should be
noticed: first, during day and night, the model gives densities which
are too low at 60° modip; second, during day-time, the density at 40°S
modip is somewhat lower than predicted,

Conclusions;

«uite naturally, when the IRI-79 shape of the electron density profile
is adjusted to measured peak values (MmP2 snd mP2Z) the agreement with
measured profiles is considerably better thsn when the CCIR predictions
are taken &s input values, ibsolute comparison under the latter condi-
tions depend on the accuracy of the CCIR model, which is known to he
rather different in different geographic regions. Under the first con-
ditions the profile functions are in good agreement in the low and mid-
dle latitude ranges. TFor high latitudes and for high altitudes, the
mcdel deviates considerably from our experimental results, :
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1.%5.2 Comparison between Flasms Densities Feasured with the

AEROS-B and S3-1 Satellites and the TRI [odel

- . R I IO . .
C Rk, Philbrick , F. Lammerzahle, ¥, Neske, i, Lumbs3

4ir Force Geophysics Taboratory, Hanscom AFE, Fass., USA
ZIvlax-}lanck-lnstitut fiir Kernphysik, Heidelberg, IFRG

3Fraunhofer—lnstitut fiir Fhysikelische Feftechnik,
Freiburg, FRG

Lbstract: Measurements by & macs spectrometer on satellite 53-1 have
Deen compared with those from an impedsnce probe and from & retarding
rotential analyzer on AFRKC3-b in order to investigate the relation-
ship of the instruments response to ionospheric total and partial den-
sities. Conversion of the mass spectrometer data into absolute ion
densities is based on & large number of correleted ionosonde observa-
tions of the foF2 criticel frequency. Results of the two different
probes on AFRGS-E were extensively intercompared and the impedance
probe is considered to provide very accurate electron density. The
perigees of the two satellites were both over the northern poler re-
gion in Wovember 1974 snd many crossings at the same latitude and
Tongitude occurred. fmong these crossings, five cases were located
which met restrictive conditions minimizing the effects of spatial
and temporal variability. The ratio of the densities measured when
the two satellites were closest to these crossing points exhibits a
mean of 1.o0c with 6% standard deviation, and the relative composition
of molecular and atomic ions agrees within about 20 %. Lensity varia-
tiongs found to be correlated with invariant magnetic latitude, rather
than to be strongly dependent on altitude, in the F-region. Data are
compared with the International Reference Ionosphere model values for
density and ion composition in the F-region,

1, Introduction

The basic properties of the ionospheric plasma, such as density,
temperature and composition have been investigated by meny different
probing technigques using ground-based sounding facilitlies as well as
sotellite and rocket-borne instrumentation. Various efforts to cross-
check such measurements so as to obtain a better estimate of their
reliability and accuracy have been reported /Taylor and %Wrenn, 1972;
Loble et al., 1978/.

In-orbit intercalibration is particulerly important to ion mass
spectrometers for determining their absolute sensitivity to ambient
total ion number densities., i reliable celibration caznnot be achieved
in a jaboratory experiment, owing to the inherent difficulties in
simulating the ion flow conditions applicable to an instrument on an
orbiting spacecraft. Any effects of discrimination between different
masses that the analyzer may produce are evaluated in the laboratory
and +taken into account in analysis of the data. The factor for con-
verting ion currents into number densities, however, is usually derived
from normalizing the summed currents of all ion masses to the total
plasma density as obtained from some other experiment. If such an ex-
periment is included on the same satellite or rocket, then in-flight
calibration of an ion mass spectrometer is straightforward /Hoffman
et al., 1273, 1974/. The variability of the ionosphere, however, ma-
kes it difficult to make comparisons between measurements from diffe-~
rent satellites, or between a satellite and ground-based ionosonde or
incoherent scatter radar observations, which ar close enough to be
correlated.
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in ion mass spectrometer which collected a large number of ion
composition measurements in the altitude range between 150 km and
500 km was onboard the 53%-1 satellite. ¥ive meacurements were loca-
ted when this satellite passed: very near the AFRGH-P satellite which,
among other experiemtns, carried an impedance probe and & retarding
potential analyzer. st the crossings, both satellites were passing
the same latitude andlungitude within a few minutes of each other,
and at altitude separations small compared to the plasma scale height.
Five cases met rather restrictive conditions designed to minimize the
effects of spatial and temporal variability, and these allowed a di-
rect intercomparison between the density and ion composition measure-
ments from these satellites. Ixcellent sgreement was found between
absolute number densities and percentage composition, which gives ad-
ditional confidence in the accurscy of both dats sets.

The orbital plane of the LEKCS-~-E satellite corresponded to local
times near o4oo and 1600, and that of the £3-1 to times near 1loo
and 2300, The time difference between the orbit planes mcans that cros-
sings will only occur at high latitude, and for these cises the cros-
sings are near 79°H. At this high latitude, the ionospheric plasme is
often highly irregular, and it has been found that compszrisons in terms
of inveariant latitude appear to be more important than do altitude
differences of tens of kilometers in the 250 km to 4oo km altitude
range.

The importance of reliable plasme measurements for establishing em-
pirical reference models of the ionosphere is obvious. inalysis of data
obtained from AERCS has shown that the ionospheric global behaviour ae
described by the current CCIR program /CCIR, 1974/ needs to be correc-
ted /Noor Sheikh et al., 1978/, in particular, to account for longitu-
dinal effects in the equatorial region that are stronger than predicted
/Neske et al., 1980; Liémmerzahl et al., 1979b/. The ALKOS data base has
also been incorporated in IKI by Rawer et al., /1978a/ and hewer /1980/.
The £3-1 ion data represent a unique set of lower and upper F-region
composition measurem ents, of almost corplete global coverage, which
are excellently suited for modelling the ionosyheric composition pattern.
Comparisons with the IRI, both for single observations end on & stati-
stical basis, demonstrate a2 need for further improvement in ionospheric
modelling. i few of these results are presented.

2, The Iixperiments

This study is based on measurements obtained from a me&ss spectro-
meter éion composition) on the S3-1 satellite, snd from an impedance
probe (electron density) and a retarding potentisl analyzer (densities
of major ions) on the LLLC:-T satellite. The ARRO: experiments have
‘been described by leske and Fist /1974/ ané by Spenner end Iumbs /1974/.
The mass spetrometer was of similer design to an earlier flown instru-
ment /Philbriok, 1974/. letails on the three experiments and date eva-
luation procedures are published elsewhere /Philbrick et al., 1980/.

ARROS wees a cooperative German-U.S, aseronomy satellite program de-
signed to obtain simultaneous measurements of the most important pro-
perties of the neutral gss and the plasma in the upper atmosphere,
together with the flux of ionizing solar rediation in the extreme ul-
traviolet, in order to investigate the coupling between the atmospheric
components and ite control by solar energy /Limmerzahl and Fauer, 1974;
Lammerzahl et 21., 1979a/. The second of two satellites, LERCS-E, was
leunched in July 1974 and provided measurements until September 1975
when it reentered the atmosphere.

In-situ electron density on ALXKOE-E was obtained by a rf impedance
probe (IF) designed to measure the modified upper hybrid resonznce fre-
guency. This frequency as actually measured is directly related to the
electron density of the ambient plasma in a rather lerge sensitive vo-
lume determined by the 180 cm length of the sensor. ITuring each cycle
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of six data points at one second intervals, the resonance phige con-
ditions and the de-bias voltage were altered for diagnosis of the
plasme interaction on the probe. The effect of an ion sheath on the
measured density was shown to be negligible, and & mean spread in the
densities of 4% was observed over a cycle. The high degree of internal
consistency gives confidence in the reliability of this technigque. The
accuracy of the absolute values of the electron demsity is generally
Letter than 1o% snd, for the densities considered in this paper which
are generally greater then 1ol Tm= the eccuracy should be near 5%.

The ion mode of the retarding potential analyzer (RF4A) on AFHCE-E
provided the temperature snd densities of the major ions every 18 se-
conds, corresponding to a 140 km spatial resolution. The sensor was
of planar geometry snd the scan period of 1 s was synchronized with
the spin phase %o’ provide measurements at sngles within 1300 of ram
direction. The measured current-voltage curve was anslyzed using &
fitting procedure in which the free parameters were the assumed four
constituent densities (id* = mass 1, Het = masgs 4, Of = mass 16, &and
molecular ions = mean mass 31), the temperature, and the spacecraflt
potential. When the residuals became too large the results were rejec=-
ted. The total ion density has been compared with the electron density
from the impedance probe on the same satellite. a difference of 2o to
30%, by which the RFL velues are systematically lower than those of the
1T data, is explained &s due to a transmission loss in the RFA grid es=
sembly for ion flow; therefore, the partisl demsities from the ki must
be corrected by & corresponding common factor, but this correction has
not been mede in the results presented.

The $3-1 was the first in a series of three satellites designed to
provide a scientific study of the properties of the upper atmosphere,
and to emphasize investigations of the coupling between the neutral at-
mosphere and the ionosphere over the altitude range between 150 and 500
km. The near polar orbit was highly eccentric with-a perigee near 150 km
and initial apogee near 4oco km. Turing the period from early November
1974 through June 1575, low altitude data were obtained that cover al-
most &ll latitudes and four ranges of local time, near 11oo, 2200, 0700
and 17co. imong the several experiments carried on the satellite was &
mass spectrometer which measured both the neutral atmosphere and iono-
sphere species gensities. The five ion masses that it was tuned to mea~
sure were W', 07, N,* and 02+.

Calibrations with various gas ‘mixtures showed that the mass discri-
mination of the guadrupole was less then 5% over the mass range. The
conversion of the collected ion currents into absolute density was de-
rived from a comparison of flight date and ground-bazsed ionosonde data.
Lpproximately 50 cases were identified where good correlation between
ionosonde observetions from a worldwide distribution of stations end the
satellite measurements should exist. The criteria applied to select °
these cases was that the satellite should be at the F, peak, as deter-
mined by the satellite altitude profile of summed ion current, and si-
rmultaneously be crossing a latitude and longitude hox of 5°x56 cente~
red about an ionosonde station, and further that the foPF2 critical fre-
gquency should have been measured within about 5 minutes of the crossing.
The comparison between the foF2 determined electron density and the
summed ion current yielded the instrument sensitivity to ions. Standard
deviation was +26% and no long-term trend of changing sensitivity was
detected., Eased on the consideration of the calibrations and the in or-
bit performance, the ion densities reported should be better than +15%
and the_relative composition better than +lo% for densities greater
than 1o~m~

3%, Comparison of Ixperiments

The ion mass spectrometer (¥S) results from the S3-1 satellite have
been compared with the impedance probe (IF) and retarding potential ana-
lyzer (RFA) results from the AEROS-I satellite /Philbrick et al., 1980/.
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The results of that comparison for five nearly coincident sets of
mezsurements showed eoxcellent agreement for both total density and

ion composition. In figure 1 the measurements obtained near one of the
crossings of the 53-1 and ATKOS-Z satellites are shown. The molecular
ion densities (1:0F, Lg+, 02+) from the MY have been summed so that they
can be compared with the RIA measurements of molecular ions. The OF
profiles for the KIi4 and BS irgtruments and the total ion density (FE)
and electron density (I¥) are shown for comparison. arrows indicate

the crossing point of the orbits. In Figure 2a and 2b the same orbit
intersection is shown, but the results are shown versus invariant lati-
tude &nd the intersection of the orbits is shown in geodetic and cor-
rected geomagnetic coordinates. The invariant latitude-display of the
dets was found best to depict the correlations between the measurements.
.t these high letitudes the azltitude iz less important than invariant
letitude in describing the density distribution of the I'-region ious.

L study of the five cases of comperable results from the two satel-
lites /Thilbrick et al., 1980/ resulted in & ratio between the ABRCS-E
and L3-1 totel densities of 1.00+.06, and agreement between the mole-
cular end atomic ion concentrations within about + 2o%.

4, Corparison of ieacurements to IRI Fodel

Flgure 1 includes the altitude profiles for electron density end
molecular ion density from the IRI model corresponding to the conditions
for the intersection of the orbits. The general agreement between the
IKI and the measurements is reasonably good conmsidering that the iono-
epheric variebility at these high latitudes is large., Gther comparisons
of the electron (or total ion) demsity given by +the IHI model and MS
measurements have been made and generally good agreement nas been found
near the peak of the ¥2-region, but some significant differences have
been found in the Fl-region.

Figures 3 and 4 display a comparison between the ion composition
measurements and the IhI composition. The two ceses chosen for compari-
son represent summer doytime and winter nighttime mid-latitude condi-
tions. The letitude, soler zenith angle (), snd other conditions sta-
-ted on the figuree were chosen to @llow the closest comparison between
the satellite meosurements, the ILKI model, and the original rocket data
summary of leanilov and Semenov /1978/ on which the IKI composition was
besed. In the summer daytime case, Figure 3, each of the satellite mean
profiles reprecents between 7o «nd 110 independent meszsurements rer
to km zltitude interval and, in the case of Figure 4, between 150 and
250 measurements ver lo km interval. The rocket summary, and hence the
IXI mndel, represents the summary of a totzl of 43 profiles which had
to be distributed by season, solar zenith angle and other rarameters.
The rocket derived composition summary thus cannot be expected to have
the statistical significance that we can now obtain from the satellite
datae. Unfortunately, the differences are surprisingly large., This mey
be due to-the fact that the rocket observations were obtained zt a few
places and hours but satellite data from 2 lurge manifold. We conclude
that for comsiyicting improved models of jonospheric composition it is
essential to include data from satellites as have now become aveilzble.
The consistency of the data sets from the sateliites $3-1 and ARROS-R
is an encouraging result in view of an improved model.
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Plasma density and partial ion demsity height profiles from AEROS-B and S3-1
experiments near a crossing point of the two satellites, within 7 min from
each other, on 29 Nov 1974. IRI model densities (option Chiu) are shown for
comparison. Regions where the satellites passed through the auroral oval
are marked by bars. Kp = 14,

Comparison of densities from AEROS-B and $-31, at the same crossing point as in
Fig. 1, plotted versus invariant magnetic latitude.

gatellite trajectories near the crossing point projected in both geodetic and
corrected geomagnetic coordinates. The two lines represent the limits of the
auroral oval for low geomagnetic activity [Whalem, 1970].
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Fig. 3 Summer mid-latitude daylight composition of the lower F-region ionosphere.
Mean densities from S3-1 measurements are compared with the IRI model
[Rawer, 1980] and the original rocket summary [Danilov and Semenov, 1978].
Fig. 4 Winter mid-latitude nighttime composition of the lower F-region ionosphere.
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1.3.3 comparison of Theoretical Electron Lesnity Frofileg at the

Fagnetic Eguetor with IRI Inodel and Incoherent Scatter Dats

D.Yu. Leshchinskeya', £.V. Mikhailov®

1Academy of Sciences, IZNIRaN, 142092, loscow, USSh

2Inst. of Ahpplied Geophysics, Hydrometeorological Service,
107258, loscow, USSR

Abstract: For some quiet days, four seasons and different levels of
solar activity, comparisons have been made between noon equatorial Ikl
profiles, Jicamarca incoherent scatter data, end a theoreticzl dis-
tribution of electron concentration. 1t is shown that in the equatori-
al 2 region the ILI model describes the shape of electron density
profiles with insufficient accuracy. On the other hand, given the pre-
sent-day knowledge of the main seronomic parameters, it is possible to
describe satisfactorily the eledron density distribution in the FZ2 re-
gion at the magnetic eguator.

1, Introduction

In accordance with the suggestion of Rawer et al., /1978/ concerning
the verification of the IERI model, comparisons have been mcde for noon
equatorial profiles with Jicamarce incoherent scatter data for rather
quiet conditions, different sewusons snd two levels of solur activity:
minimum 1864 to 1966 /FcClure et al., 1970/, and maximum 1967 to 196¢
/Clark et al., 1976/. The IKI profiles were adjusted to the experimental
values of Nm¥2 and hmPF2.

2, Comparison of the TRI with observations

It can be seen from Figure 1 that, as a rule, the observed F2 layer
is thicker below hmi'2, between 200 and 250 km, therefore the observed
density values are sometimes 2 or 3 times greater than those given by
IEKI. s#lso the model and observed scale heights above hmf2 differ by a
factor of Z..4.4% low solar activity, this factor is less than at higher
level, It should be mentioned also that IRI admits no dependence on so=-
lar activity of the scale height above hml'?, although the experimental
scale heights are found to vary with changes in the upper atmosphere
temperature,

Thus, when comparing with adjusted IKI profiles, it is found that
IRI describes the profile shape, and its variations with solar activi-
ty in the eguatorisl FZ2 region, with insufficient asccuracy. If IIRI were
computed with unadjusted peak values then absolute differences in den=-
sity could exceed those given in Figure 1,

3, Theory

Cn the other hand calculations bhased on the physical processes that
are responsible for ionosphere formation are being developed. Iear noon
the following basic processes play & role in the formation of the equa~
toriel FZ2~-region: photoionization (mainly of atomic oxygen), charge
transfer from O to molecular ions, and electrodynamic drift of plesmz.
Plasma lifted upweards by the E x B force up to the F2-maximum diffuses
downward along magnetic field lines.

in approach similer to that of Hanson and Moffett /1966/ for statio-
nary conditions at noon is applied. account is taken of photoionization
of 0, Uy, and H,, charge transfer from O+ to 02+ and NO* with tempera-
ture dependent®rate constants /Ferguson, 1969; KcFarland et al., 1973/,
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Thoto~chemical eguilibrium and the thermospheric model K315 /Hedin et
al., 1977/ are assumed in the calculations. The EUGV spectrum and its
variation with solar activity es given by Ivencv-~Eholodny and Firsov
/1974/, is accepted but the integral flux is approximately doubled
/Schridtke et al., 1977/. The difference between geomagnetic and geo-
grephic- coordinate systems is taken into account.

Calculeted values of hmF2 are found 20 to %o km higher than those
‘observed. To obtain sgreement between model znd experimental velues,
for higher solar activity the exospheric temperature in the MSTS model
must be Jowered by loo K. This conclusion is confirmed by direct mea-
surements of the ion temperature T3 /Clark et 2l., 1976/; at the heights
considered Tj does not differ appreciable from Tn. In our calculations
we admit FSIL values for lower solar activity, but for F(10.7)= 100 we
deduce loo K from the MZIZ value; Te is pu egual T;=T,. It is well
known that electrodynamic drift effects influeiices the electron
density profile at the geomagnetic equator /Hanson znd Loffett, 1966/,
In order to determine the vertical drift velocity v, use is made of
semi-empirical relationg first deduced by Ivanov-Kholodny and kikhailov
/1976/. These connect the F2-peak detz w.th seronomic parameters:

log Bm¥F2 = &9 log n(0) + By log 8 + Cq'¥;; + Dy
hmP2 = 4, log n(0) + By, log B + CoVv, + L, (1)

where n(C) is the number density of atomic oxygen and B the loss
coefficient.

The coefficisnts depend on solar activity F(l10.7) by a quadratic
relation & - F¢ + b « P + d (coefficients in Table 1).
Table 1

Letermination of the Coefficients 4, B, ¢ and I in Eg. (1)

& b d 2 b d
Ay 0.0 0.0 1.0 By 6.%4-4 1.26-2 40.38
Ey -4.52-6 4.83-4 -0.45 By, -T.30-4 3,46~ 14,46
01 T7.76=7 ~-1.16-4 -0.0@ 02 1.86-3 -5.77-1 T1.77
L1 -6.12-5 1,72-2 -5.,30 DZ ~-1.03-2 1.93 104.06

(For 4oo km. Units: cm™> for densities, m/s for velocity, km for height).
Comparison of the computed and observed drift velocities st Jica~
merca /doodman, 1970/ shows that the mean error in v is 2.4 m/s, which
is roughly egual to the experimentel inaccuracy /TFejér, 1979/. It
should be noted that a time lag of 1.5 h is admitted between the res-
ponse in F2 to a change in v_. The results of our calculations are shown
as broken lines in TFigure 1.2 They represent the observed profiles ra-
ther well and reflect the change in profile shape with variations of
solar activity.

4, Conclusion
The IERI model does not provide a satisfactory representation of elec-

tron density profiles at the magnetic equator. Probably this is due to
the limitations of experimental data available for the equatorial iono-
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sphere and its great variability. Cn tae other hand our semi-empirical
aeronomic theory mekes it possible to describe satisfactorily the
clectron Gensity distribution in the 7o-region at the geomzgnetic
eguator.

Liscussion remark:

The suthor pointed out thet neutrsl wind induced changes were not
included in the present model, only the vertical component of electro-
dynermic plasmse drift. k. lawer stated that the Bent-results used for
esteblishing the IKI topside model contain o dependance on soler acti-
vity viy the value of “mF? which appears in the eguations.
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Fig. la, b Equatorial noon profiles obtained by incoherent scatter (full), by
aeronomic computations (broken) and with IRI (dotted).
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Tensities at and near the Plasmapause
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1.3.5 Comparison with IKIL of F¥lectron Density and Temperature

at the Magnetic Equator

G.F. Deminova, L.A. Yudovich

IZVMIRAN, 142092, Troitsk, loscow region, USSK

Abstract: The height distributions of the electron and ion densities
Ng and Nj and of the electron temeperature Ty at the geomagnetic equa-
tor are calculated for quiet geomagnetic conditions, near noon in the
height interval loo to 2000 km, and for three levels of the solar flux
index F(10.7). The results of the calculations are compared with the
observed data obtained at the Jicamarca incoherent scatter stztion, and
with Ne profiles given by the IRI model. It is found that the IKI model,
when applied to noon conditions at the geomagnetic equator, underesti-
mates the peak height hmFZ and gives a half-thickness of the F-layer
that is less than observed. The results of our calculations are in bet-
ter agreement with the observed data.

For quiet geomagnetic conditions near noon at the geomagnetic equa-
tor and for three levels of the solar flux index F(10.7) = loo, 150 and
200 we computed the ionospheric parameters by analytical solution of
the set of plasme equations in the steady-state approximation. Five ion
species CF, H, Up*, WNO* and No* were taken into consideration.

The Jacchia /1977/ model of the neutral atmosphere is used. The rates
of chemical reactions and of cooling were taken.from Torr and Torr /1979/
and Schunk and Nagy /1978/. The heating was calculated according to
Swarts and Nisbet /1972/, but their expression for the heat production
was increased by a factor of 2.

For the calculation of Ty above 400 km, one must assume a value of
Ty at some fixed height as a’ boundary condition. %e assumed at h = 1oco km
Te = 2500°, %000° and 3500° for F(10.7) = 100, 150 and 200 respectively.,
We based these rough assumptions on data given by Fahajan and Pandey

/1979/.

The calculated height profiles of Ng and T, were compared with those
obtained by incoherent scatter at Jicamarca near the geomagnetic equator,
They are shown in Figure 1, On the left, the electron and ion concentra-
tions obtained from a self-consistent solution of the system of the )
equations for charged Earticlasare shown by solid lines. (Here N(X¥*) =
N(0z%) + W(NO*) + N(Io¥) ). The dots, circles and crosses denote ob-
served data obtained during geomagnetically guiet periods, and on days
when F(10.7) was close to Too, 150 and 2co0.

The Mg profiles given by IRI-78 with the observed values of NmF2 and
hm¥2 are shown as dashed lines. The half-thickness of the III profiles
is ~ almost a factor of 2 - smaller then the observed one, as well as
the results of our calculations. If, on the other hand, we use Chiu's
/1975/ fromulas we get values of hmF2 substentially lower than those
observed. For F(10.7) = 1oo, 150 and 200 respectively, the observed
values of hmP2 are approximately 4oo km, 450 km and 490 km while Chiu's
model gives 280 km, 320 km and 360 km. The discrepancy in peak density
is somevhat less. Mote the good agreement between calculated and obser-
ved values of hmF2. The calculated values of NmF2 lie within the spread
of the individual measured values. Eoth parameters do not depend mar-
kedly on To. This is accounted for by the dominating role of electro-
dynamical Srift in the equatorial F-region. Calculation lead to the
following asymptotic expressions for hmF2 and NmF?2 /Teminov et al.,
1977a, b; Deminove et al., 1979/:

Rg;
w2 = ng + L 1oin [ (i)' o
Do Vor
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T 1/2
Lmi2 & Q, (——) (2)
2 ‘v‘.’l‘,m

where Iy and L, are the diffusion and recombination coefficients at a
fixed height hgy, H is the scale height of the ngutral atmsophere, Ly
is the harth's radius, %W is the vertical plasma drift velocity, Qm and
Ly, are respectively the rate of ion production and the recombination
coefficient at the height hmF2.

The results of the calculations and of their comparison with the
observed data clearly show the dependence of plasma density profiles
upon solar activim(,f For example, for F(10.7) = loo we find hmF2 - 400 km
and MmF2=,9.5 « 1o''m™2 while for F(1o.7) = 200 we get 490 km and
1.7 + 1o1em=3

Cn the right of Figure 1 the temperatures T, are plotted. The solid
lines are the calculated profiles of Ty, and the data obseryed at Jica-
marca are shown as dots, circles and crosses for the dates identified
in the caption. The neutral femperature is taken from Jscchia /1977/,
Te and T, are approximately equal near the F2-peak. At heights from
150 to 3%0 km, Te decreases with height and exceeds T, by up to 1200 K.
The results of the calculations are in good agreement with the obser-
vations. The upper level where T, begins agein to differ from Tn de-
pends on the level of solar activity. &t F(10.7) = 100, Te begins to
increase above 500 km, and at T(lo.7) = 200 above 650 km. Though, as
mentioned above, the upper boundary condition is rather uncertain, by
computation with different assumptions for the topside temperature we
found only a small effect of these assumptions on the upper height
where Tp began to increase.

Thus, different from our computations, the IRI mbdel, for noon con-
ditions at the geomagnetic equator, underestimatéd the peak height
hmP2 and gives smaller thickness of the F-layer than observed. The
equatorial maximum of Te near 300 km is also appearing in IRI.
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Fig. 1 Left: Observed (Jicamarca, individual symbols) and computed (full
lines) electron and ion density profiles and, for comparison, IRI
(broken lines). Right: Observed (individual symbols) and computed
electron temperature Te. Neutral temperature Tn after Jacchia [1977].
On top (high solar activity): dots 31 Mar. 1967, circles 29 Dec.
1967, crosses 7 Mar. 1967. Middle panel (medium activity): dots
24 Jan. 1967, circles 21 Oct. 1968, crosses 4 Jan. 1967, triangles
21 June 1968. Bottom panel (low activity): dots 28 Aug. 1968.
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Section 1.4 Variability

1,4,4 Variability of the Iquatorial F-Region

XK. Bibl

University of Lowell,Center for Atmospheric Leseaxrch,
Lowell, kK& 01854, USLA

~bstract: slthough the study of the equatorial F-region dynamics has
become important because of the need to understand the Spread-F pheno-
menon, systematic investigations of the variations in the equatorial
I'-région parameters are scarce. Comparison of older statistical data
from three equatorial stations in sfrica with data from & new Ligi-
gonde, operating for more than one year on a VWest-Facific island,
ghows striking similarities in the seasonal behavior of the variation
of ionospheric parameters even though the new station was almost anti-
podal to the ifrican stetions.

It is necessary to separate the solar and lunar tidal effects from
the travelling or standing waves induced by solar particle dumping in
both zurorsl zones, Solitons, non-linear waves with propagation speeds
dependent on their amplitude, may be created by the clash of two acou-
stic gravity waves traveling in opposite directions towards the equa-
tor. They might be responsible for the extreme changes in the shape of
the diurnal curve of the critical frequency, in the height of the F-
layer maximun and in the minimum height during the night hours. Their
variance is of the order of the average values.

For Kwajelein, l..1., the seasonal dependence of the variance in
hp¥, the height of the electron density maximum, is presented in a
provisional analysis of the amplitudes for different wave periods. For
the sensitive hour, 2co0o Local Fean Time, the virtual profile of the
F-region ionization is given and compared with the Spread-F occurrence.

1, Introduction

58 background measurements for a planned combination of rocket and
monostatic and bistatic experiments designed to study the equatorial
Spread-F phenomenon, routine ionospheric sounding has been carried out
from sugust 1977 to iugust 1978 at the island Roi-Kamur near Kwajalein
in the lFarshall Islands at 90N, 1670F, only 2° Iorth of the geomagnetic
equator. ~lthough the main purpose of the operation of the new Digi-
sonde 128 Fy, described by Iibl and keinisch /1978/, was to monitor
the occurrence of Spread-F conditions, and to measure the spectral
properties and the location of the coherently reflected Spread-F echoes,
sufficient data were collected and scaled to permit an analysis of the
.rredominant periods in the moticn of the F-region heights.

2, large Scale variations in the Ionospheric F-Region

slthough non~negligible variations of the lonospheric parameters
occur anywhere, the variability itself is a function of locality /RBibl,
1964a/ end is particularly large at the magnetic equator, Figure 1
shows F-region virtual profiles for ¥wajalein, M.I. at 20 h LT, repre-
sented by the virtual height at sounding freguencies 2.0, 3.0, 4.0, 5.0
and 6,0 FEHz. %hile the true minimum heights are pretty well approached
by the virtual minimum height at night, the thickness given by corres-
ponding electron densitiés might be too large by a factor of 2., How-
ever, in virtual heights the daytime and seasonal chenges can be more
easily detected. while in earlier investigations we preferred the para-
meter KUI'%5000F2 for detecting variations, in the present study we chose
instead the "parabolic height" hpFz.
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- Put both parameters allow a good estimate of the nighttime F-layer
shape and height range if the minimum height hm in F i1s also known.
vhile thickness and hpF2 are positively correlated, the critical fre-
quency foPF2 and hpF2 very often show a negative correlation. There

are exceptions, very often induced by the so-called G- or lunar-layer
or F3-stratification after Bibl /1958/ of which Figure 2 shows a night-
time example.

We have found positive correlations for Spread-F occurrence with
high minimum heights, but more with rapid increases occurring slightly
before 20hINT. As Figure 1 shows,the changes in height from day to
day usually follow a continuous trend for several days, but sometimes
there are enormous changes between consecutive days.

- e o s i s o e W S e

In the following we consider hourly changes of ionospheric para-
meters with emphasis on rather short term, non-regular, e.g. wave-
like phenomena. In order to avoid regular, long periodical influences
(diurnal and tidal ones) we have subtracted from all hourly differences
in hpF the median difference for the month. I.e. we replace the actual
hourly change: :

1 A1 hpP(t) = hpP(t) - hpF(t-1) by the reduced hourly change:

141 hpF(t) - TA71 hpr(t). (1)

1481 hpF(t)

As examples, the hourly distributionsof 1A 1 hpF2, together with
the hourly medians for August/September 1977 and August 1978, are re-
presented in Figures 3 and 4. We feel that the increase of variation
from 1977 to 1978, specifically at the evening rise and collapse be-
fore and after 20 h LMT, is connected with the increase in solar acti-
vity. The corresponding distribution functions of foF2 and hminF are
shown in Figures 5 and 6.

In the following we shall consider hpF2 in more detail building up
higher order differences. Since day and night conditions are very dif-
ferent we have split the normalized differences into two components
identified as day (D: 06 to 19 'h LNMT) and night (N?{ 20 to o5 h LNMT).
(In the following Figures open boxes meanmaD and filled boxes mean N).
The detrended differences 1& 1hpF(D) and 1 X 1hpF(N) have been integra-
ted in the following way: :

2A1hpF(t) = 1B thpF(t) + 1A 1hpF(t-1); 3 A1hpF(t) = 2 A1hpF(t) + 1B1hpF(t-2);
4R 1hpF(t) = 2A thpF(t) + 2% ThpF(t-2); 1 A2hpF(%t) = 1 Z1hpF(t) - 1B1hpF(t=1);
2R 2hpF(t) = 2 K1hpF(t) ~ 2 B thpP(t-2) (2)

Our algorithms act as frequency filters: With 14 2 one prefers periods
of 1.6 to 3.2 h (with an arc sin distribution in case of constant ampli-
tude); with 2K 2 periods of 3.2 to 6.4 h. Longer periods can only be
estimated from 33 1hpF(t) and 48 1 which will be large for periods grea-
ter than six and greater than eight hours. This method /Bibl, 1958/
quickly gives an easy survey of the dynamical properties in a get of
data. For all five gquantities defined in Equation (2) distribution
functions deduced from hpF2 measurements at Kwajalein, are presented in
Figures Ta...h., These statistical distributions clearly show a seasonal
variation on which issuperposed an increase in variance with the increa-
sing solar activity.

3, Results
4  tabular summary of the distribution functions presented in Figures

Ta...h is shown as a table in Figure 8, In a given line the variance is
measured as the difference of the guartiles for day (D25) or night (N25),
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of the deciles for day (Dlo) and night (Hlo). The last column gives
the expected deviation, namely 2[? of the vectorial sum of the three
main components 2K 1, 2Z2 and 4471, - : o

“In all months we see the prominence of the four six hour periods,
2K 2hpF. Because of the different expectance values, dependent on the
phase of the wave relative to the sample times, about 2/3% of the mea-
sured difference in the guartile values can be taken as the median am-
plitude. This gives about 5o km expected amplitude for the average 4
too h periods. In July this value is exceeded during both day and night-
time hours, while in Janvary the nighttime hours show a clear minimum.
For the daytime, there seem to be two minima, one in August/september
and one in February/Karch. At night the 2 to 3 h periods are maximum
in hey and show minima in January and April, while the amplitudes for
the day hours are rather constant over the year. Longer periods (7 to
8 h) show & broad maximum during April to July and a winimum from Au-
gust to January, although the lack of data during October and November
Timits our knowledge of the behavior during these months. The fact that
the amplitudes do not grow substantially in the transition from a three
hour sampling difference 3 & thpF, to & four hour spen, 4 A1hpF2, indi-
cates that periods of over eight hours are eliminated as intended.

These results compare very well with an analysis of data from three
equatorial stations in Africa generated two sunspot cycles earlier /Bivl,
1967/. Figure 9 shows, for the African station Iwiro, similar distribu-
tion functions of detrended MUF3000F2 differences for the month of Au-
gust (comparable to Figures 7 and 14 for ahpF2). The same 4 to 6 h
periods are oviously strong. '

Even the seasonal behavior of the detrended foF2 before and after the
average meximum events, synchronized using the superposed epoch method,
is quite similar to the new findings. Figure 1o shows the average dif-
ference of the fo¥2 up to ngne hours before and after a maximum (25 wa-
lues). Maximum amplitudes ot he longer periods occur in July, while the
shorter periods show a secondary meximum in lay.

We believe that the values given in Figure 15 are representative of
the variability of the F-region peak for periods during the rising sun-
spot cycle at the equator. A correction factor of 2/% should be. applied
for all 125 and N25 values to obtain the average variability for the
three period groups.

4, Conclusions

Cur results may be used for predicting probalbe deviations from ave-
rage behavior: - '

(i) The expected adtual F2-layer peak value /Paul, 1980/ may deviate
from the predicted value by the 'totel D25 or HN25 number' listed in the
last column of Table I (for hpF2).

(ii) If, at a certain time, season and location, a measurement: has been
taken and if the trend has been established by prior measurements or by
using the IRI prediction of the diurnal behavior, then the expected
change within one, two, or three hours can be estimated by 122, 241
and 3 X1.

For temperate latitudes the predominant changes.have shorter guasi-
periods so that an analysis of 1/4 hour data is reguired /Bibl, 1964b/.

Lcknowledgement: The egquipment uased to collect these data has been deve-
Toped for U.S. Defense Nuclear Agency (DN4) under Contract DNAoo1-76-C-
0268 and been operated under Contract DNAoo1-77-C-0187. The same contract
also supported the scaling of the data by Mrs, Claire LeClair. Frogramming
and analysis of the presented data was carried out by Nr. William Kersey,
and drafting by Mr. Alfred Cognac with research founds of the University
of Lowell Center for Atmospheric Research.
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1.4.2 Contruction of Electron Density Frofiles for the Flsre-

Listurbed Ionosphere with Lata from Doppler kessurements

I.%. Qdintsova, V.D. Hovikov

IZbIRAN, Troitsk, loscow Kegion, 142092, USSK

Recent investigations show that the E~ and I'~regions of the iono-
sphere suffer considerable changes during solar flares. The study of
these effects is of a great importance for the prediction of radio
wave propagation and radiation risks, and it can help also to evaluate
the spectral distribution of EUV radiation during a flare.

For this purpose one needs reliable models of the disturbed iono-
sphere, in particulay the electron density profiles L(h). Two methods
for constructing model profiles are available:

a) theoretical calculations based on atmospheric models and measure-
ments of solar fluxes during the various types of flares;

“ " b)) use of ionospheric measurements made by variouc radiophysical

techniques during flares /kitra, 1974/.

The variations in the upper ionospheric profile during the initial
rhase of & flare sre particularly interesting. Although fast variations
of YUV radistion sre often observed during this phese /Lonnelly, 1976/,
there are very few data concerning profile changes.

“Dommelly /1968/ constructed fi(h) profiles for the proton flare of
sugust 28, 1966 using SFL records. However, the method was rather com-
plicated and did not find wide application.

i comparison of ¥(h) profiles constructed for the flares of 21 and
2% Fay 1967 from 3FD records and from incoherent scatter mcasurements
/Thome and VWagner, 1971; kitra, 1974/ shows that the profiles do not
coincide precisely due.to differences in the reaction times.

Kecently we developed a method for constructing K(h,t) profiles for
the initial phase of a flare, which is based on Doppler measurements
/lovikov, 14977; Novikov snd Odintsova, 1979/. It was shown that Loppler
sounding on geveral frequencies, together with ionosonde data, can pro=-
vide acceptable spatial resolution. In a simple case it is sufficient
to have three frequencies, corresponding to reflections from the k-,

F1- and PF2-regions. 48 an example, we shall consider the flare of August
28, 1966. Uonnelly /1968/ observed it with.near vertical sounding on
three frequencies 3.3 , 4.0 and 5.054 Kiz (Figure 1, solid curves).

e used a simple model for the undisturbed ionosphere consisting of
parebolic E- and F2-layers with a linear increase of electron density.N
in the Fl-region. This model is & good enough approximetion in most cases,
but ohe also uses standard models of the undisturbed ionosphere e.g. the
IRT.

The general expression for the Doppler shift aAf in the case of ver-

tical sounding is n
T4
_ 2f n
bt = - IO a9 ()

where n = refractive index, h, = height of reflection, ¢ = speed of
1igh;. Other expressions can Te derived from fquation (1) e.g./Lavies,
1970/ :
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dfy
hp - h, 1 + X2 1+ x
~f = — ( - x + 5 in /=% / 3% N (2)
h -h
m 0 . arf
. .2 X + 1 ¢}
Af = — [— 2% + (1 + X ) 1n "—K—-_——,rj-?t-— (3)

Equation (2) refers to the reflection from & parabolic layer with cri-
tical freqguency fos and kguation (3) tekes into consideration double
propagation through the same layer with reflection occurring from higher
layers. Here =x= f£/fg, hy and h  are the heights of the base and the
peak of a leyer. If the sounding frequency corregponded to a reflection
from the Fl-region, the following approximsate expression was used

. 2f dn _ 2f dh aN
AT R == & = 5 @ 5T (4)

From kquations (1) to (4) we obtained the A f(f) dependence in analy-
tical form /hiovikov and Cdintsova, 1976/. For the abovementioned model
of the ionosphere, Xkguation (2) may be revritten as

+ £ (h -h) %
fAfdt=————-—m————£— K ) (5)
C v o

o) v

- ¥ 1 v+ 1 ., . . .
where hy = ( —5 ~oy ) 1In §-:—T— 3 ORI EE; y = 1/x; t = 0 at the
start of a flare. The integral in kguation (5) cen be obtained graphi-
cally from curve 1 in Pigure 1, Since ¥y is a function of dimension-

less argument it is convenient to conytriict the curve Ky and to solve
Equation (5) graphicelly.

For the calculation of electron demsity variations in the Fl-region
it is necessary to obtain the curve Af(t) with & reflection from the
Fl-region, and to correct for the contribution of the L-region from
that curve. ¥or this purpose we calculate dfy E from Iquation (2)
and substitute it in Iguation (3) so as | at to obtain the changes
in Af, at frequencies 4.0 and 5,054 IiHz, that are casused by variations
in the E-region. Subtracting these values of Af from the curves 2 and 3,
respectively, we obtain the Af(t) changes caused by electron density
variations in the Fl-region only  (dashed lines in Figure 1). To construct
L(h) profiles in the Fl-region, we use the expressions given by /ltovikov,
1977 and Kovikov and Cdintsova, 1979/, and make the calculations succes-
sively for separate parts of the N(h) profile, The results for the flare
of 28 nugust 1966 are shown in Figure 2b. Every profile consists of two
linear parts corresponding to experimental records on 4.0 and 5.054 kHz.
The profiles constructed by this method are in good agreement with those
obtained by Lonnelly /1968/ (Figure 2a).

We used the same method to construct N(h) profiles in the Fl-region
during some other flares. SFL records were obtained for the path Fort
Collins (USA) - Havana (Cuba) at 1o and 15 EHz /Belii et a2ly, 1977/.

In those calculations we neglect the electron density chenges at and

below the k-region peak.This is no longer valid when the critical fre-
quency of the L-region is close to the transmitter frequency. N(h) pro-
files for the flare at 1838 UT on 15 Feb. 1978, were obtained by the
ionosonde just before the flare, and 5 minutes later; the latter is in
good agreement with the profile calculsted at SID meximum (Figure 3).
Enhancement of electron density in the E- and lower F-region is a typical
feature in the initial phase of a flare.
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Fig. 1 Donnelly's [1968] Doppler observations of the flare of 28 Aug.
1966 (full lines) and those computed from the adjusted model

(broken lines).
Fig. 2

Flectron density vs. height profiles obtained at different

instants (parameter at the curves) from the data in Fig. 1:
(a) by Donnelly [1968]; (b) by our method.

Fig. 3 Doppler observation (bottom) and deduced p

for the flare of 15 Feb. 1978.
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CHAPTER 2 PLASMA TEMPERATURES

Section 2.1 ZElectron Temperature

2.1.1 Comparisons of Isis and AF Satellite Measurements of

Electron Temperature with the International Reference Ionosphere

L.H. Drace and R.F. Theis

N4SAi/Goddard Space Flight Center, Labotatory for Planetary
stmospheres, Greenbelt, Maryland 20771, USL

Abstract: Impirical models of ionospheric electron temperature Te,
based on satellite Langmulr probe measurements, are compared with the
International Reference Ionosphere (IRI) temperatures. Fodels at 3oo

and 4oo km were derived from measurements made in 1976 and 1977, respec-
tively, when Atmosphere Explorer~C was in circular orbit at these alti-
tudes. Models at 1400 and 3000 km were derived from the ISIS-2 and
I8I8-1 satellite in 1972 and 1970, respectively. These comparisons re-
veal that the reliance on solar genith angle and the fixed vertical
temperature gradients assumed in the IRI model prevent it from adequa-
tely describing the diurnal, seasonal and altitudinal variations of Te
in the upper F-region. In futute versions of the IRI we suggest that
vertical temperature gradients be made variable with local time, alti-
tude and the FeIlwain I value to better account for the effects of con-
Jugate photoelectron heating, field aligned heat conduction and the heat
content of the overlying plasmasphere. The existing satellite data base
is edequate to define the necessary temperature gradient field.

1, Introduction

The thermal structure of the ionosphere has heen the subject of ex-
tensive study over the past Zo years since orbiting spacecraft opened
up this region to in situ investigation. A recent review summarizes
the current theoretical and empirical knowledge about F-region electron
temperatures /Schunk end Hagy, 1978/. The electron temperature, Te, in
the region below about 300 km is determined in daytime by a balance
between electron heating by photoelectrons and electron cooling by ela-
stic and inelastic collisions with ions and neutral gas /Hanson, 1963;
Lalgarno et -al., 1963/. Heat conduction within the electron gas is less
important at these altitudes, but not negligible /Hoegy and Brace, 1978/.

In the upper F-region and throughout the plasmasphere, electrons
are heated in the daytime by photoelectrons which excape the F-region
and travel along the magnetic field ftoward the conjugete ionosphere.
Since collisions with neutrals and ions are less frequent at these hi-
gher altitudes, local cooling is less effective, and Te rises until it
is limited by field aligned heat conduction into both underlying F-regione
where the heat is lost to ions and neutrals.

In this paper we compare empirical models of Te /Trace and Theis,
1980/, based on satellite Tangmuir probe measurements from Atmosphere
Explorer C, ISI-1 and ISIS-2, with temperatures given by the Interna-
tional Reference Ionosphere, IRKI /Rewer et &l., 1978a; Lkawer and Rama-
krishnan, 1978/. VWe discuss the similarities and differences in these
models in terms of the physical processes moted above, znd suggest im-
provements in future IRI models.
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2, The Satellite Models of Te

The Langmuir probe technique has been described extensively /PFindlay
and Brace, 1969; Brace et al., 1973/ and various results from these ex-
periments have been reported /Brace and Reddy, 1965; Brace and Spencer,
1964; Brace wt el., 1967; Brace, 1970; Brace and Theis, 1974; lahajan
and Pandey, 1978, 1980/. The Te models used in this paper, and the
modelling technique itself, are described more extensively by Brace and
Pheis /1980/. The modelling method employs spherical harmonics to des-~
cribe the dip latitude and local time variation at fixed altitudes at
equinox and solstice. Thus far, models have been derived from the Lang-
muir probe Te measurements from AE-C, ISIS-1 and I8IS=-2, Figure 1 illu-
strates the time intervals and altitudes from which data were selected
to derive the models used here. Figure 1 also shows the corresponding
levels of solar activity represented by the yearly average sunspot num-
ber, R.

The ISIS-1 Te models employed subsets of the 1969-71 data acquired
between 2000 and 3600 km altitude, a region where the vertical tempe-
rature gradients are .mall compared with the latitude and local time
structure. The average altitude of 3000 km was assigned because the
spacecraft spends so much time near apogee (3600 km). The ISIS-2 models
used appropriate subsets of the 1971-73 data to model the 1400 km be-
havior of Te. The circular orbit of ISIS-2 at 1400 + 50 km, made this
choice obvious. During its circular orbit phase AE-C provided data at
‘a number of nearly fixed altitudes between 205 and 410 km. We have mo-
delled the 300 km and 4oo km data.

3, Comparison with the IRI Model

The IRI model values used in the paper were calculated using the
subroutine IRIFO 6, 15.8.79 provided by Bilitza /private communication/
and based upon the eguations for Te given in the URSI-COSIAR 1RI des-
cription /Rawer et al.,, 1978a/. We recognize that the IRI Te model was
not intended to represent the region above 1ooo km, but we will compare
them with the ISIS models at higher altitudes because such comparisons
may be helpful in future efforts to extend the IRI model upward.

In order to compare the satellite models with the IRI, we have plot=-
ted them both as functions of local time in Figures 2, 3a and 3b. The
satellite model profiles are shown in solid lines and the corresponding
IRI profiles are shown dashed. To match the solar activity of the IRI
to the corresponding satellite models we employed the mean sunspot number
of the data set as indicated in Figure 1.

4, Discussion

The differences in the IRI and the satellite models of Te result
primerily from the decision in formulating the IRI model to make Te
dependent upon solar zenith angle. It is clear on the basis of the pro-
cesses of thermal balance, that the local solar zenith angle is a con-
trolling variable for Te in the ionosphere below about 300 km, where
Te is determined by.local heating and cooling processes. However, in
the upper ionosphere and plasmasphere, the effects of conjugate photo-
electrons, interhemispheric heat conduction, and plasmaspheric heat
capacity are also important. These factors cannot be described by local
solar zenith angle alone., The satellite models demonstrate this clearly
in the form of the smaller diurnal variations observed at high altitudes
and the lack of seasonal differences in the diurnal variations. In this
section we describe these differences in more detail.

For the reasons noted above, the IRI does not describe the diurnal
variations accurately (Figure 25 or the season effects on the diurnal
variations {(Figures 3a and 3b). The equatorial region has the greatest
problem because it exhibits the most complex and asymmetrical diurnal
structures. The IRI fails to describe the rapid rise at dawn and the

90




early morning peak near o7 h, This peak is not as evident at mid-
latitudes (Figures 3a and 3b) because the daytime temperature does
not return to the very low equatorial values. The origin of this
morning peak is the less effective local cooling provided by the
low early morning electron densities.

The exaggerated seasonal effects in the IRI model are evident in
Figures 3a and 3b in the length of the period of enhanced daytime Te
in summer and winter. In contrast, the satellite models at 300 and
400 km show only seasonal differences that are very slight as a result
of the conjugate heating effects which prevent local heating and coo-
ling from completely dominating Te.

The differences with the IRI noted at low altitude are amplified
at 1400 and 3ooco km. The IRI was not intended to accurately describe
Te at these altitudes, but it is instructive to make these comparisons
because they illustrate the underlying assumptions in the model which
cause trouble even at the lower altitudes.

The midday and midnight Te of the IRI at 1400 km are in good agree-
ment with the ISIS-2 data (1400 km model). This is probably because the
IRI was matched to the AEROS satellite measurements /Spenner et al,
1974/ which are consistent with the ISIS-2 measurements. The Explorer
22 Tengmuir probe data, acquired at 1ooo km in 1964 and 1965 /Brace
and Reddy, 1965; Brace et al., 1967/ were also fully consistent with
the AEROS data, but, because of its circular orbit, Explorer-22 pro-
vided better measurements of seasonal and diurnal structure.

In contrast to the agreement at 1400 km, the IRI temperatures at
3000 km are much too high in daytime and too low at night. These dif-
ferences arise from the extension of the IRI model, to altitudes where
the assumed vertical Te gradients no longer are correct (2K/km in day-
time and no vertical gradient at night). Ignoring the possible effects
of differing solar activity, the satellite models suggest a more appro-
priate daytime value of 1K/km between looo and 3000 km. Te measurements
from the S3-3 satellite /Rich et al,, 1979/ suggest that the afternocon
plasmasphere is nearly isothermal at about 5700 K between 5000 and Sooo
km altitude, although a zero vertical gradient is not consistent with
conductive heat flow from the plasmasphere into the ionosphere. At
night, the midlatitude.vertical gradient implied from the satellite
models remains about 1K/km. Even largeér vertical gradients in Te are
characteristic of mid-latitude regionsbelow 1ooo km as measured by the
incoherent scatter data of Millstone Hill /Evans et al., 1978/. Gra-
dients of 2K/km are typical of the nighttime ionosphere there.

The differences at higher altitudes are even more evident in the
failure of the IRI to follow the local time variation at dawn and dusk.
The IRI Te retains its solar zenith dependence when extrapolated to
1400 and 3000 km, while the satellite models show relatively insigni-~
ficant differences between the diurnal variations in the winter and
summer hemispheres. In addition, the 3000 km satellite data show that
the 400 field line cools very slowly at night, never cooling completely
to the exospheric temperature. A similar result was reported from Ex-
Plorer 32 Langmuir probe results at 26co km above the equator /Brace,
1970/ on an even shorter field tube. The daytime Explorer 32 values of
4700 K and nighttime values of about 2oo0o X agree well with the 3000 km
model equatorial values derived from ISIS-1.

5, Conclusions
The variations of Te with local time and season are not well des-

cribed by the IRI, even below lcoo km where the model is intended to
apply. In patrticular, the characteristic steep increase at sunrise
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followed by a peak Te at about 0700 hours are not represented by the
TRI model. The IRI model also exaggerates the differgnces in the diur-
nal variation of Te at mid-latitudes i winter and summer. Such seaso-
nal differences are shown by the satellite models to be relatively
unimportant, a result that is consistent with the influence of inter-
hemispheric transport of photoelectrons and heat rather than exclusive
control of Te by local heating and local cooling. However, even local
heating and cooling processes produce asymmetrical diurnal variations
pecouse the slow build up of Ne in the morning causes reduced local
cooling of electrons to ions at this time.

Successful modelling of the F-region may require coupling of Te and
Ne usiug satellite or radar models of their relationship /Brace and Theis,
1978; Spenner and Wolf, 1975; Mahajan, 1977/. &n example of such a model,
vased on daytime Atmosphere Explorer-C measurements at solar minimum
/Brace and Theis, 1978/, is shown in the form of contour plots in Fi-
gure 4. Equation (1) gives the analytical form of the model.

Te

P, +(Péh + P3) exp (Pih + P5Ni + PghNi) (1)

where T, = electron temperature / K, N, = ion {or electron) density/cm—3,
h = altitude/km. The coefficients Pn are 1.051-102, 1.7o7tﬁo1, -2.746110?,

—5.122v1o—4, 6.094'-'10'6 and —3.353%10_8 for n =1 to 6.

5
This model shows that Te and Ne (or Ni) are inversely related in day-
*ime above 200 kilometer. where electron cooling by collisions with ions
becomes an important determinant of Te. At lower altitudes, the electrons
are cooled primarily by elastic and inelastic collisions with the neu-
tral gas, and the Te height profiles become nearly independent of Ne.

Models such as this would provide more realistic estimates of Te that
would be, in effect, normalized for the actual Ne conditions given by
measurements or models such as the IRI. However, it is important to re-
cognize that the coefficients in Equation (1) may vary with solar acti-
vity, and the model does not apply at night or in regions of auroral
precipitation or other non-EUV heat sources.

Once the lower F-region Te is properly described by a density de-
pendent model, the elettron temperature at higher altitudes could be
described by adopting vertical temperature gradients to reflect both
local and conjugate solar zenith angles, the field line total electron
content, and the temperature itself. It may be possible to achieve an
acceptable approximation to the above by using a vertical gradient that
is variable with only local time, altitude and I-value. The local time
and L terms would account approximately for the conjugate heating and
the heat content of the overlying plasmasphere, while altitude terms
could approximate the changes in temperature gradient with temperature
that are required to maintain a constant conductive heat flux along a
given flux .tube.

we suggest that the currently available data base between 300 and
3000 km, referenced here, is adequate to significantly improve the
present IRI model below locoo km and to guide the evolution of a Te
model for the overlying plasmasphere.
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fig. 3a and b

Comparison of the satellite
and IRI solstice diurnal
variations of Te at 40°
north and south latitudes.
The relatively small
seasonal differences
between +40° and -40°
latitude are greatly
overestimated by the IRI,
again because of the use

of solar zenith angle to
represent the diurnal effects.

Fig. 4

An empirical model

[Brace and Theis, 1978} of
Te as a function of Ne and
height based on daytime AE-C
measurements. Such a model
could be used to define Te
where Ne is given by the IRI
model or from measurements.




2.1.2 Proposal of Improvements of the Llectron Temperature Fodel in IRI

K. Hirao

184S, University of Tokyo, Neguro-ku, Japan

Abstract: Only recently, the measurement of electron temperature in the
lonosphere heas become quite reliable for both space-vehicle and ground-
based measurements. Nany comparison studies have been achieved and care-
fully measured values now differ by less than 1o%.

The number of data obtained so far seems to be sufficiently large to
make possible systematic studies of an electron temperature model in the
ionosphere, especially in middle and low latitude vegions. 4t low lati-
tudes the daytime electron temperature profile has normally a peak at
around 220 km height and then a slight decrease with height up to around
350 km. Above this level it remains almost constant up to 500 km, beyond
which it increases monotonically. However, in middle latitudes, daytime
electron temperature profiles normally show a monotonic increase.

Nighttime temperature profiles show almost constant values above Zoo
km, with slight decrease around 350 km, and then an increase above 500 km
in both middle and low latitude regions. In high~latitude regions, the
electron temperature profile seems to be complicated between 100 to 200
km.

1, Introduction

Since the different methods of measurement have become reliable, recent
electron temperature data obtained with satellites and sounding rockets
can now be used for the construction of a reliable model. The sounding
rocket data are particularly important fot -the bottom-side ionosphere.
Figure 1 shows the distribution of incoherent back-scatter stations,
and of the sounding rocket ranges used recently.

2, Sounding BRockeét Data at the Kagoshima Space Centre (KSC), Japan

Rocket measurements of the electron temperature profile have been
continuously carried out, since the early Tos, using identical radio
frequency rectification probes on several rockets per: year. The -obser-
vation period almost covers one solar cycle. The probe used was speci-
ally developed to avoid the surface contamination effect, which some-
times caused some discrepancy in electron temperatures measured by
Langmuir probes./Hirao and Oyama, 1972/, and to eliminate the effect
of vehicle potential /Hirao and Oyama, 1970/. The earlier data for this
period were analysed in order to obtain an experimentel model of the
electron temperature profiles over KSC /Hirao and Oyama, 1980/. The fol-
lowing characteristic features of the electron temperature profile have
been found:

(1) There is a systematic diurnal veriation of the electron tempera-
ture profile as shown in Figure 2. From evening to late morning, the
profile is rather uniform except for a thin layer of high temperature at
around 11 LT in winter. This layer might be related to the focus of the
current. system causing the geomagnetic diurnal variation /Cyama and Hirao,
1979/. It also might appear over the same geomagnétic latitude location
in the winter hemisphere, but it is probably too exceptional to be in-
cluded in IRI. The diurnal variation of the profile at KSC (20° geomag-
netic latitude) is different from that at Jicamarca /Parley et al., 1967/
and at Millstone Hill /Evans and Holt, 1978/.

(ii) The profile shows almost constant temperature at heights of 3oo0
to 350 km. The difference between the asymptotic glectron temperature,
and the exospheric temperature derived by the method of Jacchia /1971/,
shows an almost linear relationship with solar radio flux F(10.7). &n
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increase in the temperature difference is accompanied by a decrease in
solar radio flux as shown in Figures 3a and 3b. Therefore the solar ac-
tivity dependence of electron temperature at around 300 to 350 km height
can be determined. The peak electron temperature et around 220 km &also
shows solar acitvity dependence.

(iii) In the bottom side, there is one characteristic point at 170 km
where almost all the profiles show an inflection point; the temperature
gradient there is about 20 E/km in the daytime profile. Another point
to be mentioned is that the electron temperature becomes almost equal
to the model neutral temperature at about 9o km height.

3, Satellite Encounter Data between ABRCS-B and TAIY(O

From March to September 1975 two satellites, AEROS~A and T£IYO, flew
simultaneously under quiet solar conditions. There were many vertical
encounters mainly over the South-stlantic geomagnetic anomaly region at
around 15 and o4 h LT. An encounter analysis with comparison of the elec-
tron temperatures from both satellites was made by Spenner et al., /1979/.
in encounter was defined by allowing a longitude difference of 159, a
time difference of half an hour, and a latitude difference of less than
1%, but the allowed height difference was only 1oo km or less. it night
good correspondence of the electron temperatures measured by the two
catellites was found; the dispersion was about 5% or less after making
altitude~corrections based on the Spenner and Flugge /1978/ Model, which
was derived from the data obtained by LBEkCS-a, incorporsted in IKI 1978.
This shows that the Spenner-Plugge Model is quite reasonable for night-
time conditions.

The daytime results were not so good. It was suggested that the dis-
agreement might be. caused by the complicated situation over the South-
Atlantic geomagnetic anomaly. However, & re-anaglysis has been made Dy
the author who assumed a sharper gradient in the e. tron temperature
profile. The result is shown in Figure 4; there is an improved coinci-
dence with about 10% dispersion resulting from adopting a ~1ok/km gra-
dient at around 3oc km. This value is quite reasonable as compared with
the profiles obtained at Jicamarca /Farley et al., 1967/.

Therefore, another gradient than in the model derived from the results
of AFROS-A is needed at certain latitudes. hActually, the height gradient
of the electron temperature 250 km over KSC is about 8 K/km in the af-
ternoon.

4, Comparison with IRT 1978 and the above-described Data

The electron temperature profile calculated by the IRI 1978 program
for the XKSC geomagnetic latitude is shown in Figure 5, as well as the
measured average profile for KSC. Of course, as the solar cycle effect
influences the ¥KSC.data, it is not realistic to compare the two profi=-
Jes because IRI 1978 does not include any solar cycle effect. However,
some possible improvements to IKI 1978 can be pointed out.

(i) In the bottom side, the electron temperature has been found to
be equal to the model neutral temperature at a height of around So km
in the daytime. st might, the plasma density is_so low: that the elec-
tron temperature cannot be measured by the usual probe technique.

4t around 120 km, the electron temperature profile shape is quite
different from that of the model neutral temperature; this might be
due to the existence of a not yet identified heat source. In IRI 1978
it is assumed thet the electron temperature coincides with the neutral
temperature at a height of 120 km. This problems must be reexamined.
4lso, considering our data, we have some doubts about the linear inter-
polation with height as applied in IRI in daytime.

(ii) ks far as the magnitude of electron temperature is concerned,
a solar cycle dependence is clearly observed in the data at KSC, which
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is probably a typical location at low geomagnetic latitude. ThHe com-
parison shows that the model temperature is rather low generally. Also,
the peak in the electron temperature profile in the equatorial F-region
as given by IRI occurs at rather high altitude compared with KSC data
and, possibly, the Jicamarca data. The height of the minimum in the
temperature profile, however, agrees nicely with-the data of both sta-
tions. : ‘

(iii) The rate of temperature decrease with height in the F-region
is fairly small in daytime., It is shown in Figure 5 for KSC. The compa-
rison with Jicamarca data gives the same conclusion. Our intercompari-
son analysis of the AEROS-B and TAIYO data also shows that the gradient
of the profile should be reexamined.

5, Conclusions

The electron temperature profile in IRI 1978 was based on incoherent
back scatter data as well as th& AEROS-A satellite data., Reliable data
on electron temperature profiies obtained by sounding rocket were pro-
bably scarce when the work for IRI started. 4s a result, the profile
in the bottom side was not derived from measured data. iAs for the solar
cycle effect, it was assumed in IRI ,that no clear solayv cycle effect
existed. At KSC, however, some clear solar cycle effects have been re-
cognized.

To improve IRI 1978, it is necessary to use more data sources, parti-
cularly from the many sounding rocket ranges as well as incoherent scat-
ter statitns shown in Pigure 1. The electron temperature measurement
technique has become quite reliable in recent years. The electron tem-
perature profiles which have been obtained at widely distributed rocket
ranges should be used for improving the IRI profile,

Editor's Note: The reason why no seolar cycle effect was assumed in IRI
was that the only incoherent scatter station with a long series of re-
gular measurements, Millstone Hill, shows no clear cycle effect at all.
It may, however, be that different:conditions exist in the eguatorial
region.
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2.1.% Verification of the International Reference Ionosphere on Electron

Temperature Profiles Cbtained by Various Vethods below 200 km

Yu.K. Chasavitin and N.M. Klyueva

USSR State Committee for Hydrometeorology and Control of
Natural Environment, Moscow, USSR

Abstract: ZFlectron temperature profiles of IRI have been compared with
e Te profiles obtained in Volgograd and other middle latitude sites

by probe and incoherent scatter techniques, and with some empirical mo-
dels of Te developed independently of TRI. To establish the latitude
range in-which IRI can be used, the model Te profiles have been compared
with the corresponding experimental profiles obtained at high and low
1atitudes. As a result of such comparisons, the defects of a model are
noted and its feasibility under different geophysicael conditions is
considerd.

1, Introduction

The International Reference Ionosphere (IRI-1978) /Rawer, 1977; Rawer
et al.,, 1978a,b/ is the most complete empirical model available at pre-
sent. 1t presents space-time variations of ionospheric parameters in
analytical form. The comparison of parameters given by IRL with experi-~
mental data obtained under appropriate conditions, and with data from
models other than IRI is of great interest. This paper describes a com-
parison which has led to conolusions concerning the reliability of IRI
under various geophysical conditions, for electron temperature parameters
only.

2, Comparison with the Experimental Data (Middle Tatitudes)

IRI-1978 and some experimental results are compared on the basis of
a large mass of electron temperature data, which has already been des~-
cribed and analysed, obtained using rockets and incoherent scatter in
the 1oo to 200 km height region /Chasovitin and Klyueva, 1975; Klyueva,

1978/. To test IRI, 50 Te profiles have been selected from these data.

Nearly half of them were obtained from Volgograd KR-12 rocket ascents
/tndreeva et al., 1971; Chasovitin et al., 1974; Klyueva et al., 1978/;
the remoinder stems from Kagoshima, Wallops Island, Cape Kennedy (rocket
data), and Millstone 49ill, St. Santin and Lrecibo (measurements by
incoherent scatter). The profiles were randemly selected for guiet and
weakly disturbed days (Kp< 4), but m inly with regard to different sea-
sons and times of day. For every experimental electron temperature pro-
file Te a model profile Tem calculated from IRI-1978 /Rawer et al.,
1978a/. For the comparison the deviations of the experimental from the
model values of Te at fixed heights are calculated as

§Te = (Te - Tem) / Tem

The results for three heights between 130 and 200 km are given in Fi-
gure 1. A1l the data are grouped according to the solar zenith angle
intervals (% ) shown in the Figure and the values of §Te are related

to the mean value of X for this set of experiments. The points in Figure
1 show the data for different stations without regard to the season,
since no important peculiarities have been identified with various sea-
sons. We arrive to the following conclusions: The &Te values at 130 km,
based on probe measurements, display great scatter and they exceed the
values from incoherent scatter by considerabel amounts. This reflects

a well-known fact that, at lower heights, the probe electron temperature
data exceed the Valgfs measured by the incoherent scatter technigue.

The mean values of Te {curve 1) calculated only from probe measure-
ments for X <1150 range between 4o and 8o%. The incoherent scatter data
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are close to those of the model, and the mean values of dTe (curve 2)
are approximately zero. This is natural, because, in the model, Te and

™n were assumed to be equal at 120 km (Tn is the neutral gas model tem-
perature) and, as is known, incoherent scatter measurements at lower
heights give Te values close to In. There is no grest difference between
probe and incoherent scatter data at 16c and 190 to 200 km, and there-
fore all the data are considered together. The followin§_feature was
noticed in the daytime at X <40° : positive values of Te dominate for
the stations situated at geomagnetic latitudes ¢ greater than 409,
whereas negative or almost zero values are characteristic of lower lati-
tude stations ( ¢ < 40°). The mean values of JTe calculated separately
for the first and the second group of stations (marked 3 and 4, respec-
tively in Figure 1) illustrate this feature which we shall explain below.
Tt should be noted thzt in these height regions, there is satisfactory
agreement between the IRI and experimentsl data in the 40° to 759 range
of zenith angle; most of deviations are within the limits of scatter of
the individual Te values. In other intervals of X the agreement is worse,
but nearly 8o% of the deviations are within the range of permissible
scatter. To illustrate this, the experimental and model profiles of elec-
tron temperature for different stations and various geophysical condi-
tions are shown in Figures 2 and 3, These profiles confirm theé peculia-
rities and conclusions pointed out above.

3, Comparison of liodels (Fiddle Latitudes)

The IRT model has been compared with other empirical electron tempe-
rature models for middle latitudes, which have been developed independently
of IKI. The dependence of Te on the solar zenith angle at fixed
heights was determined for various models. Nodels /Chasovitin and Klyueva,
1975; Klyueva, 1978/ based on probe rocket and .incoherent scatter mea-
surements obtained in the range of the 20° to 53%° geomzgnetic latitudes,
and also a mode? derived from St. Santin incoherent scafter date /Delins-
kaya et al., 1976/ have been compzréd with IRI, it heights greater than
140 to 150 km, electron temperature models based on probe data /Chaso-
vitin and Klyueva, 1975/ and on incoherent scatter data /Xlyueva, 1978/
only differ slightly from each other so that both could be combined
to one more general model. The dependence of electron temperature on the
solar zenith angle in summer for these models and for IRI is shown in
TFigure 4; the results are similar for other seasons. From Figure 4 it
leads us to the following statements: At 1%0 km all the models nearly
coincide except for model IV, based on probe data (curve 2), which usu-
ally overestimates the electron temperature, especially when X = 60 to
100°. 4t high altitudes the dependence of electron temperature on the
solar zenith angle has peculiar features for different models, Thus, Te
increases by 350 K in IRI at 200 km in passing from night to day forx
¢ = 510 and 430 (geomagnetic latitude, curves II and III) and nearly
by 8oo K for ¢ = 29° (curve I). For model curve IV, which can be regar-
ded as an average. for the range P = 20 to 50°, the electron temperature
variation from night to day at the same altitude is 7oo K. This varia-
tion and the dependence of Te on X agree with model I and differ from
models II and III. In model V for St. Santin, in passing from night to
day at 200 km, the electron temperature increases by 900 K, which is in
contrast to the variation for curve III of IRI, though this curve corres-
ponds to model V. Thus, at 200 km in the daytime, curve IV is in satis-
factory agreement with curve I (¢ = 29°), whereas curve V is not; all
these curves differ greatly from curves II (¢ = 510) and III (@ = 430).
In reality curve V ought to have been in agreement with curves II and
ITI which relate to similar geomagnetic latitudes, and curve IV ought
to lie somewhere between curves I and II. At this altitude at night,
curves II, III, IV and are in satisfactory agreement, whereas the elec-
tron temperatures of model I are somewhat lower. The above features are
also observed at 160 km. The features described in this paper are con-
firmed by the analysis of electron temperature profiles appropriate to
the models under consideration (Figure 5). From all this we conclude
that IRI at middle geomagnetic latitudes does not correctly reproduce
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the transition of electron temperature in paessing from night to day;
near ¢ = 40 to 50° the values of Te are underestimated in the daytime
(mostly in summer). It cam further be noted that the electrdn tempera-
ture variations for IRI are very small (curves I and II) in passing
from winter to summer, even though the solar zenith angle varies from
630 to 170, This is in contrast with the data obtained from the other
models, according to which Te at 200 km, varies by 2oo to 300 K.

4, Latitudinal Elec¢tron Temperature Variations

To study the accuracy of IRI at different latitudes, the electron
temperature model values have been compared with the experimental data
obtained in different latitude zones. Tor this purpose, latitude varia-
tions of Te have been calculated from IRI at fixed heights, &t noon and
midnight, along the geomagnetic meridiah A = 0°, Bguinox data are shown
in Figure 6 (curves 1); for other seasons electron temperature values
differ only slightly as mentioned above, and a similar latitude depen-
dence is observed. Figure 6 shows that the electron temperature at noon
suddenly changes at ¢ = 40°. This is associated with the sudden change
in the IRI-parameter H, in the daytime at this latitude, which is ceu-
sed by the transition from the fromulae for the ypper to those for the
lower part of ionosphere: H, equals 2po km at ¢ < 400, and 350 km at
¢ >40°, Generalized electron temperature data from the sources referred
to in para 3 above were analyzed for stations located in the geomagne-
tic latitude range 20° to 53°" in order to find evidence for the exi-
stence of such discontinuity at @ = 40°. Mean values of Te for these
stations and appropriate conditions are given in Figure 6 and are

umbered 1 to 5. It is seen that there is no discontinuity in the mean
values at ¢ = 40°, which are greater than those of IRI in the geomagne-
tic latitude range 40° to 50°. Thus, the IRI daytime model at 3 = 400
to 50° does not represent the true latitude variatien, and leads to
electron temperatures which are too small, From Figure 6, one can. see
that the features described in sections 2 and 3, as well as the defects
of the model, can be explained by the discontinuity wentioned above.

In Figure 6, the plots marked III and IV give electron temperatures
obtained at high latitude (Fort Churchill) /Chasovitin and Klyueva,
1978/ and low latitudes, respectively. Comparison with Te model pro-
files is shown in Figures 7 and 8; the piois marked IV in Figure 6
pertain to experiments 1, 3 and 7 in Figure 8. Figure 7 shows the ex-
perimental profiles of Te obtained from Heiss Island /Chasovitin and
Elyueva, 1978/, and Figure 8 shows the rocket profiles obtained at low
latitudes; both Figures also give the appropriate profiles of IRI.
Naturally, when making comparisons with isolated experiments, it is
impossible to draw firm conclusions about applicability. of the IRI at
high and low latitudes; we shall just give a rather tentative summary:
In some cases, in polar regions, the Te model profiles are in satis-
factory agreement with the experimental profiles selected for gquiet
and weakly disturbed conditions., This agreement is most commonly ob=-
served at X >90°; in other cases, electron temperature experimental
values can be 1,5 to 2 times greater than the model values, or even
greater., Data for low latitudes given in Figures 6 and 8 show that
satisfactory agreement between model and experimental profiles is
sometimes observed, preferentially with solar zenith angles between
700 and 90%. The greatest differences (by a factor of 2 or more) were
observed at small zenith angles. We feel that the particuler conditions
in the polar and equatorial ionosphere should be studied further.

5, Conclusions

Having compared electron temperature profiles of IRI-with experi-
mental data and some other models, we can draw the following conclu-
sion: IRI is in a rather good agreement with the experimental data in
the geomagnetic latitude range 20° to 559 at 140 to 200 km for solar
zenith angles 40° to 75°. Under these conditions, the majority of the
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differences are within the range of 2o% to 30%. The agreement is
worse for other zenith angles, but still nearly 8o% of the devia~
tions are in the range of permissible scdttering. 4t night, IRI is
generally in satisfactory agreement with other models, Electron tem-
peratures given by IRI in the daytime at § = 40 to 50° are incorrect;
this arises from discontinuity<in the Hy parameter at ¢ = 40° at the
transition from one formula to another, so thet in this range the
latitudinal variation is not correctly reproduced. There, the model
values are greatly underesiimated, particularly near noon, and the
electron temperature variations in passing from night to day are too
small. However, the elimination of this fault will provide a better
agreement with other models, The IRI gives only small variations of
electron temperature in pessing from winter to summer at the same lo-
cal time, this is in disagreement with the experimental data for the
daytime,
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Fig. 3
Relative deviations of experimental electron temperature values from
model values at three fixed heights and various intervals of zenith
angle. 1I: Volgograd; II: Wallops Island and Cape Kennedy;
IITI: Kagoshima; IV: Millstone Hill and St. Santin; V: Arecibo;
VI: Mean values.

Experimental electron temperature profiles for middle ( >40°) latitude
stations. 1 and 3: Millstone Hill [Evans, 1970; Roble et al., 1978];
2, 4 and 7: Volgograd [Andreeva et al., 1971; Chasovitin et al., 1974];
5 and 6: St. Santin and Wallops Island respectively [Carr et al.,

1967; Pharo et al., 1971]1; 1', 2' ... 7' represent the corresponding
profiles given by IRI-78.

Experimental electron temperature profiles for middle ( >49°) latitude
stations. 1, 2, 3 and 5: Kagoshima [Hirao & Oyama, 1972; Oya et al.,

1970; Watanabe & Obayashi, 1977]; 4, 6 and 7: Arecibo [Mahajan, 1967];
1', 2' ... 7' represent the corresponding profiles given by IRI-78.
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Fig. 6

fixed

I:
IT:
I1L:
Iv:
V:

heights in summer (¢ latitude, X longitude, ¥ geomag. latitude}.
IRI-78, ¢ = 40°, June, R = 60, X = 100° ( ¢ = 29°):

IRI-78, ¥ = 40°, June, R = 60, X = 280° ( ¢ = 51°):

IRI-78, ¢ = 40°, June, R = 100, X\ = 2° ( ¢ = 43°):

Models (5, 9);

Model (2).

Note that for 130 and 160 km Models II and III are coincident. At 130 km the
curves marked 1 and 2 are based respectively on incoherent scatter and probe
data but, at 160 and 200 km, the full lines are based on a generalized model.

Model electron temperature profiles for winter and summer at noon and mid-
night. Key to identification of the curves:
I: IRI-78, ¢ = 40°, R = 60, December
1: ¢ = 100° ( ¢ = 29°), midnight;
S 2 ¢ = 280° ( ¢ = 51°), midnight;
4: ¢ = 280° ( ¢ = 51°), noon
6: ¥ = 100° ( ¢ = 29°), noon
II: IRI-78, ¢ = 40°, R = 60, June; 1, 2, 4 and 6: as for I above.
III: IRI-78, ¢ = 40°, R = 100, June. ‘
8: A=2° ( ¢ = 43°), midnight;
9: as for 8 above, noon.
1v: Models (5, 9).
3: Midnight, winter and summer;
5: Noon, winter; 5a from probe data; e oo 4 L]
7: Noon, summer, 7a from probe data. ssm &
V: Model (2). . IQDOLHT,‘"//ﬁT « i
8: Midnight; X 2 15 T ]
10: Noon - /’/_..--—' ------ -3
Variation of electron temperature with lati- A7 e T
tude along the meridian X = 0°, at noon and 7 et B
midnight during the equinox. =T o -
0000 (MT Al
I: IRI-78, R = 100, September; i : \
II: Mean values of Te at: . mfZ’ L?L-fw i
L: Kagoshima; 2: Arecibo; 3: St. Santin - K. 3
4: St. Santin (2); 5: Millstone Hill (5,9). 7 5| 8 ]
III: Experimental data from Fort Churchill (6) i PN e
Iv: Experimental data from low latitudes. ____/’ 4
The noon and midnight values are indi- 0 ooooLT Y
cz%ted by white and black points respec- Iom I78 z 16300 w1/e
tively. Fig. 6
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Fig. 8 Electron temperature profiles.

1 to 7:

Rocket profiles obtained By the research ships "Professor Zubov"

and "Professor Vize" at the following locations:

1. O1°39'N, 24°10'W 4, 16°59'N, 28°IL0'W

2. 02°34's, 24°56'W 5. 16°59'N, 28°10'W

3. 00°11's, 24°24'W 6. 16°39'N, 28°06'W
1’ to 7': The corresponding IRI model profiles.
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2.1.4 Electron Temperature Modelling in the F-Region and Topside

of the Ionosphere: A Proposal for Improving the IRT

K.K. Mahajan and V.K. Pandey

Radio Science Division, National Physical Laboratory,
New Delhi - 110012, India

Abstract: The electron temperature (Te) model in the International
Reference Ionosphere gives an average behavior of Te in the altitude
range 200 to 1ooo km at all latitudes., The model is based on the la-
titudinal profiles of Te, obtained from the AEROS-A measurements,
combined with standard height profiles from various incoherent-scatter
stations. The IRI does not include any effects due to solar activity,
seasonal and day~to-day changes in Te and variable electron density Ne.
From incoherent scatter Radar and satellite probe measurements, it is
now well known that large day-to-day and seasonal changes occur in Te
in the F-region which are due to changes in Ne. In the topside, Te
exhibits large solal activity andday-to-day changes because of changes
in the heat flux (@) conducted down from the protonosphere. The heat
flux is, however, now known to be related to changes in electron con-
centration at heights around 4op km in the .opside. ionosphere. Empiri-
cal relations between Ne and Te in the F-region, and Ne and $c in the
topside, are now available for low as well as high solar activity con-
ditions. These relations are used to compute model Te values which are
compared with measurements. A4 good agreement is seen between these mo-
del values and the measured values. It is proposed that these empiri-
cal relations be incorporated in the IRI for modelling Te.

1, Introduction

The International Reference Ionosphere (IRI) compiled by Rawer et.
al. /1978a/ provides a continuous description of the main plasma pa-
rameters describing the ionosphere in space and time. Basically IRI is
an electron density model; however, it also contains representative
vertical profiles of other physical parameters' characterizing the iono-
spheric plasma such as electron temperature, ion temperature and the
relative ion composition.

The electron temperature (Te) model in the IRI represents an average
behavior of Te as a function of altitude and latitude. It is based on
the AERCS-A satellite measurements reported by Spemner and Plugge /1978/,
together with the standard height profiles obtained from the incoherent
scatter measurements at various observatories. The IRI, however, does
not include solar activity, seasonal, diurnal and day-to-day changes
in the electron temperature, which have been seen by many workers in
the past. The solar activity effect in the topside Te,. for example,
has been identified by Brace et al., /1968/ and by lMahajan and Fandey
/1979/. The seasonal changes in Te in the F-region have been reported
by Evans/M973/.Diurnal and day-to-day variability in Te has been seen
in both the satellite and radar measurements made by many workers,

Thus, in view of the above effects, which -cause large vari-
ability in Te, the -IRI model for Te needs to be improved.

However, in addition to the IRI, there are at present three more
empirical models for electron temperature given by Mehajan /1977/, Brace
and Theis /1978/ and Mahajan and Pandey /1980/. The first two models
are limited to the FP-region altitudes, and are based upon the observed
negative correlation between Ne and Te. The empirical models of daytime
Te given by Mahajan /1977/ is based on the incoherent scatter radar
measurements of Ne and Te at Arecibo and St. Santin for low and medium
solar activity conditions. The model of Brace and Theis /1978/ is based
on langmuir probe measurements on AE-C satellite for sc¢iar minimum con-
dition. The electron temperature model of ‘Mahajan and Pandey /1980/ is
for the topside ionosphere where the negative correlation observed
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between the protonospheric heat flux (fc) and topside Ne has been
uced as the basic input. This paper combines the F-region and the
topside Te models of Mahajan /1977/ and Mahajan and Pandey /1980/
to give a model for heights between 200 and 1ooo km for periods of
low ¥(10.7) = 75 and medium F(10.7) = 150 solar activity conditions.
The model is valid for low and mid-latitudes.

2, Physical Mechanisms Controlling Te

The electron temperature Te, in the ionosphere is sensitive main-
1y to three physical processes, namely electron heating by photoelec-
trons, electron cooling by heat transfer due to conduction /Banks,
1969; Schunk and Nagy, 1978/. Ia the F2 region, for heights between
200 to %00 km, the effects of thermal conduction are rather small
and the heating rate is proportional to the concentration of thermal
electrons (Ne), while the cooling rate is progortional to the produect
of electron and ion ccencentration (i.e. to Ne¢). As the heating and
cooling rates are nearly equal, it is obvious that between 200 and
%00 km Te must be inversely proportiocanl to Ne, as has been seen from
several experimental measurements /Mahajan, 1967, 1977; Waldteufel,
1971; Spenner and Wolf, 1975; Prolss et al., 1975/. We have used the
We-Te relationship observed by Mahajan /1977/ to generate tables of
Te for various values of Ne for heights between 200 and 3oo km. Tables
1(a) and 1(b) reproduced as Figures 1(a) and 1(b) give the values of
Te for low and medium solar activity conditions, respectively.

Lbove about 300 km, the heat conducted down from the protonosphere
{$c) vecomes a mejor influence in determining Te /Geissler and Bowhill,
1965; Bvans and Mantas, 1968; Mahajan and .Pandey, 1979/. The heat flux
fc is related to the energy spectrum of the photoelectrons escaping
from the F-region. As the energy spectrum of these photoelectrons de-
pends on the concentration of electroms in the escaping region, it is
expected that Pc will be inversely related to Ne in the escaping re~
gion. This indeed has been observed by Mahajan and Papdey /1980/, from
various incoherent scatter radar measurements of Te and Ne, who deve=
loped following empirical relations between Ne and @c at 4oo km in the
topside ionosphere for different solar activity conditions:

Low solar activity:

$. = (7.42)-10% - (2.94)-10% + %, (1

Medium solar activity:

s

- (2.33)+10'0 = (4.08)-10% « Ny 5 N, < 5.2 10°

¢ A (2)
° 9 5
= 2,0 *» 1o 3 Ny > 5.2 + 1o

where ¢C is in units of eV em™?s™' and N, is in em™.,

3, The Modelling Procedure

The application of the model requires a knowledge of the electron
concentration profile between 200 and 4oo km. Once the Ne-h profile
is known, the following steps are taken:

1. Electron temperature is read in Tables 1(a) and 1(b), in the
height range from 200 to 300 km, for the observed values of Ne and
interpolated for the appropriate condition of solar activity.

11. Heat flux @c is obtained from Equatioms (1) and (2) with the
particular value of Ne at 4oo km,

TII. Having obtained Te at 300 km from step (I) and @fc from step
(11), the temperature gradient (dTe/dh) is obtained at 300 km from:
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B, = 1.7 - 10° Te5/2 (dz_/dn) « sin T (3)

IV. The temperature gradient at 300 km is used to calculate Te
at a height . Ah above 300 km.

V., By assuming that #e remains constant with height above 3oo km,
the Te profile is built up in steps ah 111 the topside ionosphere up
to 1ooo km.

The validity of this assumption and its possibie effects on the
model Te values will be discussed in Section 5.

4, Comparison of our Model and the IRI Model with Measurements

We sahll compare our model and the IRI model with some actual mea-
surements of Te made by various incoherent scatter radars. Figures 2a
and 2b show two such comparisons for St. Santin (44.6°N) and Malvern
(52.1°N) during a period of medium solar activity. The data for St. San-
£in have been taken from CNET data booklets, and for Malvern from Hey
et al., f1968/. It can be noted that the observed values of Te agree
fairly with our model. However, there are large differences between
the observed profiles and the IRI model. One can indeed pick out cases
with very low and very high Ne valubs where the disegreement with IRI
is greatest. However, when one selects a case where the Ne profile is
nearest to the average behavior, there is good agreement between IRI
and the measurements. This is demonstrated in Figure 3a which shows a
comparison of our and the IRI model with Millstone Hill (42.6°W) ob-
servations /Evens, 1969/ during a period of low solar activity. The
IRT model shows a significant disagreement with the Millstone #Hill ob~
servations /Evans, 1974/ in Figure 3b which refers to a period of me-
dium solar activity. Our model shows.an excellent agreement with the
Millstone Hill observations both in Figure 3a and Figure 3b. This was
expected because the input data used for obtaining the empirical rela-
tions in Equations (1) and (2) have been taken from the Millstone Hill
observations.

Figures 4a and 4b show & comparison of our model with observations
at irecibo (18.39N) for low as well as medium solar activity conditions.
The data for low solar activity are taken from Ho and Moorcraft /1971/,
and for medium solar activity from Hagen and Hsu /1974/. The IRI model
is also shown and it gives values for Te that are lower than those for
Arecibo at low solar activity, and higher &t medium solar activity.

5, Discusgion

In developing the present model based on the negative correlation
betiween Ne and %c, we have assumed that the protonospheric heat flux
observed at 4oo km remains constant at the altitudes of interest (viz.
300 to 1ooo km). This assumption is not strictly correct as the proto-
nospheric heat flux varies with altitude. Thus, the present model needs
to be improved so as to take into account the variation of @c with
height in the altitude range 300 to 1ooo km. This feature is demonstra-
ted in Figure 5, which shows the comparison of the Te profile observed
at Millstone Hill (Evens, private communication) with that obtained
from a constant and an altitude dependentprotonospheric heat flux. i

is quite clear that, in the topside ionosphere, the observed Te profile
agrees better with the Te profile obtained by varying fc with height.

The present Te models provide Te for two specific levels of solar
activity, namely low and medium. For intermediate levels of solar acti-
vity, a detailed correlation study is needed between Ne and Te in the
F-region, and Ne and fc in the topside.(to estimate Te for intermediate
solar activity by interpolating between the model Te values for low
and medium activity). The above models ought yet to be extended to high
solar activity (F(10.7) = 200).
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The present models are applicable only to middle and low (but not
to equatorial) latitudes where the thermal conduction plays a major
rdle in controlling the Te profile. Because the nearly horizontal
magnetic field lines at equatorial latitudes inhibit the heat flow,
the behavior of the equatorial ionosphere is appreciably different
from that deduced from measurements at middle latitudes.
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Fig./Table 1la. Low Solar Activity (F(10.7) = 75)

Ne/105 cm™3
Height
km 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
200 2080 1800 1530 1260 290 860 860 860 850 850
210 2140 1850 1610 1340 1130 970 940 920 920 890
220 2200 1900 1690 1430 1270 1070 1020 280 260 920
230 2250 1950 1760 1540 1400 1170 1110 1040 990 950
240 2300 1990 1820 1640 1500 1280 4200 1100 1030 970
250 2330 2040 1890 1720 1590 1390 1280 1170 1060 990
260 2350 2080 1950 1800 1650 1490 1230 1210 1080 1000
270 2340 2120 2000 1870 1670 1520 1270 1190 1080 1010 ’
280 2330 2150 2050 1920 1680 1530 1280 1140 1070 1020
290 2320 2180 2090 1950 1680 1520 1280 1100 1040 1020
300 2310 2190 2120 1960 1650 1510 1260 1060 1030 1030
Fig./Table 1b. Medium Solar Activity (F(10.7) = 150)
Ne/105 cm™3
Height

200 1670 1610 1550 1520 - - - - - - - -
210 1860 1800 1720 1680 1620 1550 1500 - - - - -
220 2020 1920 1890 1840 1760 1710 1670 1610 - - - -

230 - 2120 1980 1970 1910 1870 1870 1740 1680 1610 - -
240 - 2270 2130 2140 2050 1980 1930 1820 1790 1710 - -
250 - - 2310 2230 2150 2070 2000 1930 1850 1780 1700 1640
260 - - 2380 2300 . 2220 2130 2050 1970 1870 1800 1720 1660 :
270 - - 2450 2330 2240 2150 2060 1960 1860 1760 1660 1600
280 - - 2490 2360 2260 2160 2070 1930 1780 1710 1620 1550
290 - - 2510 2370 2250 2140 2060 1870 1730 1630 1550 -

300 - 2670 2530 2380 2240 2130 2030 1810 1690 1560 1550 -

Fig. 1 Model of Te as function of Ne/1011m'3 and height, for low and
medium solar activity.

[y
ot
ot




Tty T T T T
SRNT SAnTIN
HUNE 28, 1969

AVERRSE QRYTIZE

HEGUN SOLAR ACTIVITY

o~ I 700~ .
!
i
€ eoof~ - ec0f- _
< l"——f PRESENT MODEL
> ; L 4 Fig.
,f’ 500 800 ge 2
2 o 400}~ .
300 300 -
200 2004~ -~
WOl ot s Lo} 0t 5 4 1 159/ 2 1 1 ] i b3 A
400 00 RWOD 1600 2000 00 2800 3200 1€ag m 200 2800 3200
- Electron Temperature /K
LA R B Mt M B it a LIS S B S M N S | T
MILLSTORE HILL UILLSTONE HiLL
JULY, 1969 AUG. 14-15, 1969
AVERAGE DAYTIME AVERAGHE DAYTIME
LOW SOLAR aCTiVIYY REDIM SOLAR ACTIVITY
g ] PRESENT 70051.-—/
‘Z’ 4 oBsERVED—f—— -+ Fig. 3
£ ]
X
wab—td b 1 1.2 L |, PR T AN W WO ST WO IR O I B
1600 2000 2400 2800 3200 1200 1000 2000 2400 2600 3200 3600 €000
Etectron Temperoture /K
T T 7T 77 LA B R B A R B N B 900 P T
AREC180 ARECIBO . MILLSTONE HILL
DEC.8, 1965 FEB. 10-11 , 1972 goop— APRIL 25-27,1975 -
DAY TIME DAY TIME F
LOW SOLAR ACTIVITY MEDIUM SOLAR ACTIVITY CONSTANT ﬂc ] I.,
700} ' -
: VARYING Fe —71

8001 presENT MODEL —f T PRESENT MODEL 7 1/

1 ; 600 - OBSERVED ]

e T OBSERVED ] €

< 4 N 500 .

> 600 + X - =

‘° , .g

& so0- T /'— R4 2 o0 / .

400 T 7 30U ¢ =
300, -4 -
200 4

200} -+ - /

|M|Inl|l|l:;|!|lnl1l|l 100 | ST S TN WS CHNN WO DU SRR W {
1600 2000 2400 2800 3200 800 1200 1600 2000 2400 2800 O 800 1600 2400 3200 4000 4800
Electron Temperoture /KK Electron Temperature /K
Fig. 4 "Fig. &

Fig. 2 Comparison of our model and the IRI model with actual Te measurements
at- (a) St. santin (44.6°N) and (b) Malvern (52.1°N) during a medium
solar activity period.

Fig. 3 Comparison of the Te profiles obtained from the present model and the
IRI model with the observed Te profile for Millstone Hill (42.6°N)

: during (a) low and (b) medium solar activity conditions.

Fig. 4 Comparison of the Te profiles obtained from the present model and the
IRI model with the observation at Arecibo (18.3°N) during (a) low and
(b) medium solar activity conditions.

Fig. 5 Comparison of observed Te profile with Te values obtained by using

constant and altitude varying conduction flux.
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2.1.5 Estimation of a Model Electron Temperature Distribution

based on Absorption Measurement

K.B. Serafimov

Central Laboratory for Space Research, Sofia 1ooo, Bulgaria

Abstract: A method was suggested for determining the electron tempe-
rature profile using measurements of the cosmic noise absorption. This
method needs supplementing with additional information from various
other measurements. A combination of A2-absorption measurement, iono-
gram and the IRI model opens another way for checking IRL Te-profiles.

Cosmic noise absorption, measured by the £-2 method, gives an op-
portunity to arrive at an absolute determination of the vertical pro-
file of the electron temperature in the ionosphere, if some shape is
assumed. From the expression for the absorption A in a thin plesma (i.e.
by electron-ion collisions) we find:

A = _z-—C;nSt ﬁ:ez 2 73/2 gn (1)

Given an independent measuremént of electron density Ne, we can ob-
tain-the electron temperature Te with sufficient precision in the near-
maximum part of the FZ-layer. With Serafimov and Kutiev /1979/, for
Te(h) we assume a profile conisting of two linear sections, thus charac-
terized by four parameters a to d. With this model we find an equivalent
mean value of Nec for the above integral. Pulling this averaged factor
before the integral we can solve the remaining integral (with our Te-
profile)in closed form /Nestorov and Serafimov, 1963/ which gives one
relation between a to d containingA.

We still neéd three other relations for determining all four para-
meters & to d. One stems from the coincidence of Te with the neutral
temperature Tn at the lower boundary (h = 106 km), another one from the
transition between the two model lines /Serafimov and Kutiev, 1979/.
The additional information still needed is taken from an in situ measu-
rement by 2 suitable satellite (at greater altitude). So we get a to @
and a temperature profile around the F2-peak. The most readily available
method to obtain the averaged electron density sguare is using ground-
based ionosonde data combined with a model of Ne above the F2-peak,
for example the one developed by Serafimov /1977, 1679/. IRI can be
used very successfully particularly when NmF and hmF are obtained by
ionogram reduction.

Otherwise, profiles of Te(h) and lie(h) obtained from IRI c¢ould be
used directly in Equation (1) in order to obtain a theoretical value
of the absorption for each freguency f. In this case IRI appears as a
" means for testing our use of the A~2 method.
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Section 2.2 Ton and Electron Temperatures

2.2.1 ThHe iAtmospheric Explorer C Ionospheric Temperatures:

Dependences_and Lkepresentation

L. Eilitza

praunhofer-Institut fiir Fhysikalische lesstechnik,
Heidenhofstrasse 8, D-T78o00 Freiburg, THG

Abstract: The huge amount of AE-C measurements of electron and ion
Temperatures was used to investigate their dependences on different
ionospheric parameters. This data analysis led to models depending

on eltitude, geomagnetic latitude, magnetic local time and season.

Yo longitudinal trends were visible in these data. The solar activi-
ty dependence needs further investigation, especially by combing all
exis¥ing reliable electron temperature data. These models use 96 coef-
ficients each, and represent the original data with an average devia-
tion of 8% for the electron temperature and Ty for the ion tempera-
ture.

1, Introduction

411 modelling attempts to represent ionospheric electron and ion-
temperatures have so far been restricted by the limited amount of avai-
lable data /e.g. Spenner and Flugge, 1978; Dorling and Laitt, 1076 ;
Rawer et al., 1978/. Ime to the particular satellite orbits, .there were
gaps in local time, latitude or altitude., CGround-based measurements,
which became practicable with the incoherent scatter technigque, are
restricted to the geophysical conditions of the measuring station,.

For the International Reference Ionosphere (IRI) /Rawer et al., 1978a/,
satellite and ground-based meagurements were combined to give globzl tem-
perature models. Even so, there are still some shortcomings, as shown in
Figure 1, showing the temporal behavior at 200 latitude znd 400 km alti-
tude for summer and winter. There is good zgreement at 03 h and 15 h
where AEROS-data were available for constructing the IkI model. But there
are obvious discrepsncies in the sunrise and afternoon sectors, and there
are significent seasonal changes.

2, Atmospheric Explorer C (AE-C) Data Fase

Tue to the extended mission time and the chosen orbit, the data of
the AE-C satellite is homogenous in most of the important ionospheric
parameters. Figure 2 shows that this is valid for the seasonal, tempo-
ral and longitudinal coverage, whereas the latitudinal coverage shovs
a slight preference for the northern hemisphere. The altitude coverage
exhibits two maxima at. 300 and 4o0o km. This is due to the year-long cir-
cular orbits at these altitudes, which were achieved by using the inte=
grated propulsion system. The vast majority of the measurements were
made during medium solar activity, namely in the years 1975-1977.

The measurements used in this study cover the time period from the
end of 1973 to the middle of 1978, Electron temperatures were measured
by Prace's CEP, and ion temperatures by Hanson's RPA /Radio Science,
special issue, 1973%/. A1l data obtained with these two instruments were
considered as far as they 1y inside thkg temperature range of too K to
6ooo K, and in the height range 125 to 1025 km. With these restrictions,
there remained about 630 oco electron temperature data points and 400 000
ion temperature data points; that is, about 10 times the amount of data
used for IRI-T8.
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3, Dependences on lonosyheric Parameters

The dependence on six geophysical parameters was tested: gltitude,
geomagnetic latitude, longitude, geomagnetic local time, season and
the Covington index. The geomagnetic local time is based on & magne-
tic dipole grid and is therefore the adequate time variable relating
to geomagnetic coordinates. £ short FORTRLN Computer-program for the
calculation of the geomegnetic local time, for a given Universal Time,
is listed in the Appendix. The well-known latitudinal, sltitudinal and
temporal behavior of the temperatures /e.g. Schunk and Kagy, 1978; Fi-
litza, 1979/ was reproduced by the AE-C measurements and is not further
discussed in this paper.

Iongitudinal variations as high as 4oo K have been reported by
Spenner and Plugge /1979/ for the AEROS satellite data. These were not
introduced into IRI. Figures 3 and 4 show the daytime AE-C longitudi-
nal variation for equatorial electron temperature and ion temperature
at middle latitudes. No significant longitudinal zones, altitudes and
times did disclose any characteristic variation with longitude for
either the electron or the ion temperature.

3.2 Seasonal Varistion

The importance of seasonal variation is visible in Figure 5 which
shows midday latitudinal profiles of the electron temperature at 400 km
for summer and winter. Up to about 30° latitude, the winter temperatu-
res are higher theén the summer values, For higher latitudes this trend
is reversed., This shape is caused by interhemispheric plasma flow from
the summer to the winter hemisphere, which shifts the temperature mini-
mum into the summer hemisphere. Besides this seasonal variation, there
is only a wvery slight hemispherical difference as seen in Figure 6, where
the winter profile of Figure 5 is reversed in latitude. One might, there-
fore, teke account of seasonal changes by collecting all the summer data in
¢hie hemisphere, and all the winter data Im the other ome.

3,3 Solar Activity Variation

The heat gain and loss of the electron gas both increase with in-
creasing solar activity: the gain due to the increasing solar EUV fluxes
and the loss due to the increasing electron density. For higher alti-
tudes a third term becomes important, namely the heat conduction down
from the protonosphere, which is &lso increasing due to the higher es-
cape flux of electrons. For altitudes above 500 km, Nahajan and Fandey
/1879/ have reported a general increase with increasing solar activity
for the ISIS-1 and EYPLORER 22 satellites. For lower altitudes the loss
term, which 1s proportional to the square of the electron demsity, be-
comes the dominant factor and one would expect a decrease in temperature
with increasing solar activity, But this is only true for winter when
the electron density reaches its seasonal meximum. In the summer months
the electron temperature values show a slight increase with increasing
solar activity. The same observations were reported by Fvans /1973/ for
‘Millstone Hill incoherent scatter measurements.

But this is only a simplified description and Figure 7 shows that
further investigations must be made before solar activity changes can
be included in an empirical model, This winter plot for the latitude
of Arecibo (Puerto Rico) combines AE-C and incoherent scatter data and
shows that the electron temperature seems first to increase before it
shows the expected decrease. The ion temperature stays almost constant
with increasing solar activity as is shown in Pigure 8 for middle lati-
tude at noon.
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4, Empirical Models

nased on this date analysis, all the AE-C temperatures were collec-
ted in boxes defined by the height interval 50 km, the latitude inter-
val 10° and the time interval 2 hours. 211 data measured between the
9oth and 17oth day of the year were teken as summer data and collected
from the northern hemisphere, snd all the other data from the southern
hemisphere. Cf the so defined 3888 boxes 2509 (65%) were taken in account
for the electron temperature model, and 2609 (67%) for the ion tempera-
ture model. The rest were filled with less than 50 values and were con-
sidered not sufficiently representative.

Then meen values and standard deviations (RMS) were calculated for
ezch box. The rms-percentage-deviation was, in-.general, below 15% and
rezched 30% in regions with steep temperature gredients as, for example,
for the sunrise period (geomagnatic local time: o4 h to 06 h) and for
latitudes close to 30° on both sides of the eguator. For the ion tem-
perature, the RMS-deviation is only in a very few cases higher than 20%
of the corresponding mean value, Lifferent model functions have been
tested for this data set. The best results are given by the following
functions:

- power series in cosines and sines of the geomagnetic latitude

- diurnal, semi-diurnal and tetra-diurnal cosine and sine terms of
the geomagnetic local time

- hyperbolic series of the altitude.

The $6 model coefficients for both models are listed in Tabel 1 to-
gether with the corresponding model terms.

The temperature is finally given by:
ab .
- L e/j
Te/j / K = 1ooo 2_1 2y fj

The average percentage deviation from the AE-C mean values is 8% for
the electron temperature and 7% for the ion temperature. Figures 9 to 11
show these models together with the AE-C mean values and the RMS-devia-
tions. Figure 11 shows the very good representation of the different
electron témperature/altitude profiles. In Figures 1o and 11 latitudinal
profiles for the electron and ion temperature are presented, The sea-
sonal variation (= interhemispheric variation) given by the AE-C data
is well reproduced by our models for both sets of temperatures.

The validity range is about -60° to +60° geomagnetic latitude. Above
these latitudes the day-to-day variations become so large that other
influences have to be considered before further empirical modelling can
go on.

Iiscussion remark:

K.K.Mahajan pointed out that in the F-region as well as in the top-
side ionosphere electron temperature is finally controlled by the elec-
tron density though heat flux down from the protonosphere dominates at
greater heights.
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Fig. 5 Latitudinal profiles of the electron temperature at 400 km altitude
during noon for summer and winter (AE-C data).

Fig. 6 Interhemispheric differences of the electron temperature after the
exclusion of seasonal effects (same as Fig. 5 with the winter
profile reversed in latitude).
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Fig. 7 Solar activity variation of the electron temperature during noon at
400 km altitude including AE-C and Arecibo data.

Fig. 8 Solar activity variation of the ion temperature during noon at 400 km




height/km

800 |- 4
600 - “
« 3000
~
@
[
2
<]
400 b 4 2
2 2000
3
&
[~
e
ket
200 - % 1000
geom. lat. AE-C Model -
0-10 o - = height 7km: AE-C Model
40-50 o B 175-225 o —-—— geomag. local time : 10-12
magnetic local time: 12 -14 375-425 o _—
1 I i 1 1 | 1 L
1000 2000 3000 - 60 -30 0 30 60
electron temperature / K geomag. latitude

Fig. 9 Fig. 10

Fig. 9 Model and AE-C mean values for the electron temperature at noon for
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Fig. 10 Model and AE-C mean values for the electron temperature during noon
at 200 and 400 km altitude.
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Table 1

Model coefficients for electron and ion temperature

e
a

I
a

electron temperature ion temperature model functions fj
1 -.3358740E 03 .990628LE 00 1 x = h/100
2 -.6412821E 01 -.30L49664LE 01 /X
3 -.3203497E 00 .2382582E 01 1/(X=X) h = altitude/km
h .5127223E 01 .1237424E 00 1/ (XaX+X) :
5 -.1328166E 01 .3638997E 01 cosz¢ = geomagnet iq
6 .3381968E 03 -.76456L6E 00 cos3¢ latitude
7 .1846130E 01 -.1368674E 01 cos”@
8 .1495915E 02 .2194481E 02 cos @ e cos q
9 .1333760E 02 .1832292E 02 cos.Besing q= t/24.360
10 -.3689317E 02 -.4668504E 02 cos,@ s cos q
11 -.2199329E 02 -.3767337E 02 cos P esin g
12 - .4388884E 01 -.4113288E 01 cos @ « cos 2q t = magnetic
13 -.2570671E 01 ~.2267290E 01 cos3¢ s sin 2q local time
14 .2043260E 02 .2320683E 02 cos,f e cos q
15 .7914203E 01 .1930351E 02 coss@ e sin g o1
16 .4313878E 01 .3755526E 01 cos.f@ » cos 2q
17 .2522843E 01 .1722568E 01 cossff s sin 2qg
18 .2000630E 00 .5006589E 00 cos,f « cos 3q
19 .3632239E-01 .5322000E 00 cos”"@ esin 3q
20 .3215081E 00 .6470600E 00 sin @
21 -.1398544E 00 -.3039238E 00 sin @scos q
22 -.3505225E 00 -.254280LE 00 sin2¢ «sin g
23 .3398679E 03 .1211601E 01 sin,@
24 -.6815014E 00 -.30913L3E 01 sin,@ s cos q
25 -.2000354E 01 -.2566834E 01 sin @esin g
26 .6978825E 00 .7315934E 00 sin,@ e« cos 2q
27 .2200378E 00 .2842279E 00 sin“@ «sin 2q .
28 -.2771191E 02 - 4745862E 02
29 .8632736E 02 .4056699E 02
30 -.6638417E 02 -.187976LE 01
31 -.3195663E 02 -.1266817E 03
32 -.1086786E 03 -.1324840E 03
33 .8739856E 02 .2734424LE 03
34 .1427998E 03 .2631538E 03
35 .4007463E 02 .3151476E 02
36 .2082120E 02 .1272292E 02
37 -.4427658E 02 -.1368709E 03
38 -.2432663E 02 -.1298712E 03 N o 1/X
39 -.4255315E 02 -.2962019E 02
Lo -.2277191E 02 -.8841489E 01
I .1035672E 01 -.3144746E 01
42 -.4085L62E 00 -.4010081E 01
L3 -.1762616E 01 -.h163472E 01
Ll .4568237E 00 .1973166E 01
Ls .3213736E 01 .2509285E 01
L6 .0000000E 0O .0000000E 00
L7 -.1035548E 02 .1688126E 02
L8 .2119308E 02 .1918030E 02
‘L9 -.7373666E 01 -.5476406E 01
50 -.1095351E 01 -.1097859E 01
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Table 1

cont.

e
a

i
a

electron temperature | ion temperature model functions fj
51 .1501077E 03 .1261199E 03
52 -.3831550E 03 -.1232017E 03
53 .2700867E 03 .2137534E 02
54 .2994405E 01 .2337860E 03
55 .2448044E 03 .3024512E 03
56 -.3910170E 02 ~ -.5203628E 03
57 -.2551194E 03 -.5856938E 03
58 -.1021360E 03 -.7574243E 02
59 -.5999553¢E 02 -.2518782E 02
60 .18282L6E 01 .2655803E 03
61 -.1845251E 02 .2797507E 03 " -1/X2
62 L1114461E 03 .7286549E 02 '
63 .6783919E 02 .1661172E 02
64 -.4451051E 01 .6416303E 01
65 .4171057E 00 - .9509613E 01
66 .5200229E 01 .9681511E 01
67 -.1145819E 01 -.3735500E 01
68 -.8138241E 01 -.6785177E 01
69 | .0000000E 00 .0000000E 00
70 .3575121E 02 -.2804993E 02
71 -.5467485E 02 -.4452098E 02
72 .1791576E 02 .1263747E 02
73 ¢ .2654136E 01 .1425881E 01
74 -.1577780E 03 -.1011870E 03
75 | .3836948E 03 .1079866E 03
76 -.2611238€ 03 -.2678857E 02
77 .1395706E 02 -.1368674E 03
78 -.1548326E 03 -.2138656E 03
79 - -.1102847E 02 .3156904E 03
80 .1077704E 03 .4053516E 03
81 .7696506E 02 .5597430E 02
82 .5392638E 02 .1772145E 02
83 .2334969E 02 -.1645084E 03
84 .7063438E 02 -.1878884E 03 " 01/X3
85 ‘ ~.8492555E 02 -.5480295E 02
86 -.6118703E 02 -.1173001E 02
87 .3709023E 01 -.4223662E 01
88 ..3701853E 00 -.7025101E 01
89 -.4913782E 01 -.7377697E 01
90 .1187514E 01 .2205447E 01
91 .6253740E 01 .5518394E 01
92 . .0000000E 00 .0000000E 00
93 -.2735152E 02 .1438439E 02
94 .3958183E 02 .3181740E 02
95 ~.1234585E 02 -.9011836E 01
96 ~.2330353E 01 -.7199816E 00
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Appendix

FORTRAN program for calculation of the geomagnetic local time in hours
(decimal) for given universal time (UT/sec), geodetic latitude and
longitude (XLAT, XLONG/deg) and day of the year (DAY)

REAL FUNCTION (UT, XLAT, XLONG, DAY)
CALCULATES GEOMAGNETIC LOCAL TIME (HRS), UT=GMT(SEC),
XILAT/XLONG=GEODETIC LATITUDE /LONGITUDE (DEG)
DAY=DAY OF YEAR

RAD=57.29578

FLAT=XTAT/RAD

FLONG=XLONG/RAD

DELTA=0. 409207 ® SIN( (DAY-80.0 ) ¢ 3.14159/184.0)
BETA=(180.0~UT/240.0) /RAD

PX=COS (FLAT) » COS (FLONG)

PY=COS (FLAT) e SIN (FLONG)

PZ=SIN (FLAT)

SX=COS (DELTA) ® COS (BETA)

SY=COS (DELTA) ¢ SIN (BETA)

SZ=SIN (DELTA)

P1=0.35117 ¢ PX-0.91483 e PY-0.19937 » PZ
P2=0.93358 ¢ PX+0.35837 e BY

S1=0.35117 ¢ SX-0.91483 » SY=0.19937 ¢ SZ
$2=0.93358 ¢ SX+0.35837 » SY

THEI‘P=ATAN2 (P2,P1)

THETS=ATAN2 (S2,51)

FMLT= (THEPT-THETS+3 . 141593) /. 2617994

IF (FMLT.GT. 24.0) FMUT=FMLT-24.0

IF (FMLT.ILT.0.0) PMLT=FMLT+24.0

RETURN

END
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2.2.2 Comparison of the Ton Density and Temperature Lata Cbtained

by the RPA on CGC-6 and the IRI kodel

Ts.F. Dachev, N.Z., Trendafilov, T.G. Goshev

Central Laboratory for Space KResearch, EFilN,
Bul. Russki MNo.t, Sofia 1looo, Bulgaria

Abstract: A comparison is mede between the ion concentration and tem-
perature deta as measured by the RFL on boerd 0GC-6 and as calculated
using the IRI model, The analysis refers to 1oo orbits in the region
1500 dip latitude and all longitudes. The discrepancies between the
model and measured guantities at different values of the magnetic de-
clination are carefully enalyzed. The graphs show that these discre-
papcies at large absolute values of the magnetic declination are con-
nected with the direction of the neutral winds., In this paper we con-
sider the possibility of including in future IKI models the magnetic
declination ag a factor which determines the magnitude and direction
of interaction between neutral winds, and the distribution of ion con-
cnetration and temperature at different seasons and local times.

1, Inftroduction

The theoretical determination of ion and electron concentration and
temperature and ion composition is still an unsolved problem in spite
of the existence of longterm ground and satellite measurements. The IRI
model /Rawer et al., 1978a/, and its letest modification IRIAL-7, De-
cember 1979, appears tohe 3 universal program for computing the parame-
ters mentioned above, together with complementary information about neu-
tral temperature in the height range of 7o to looo km. The model could
be considerably improved and enlarged if we took into consideration, and
included in it, results from satellite in situ measurements; these re-
veal mainly space variations generated by global changes in the configu-
ration of the Earth' magnetic field, and the interactions between the
ionospheric plasma and the dynamics of the neutral atmosphere /Hanson
et al., 1970/.

In the present study a comparison is made between the ion concentra-
tion and the temperature data as measured by the KFA on board the 0G0O-6
satellite /Mayr et 2l., 1978/, and those calculated from the IRI model
for specifically selected transits of the satellite; the comparison will
confirm the necessity of taking into consideration the magnetic decli-
nation /Eyfrig, 1963; Kohl et al., 1969; Dachev, 1978/ as one of the ne~
cessary factors Tor a more accurate prediction of the ionospheric para-
meters at a fixed local time and season.

2, Results

Data on ion density and temperature, which are interpreted in this
paper are obtained by a RPA on board the CGG-6 satellite /Dachev et al.,
1880/, Transits numbered from 3480 to 3631 within the interval February
1 4911, 1970 are considered., The satellite perigee at these transits is
located in the northern hemisphere at 60° - 70° dip latitude. The local
time of eguatorial passage varies between 22 30 and oo 30 LT. The satel-
lite height is about 6oo km in the megnetic equator region.

The data for the ion concentration and temperature are taken from the
original photofilms received from the World Data Center-A by our Labora-
tory, and introduced as an array into a computer for fixed dip latitudes
in the interval +50°. By averaging the original data for position and
time of the satellite, the geographical and time characteristics needed
as inputs into IRI were determined. As solar activity measure the Ziirich
sunspot number for February 197o was taken. The IRIAL-7 program was used
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together with a special magntic tape containing the CCIk coefficients

- for deducing the foF2 and "3000/H¥I"2 values. The results obtained from
the comparison of data obtained by the longitude of orbit Ho 3568 are
shown in Figure 1. The measurement was made on Febr. 7, 1¢7o when geo-.
magnetic conditions were quiet ( Ep = 2.25, 4p = 2 and K = 104). The
sunspot number was near the average for that period. In the upper part
of the Figure the electron concentration as computed by the ILI model
is shown with & soiid line; the concentration of the oxygen ions from
data obtained by the RPA on board the 0GC-6 satellite is plotted with
crosses and the total ion concentration is shown with & thin line. In
the lower part of the Figure, the comparison between the measured and
computed values of the electron temperature is shown. The somputed tem-
perature values according to the IRI model are shown with a solid line
and the temperature measured by the setellite is shown ag a dotted li-
ne. The changes of the parameters THCK, NHCR and UKCRKTCY, shown in
Figure 2, are defined as follows:

PI(C60) - Ti(IRI) o . ey - HA(OBO) - Ii(IRI)
Ti(IRT) Ni(INT)

TNOR =

%

ENCRMLCT = 110%0c0) - KiCT(IRI)

% (1
HiCT(IRD)

The parallel interpretation of the results given in Figures 1 and 2
shows a change in the sign of TNOL and ERCK near the megnetic equator,
while KNORRLCY reaches its maximum value near -100 dip letitude. The
differences between the measured and calculajed O+ ion concentrations
are very great and attain values of 4ooo cm™’, it the same time it is
seen that the 07 ions are dominant over the whole latitude range (Fi-
gure 1); the maximum concentration of other types of ions, mainly HY
and He™, occurs at about 40° dip latitude and is not greater than 3o%
of the total ion density. A similar comparison is shown in Figure 3,
for orbit No 3507 which differs from No 3568 only in the sign and magni-
tude of the magnetic declination DMAG. ~s in Figurel.s change in the
measured and calculated values near the magnetic equator is seen. The
variations of HNCR, THOR and KKCERLCY are similat to those in Figure 2,
but the extreme values appear to occur at different dip latitudes.

%, Discussion

The differences, shown in Figures 1 and 3, between the values of ion
concentration and temperature obtained using the IRI model, and those
obtained by the IF4i on board the 0GO-6 satellite are due to differences
which were observed. in the sign sné magnitude of the magnetic declination
for both orbits. For orbit No 3507 the declination is negative and has
a maximum value, while for orbit No 3568 it is positive. These conditions
a favourable for & large vertical plasma drift, generated by zonal neu-
tral winds /Serafimov et al., 1980; Kumar and Henson, 1980/. The direc-
tion of the drift component in both hemispheresis shown in Figures 1 and
3., 1t is seen that, in the regions where the vertical drift is upwards,
the experimental values of concentration are higher than thcse obtained
by the IKI model, and vice versa. In the same regions, after kishbeth
et al. /1977/, the behavior of ion temperature is related to the adia-
batic heating and cooling ;of the plasma.

4, Conclusions

The observed differences between the experimental and theoretical
values of the ion concentration and temperature are strongly dependant
on the geographical longitude and the magnetic declination of the place.
This suggests the need for an improvement of the IRI model which would
take account of the values of magnetic declination and longitude together
with 2 model of wind motionsg in the neutral atmosphere at a fixed season
and local time.
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Discussion remarks:

K. kawer pointed out that the CCIE -model used to describe the plane-
tary behavior of the peak is too much smoothed. This is particularly
serious in the equatorial region where high peaks occur at slightly
variable latitude.
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2.2.3 Comperison of the IHI with Jon Temperature and Ion Density as

ieasured during Very Quiet Geomagnetic Conditions on bosard

the Geophysical Itocket "Verticasl-6"

T T 4 . 2
I. TLencze, i. Yovhecs , I. ipa'thy, I. Uzgemerey ,

V. .fonin, V. Tezrukih, l. Shutte’

1Geodetical and Geophysicel Fesearch Institute Hungarian
Lcademy of Lciences, Copron, lungary

2Oentral Institute for lhysics, JTungarian icademy of Stciences,

Tudapest, ilungary

3Institu.’cefor Spzce hesearch, Academy of Sciences of the USSR,
ioscow, UISK

Abstract: Iuring & megnetically quiet time ion temperature and ion
deneity up to 1500 km were measured on 25 Oct. 1277 during the flight
of the geophysical rocket "Vertical-6" by means of a group of five re-
tzrding potential analyzers, looking into different directions of space.
e results vhen compared with the Internationsl Reference lonosphere
1678 show that both the ion temperature and the ion density sre lower
then the velues predicted by the heference Ionosphere, the difference
decreasing with increasing alitude. )

1, Introduction

The geophysical rocket "Vertical-6" was launched on 25th Cctober
1077 st 1515 Li4, at middle latitude in the Furopean part of the USSK
in the framework of the complex investigation of the upper atmosphere
organized by Inter osmos. The trajectory of the rocket was very close
to the vertical, the deviation being not greater than about 3°. The
rocket was stabilized along three axes with an accuracy of +3° and
reached an altitude of 1500 km. The measurements, discussed here, were
carried out by means of a group of five retarding potentiel analyzers
(RPA) looking into different directions in space,

The experiment is particularly interesting for two reasons: on the
one hand, rocket experiments reaching an altitude of 1500 km are rare,
and on the other hand the date in the minimum of the solar cycle during
a period of very low activity. it the launch day the relative sunspot
number was 28, Covington's solar radio flux index was 88.1. CGeomagne-
tically the conditions were extremely quiet (Ep = 0). We thus had the
exceptional situation of completely undisturbed conditions.

2, Methods of Analysis

The ion temperature and ion density where determined, by multi-para-
meter cufve fikting partly from the characteristic curves of the ana-
lyzer looking upwards and partly from the data given by one of the RPAs
looking in the horizontal direction /Knudsen, 1966; loss and iymen, 1968&;
Janson et al., 1570/. The model values have been computed using the pro-
cedures given in the Internationel Reference Ionosphere 1¢78 /Rawer et
al., 19782/, however, when calculating the ion temperature, the smoo-
thing procedure designed to keep it less than the electron temperature
has been not used, as it was clear in advance that the ion temperature
would satisfy this condition. As regards the determination of the total
ion density in the height range between ImF2 anid loookm, for the harmo-
nized Eent-model the maximum electron density has been computed by means
of the subroutine IONDEM, i.e. after the simplified equations of Chiu.

126




3, Results and Froposed Improvements .

THe ion temperatures obtained from the measurements were compared
with the model values computed for the time of the apogee of the tro-
jectory in Figure 1; the neutral temperature, computed on the basis of
Cika /1272/ is also plotted. Ielow zbout 550 km the computed values of
ion temperature differ considerably from the measured ion temperature
vhich approaches the neutrzl temperature. .bove this altitude the mes-—
sured data show a steep gradient and the model approaches the obser-
ved ion temperature at sbout Too km. Then the model deviates more snd
more from the measured dats with increasing height showing the largest
difference &t about 8oo km. iLbove this height the computed values agesin
approach gredually the observed vslues., The difference between the mes-
surements &nd the average model msy be due to the quiet conditions.

In figure 2 the computed values of electron denssity and the measured
total ion density are shown. It can be seen that the computed electron
“density is great®er than the observed value tlong the whole profile, the

difference decressing somewhat with increasing height. ilowever, the
shapes of the two profiles are practically identical. The difference
between both profiles may be due largely to the Chiu value of fol2 being
too great.

I would be not proper to suggest eny improvement of the IKI on the
basis of only one experiment; therefore the discussion has been con-
fined to the presentation of results.

Editor's remsrk:

The shape of the observed instantaneous temperature profile might
be strongly influenced by atmospheric gravity waves. As for electron
density the sgreement with an average profile could not be better due
to the known lerge varisbility.
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Fige. 2
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2.2.4 Observation of Ne, Te and Ti by Incoherent Scatter

Technique during a Period of TLow Solar Activity

V.I. Paran, E.V. Rogoghkin, D.A. Dzyubanov
Kharkov Folytechnical Institute, USSR

Abstract: Altitude dependencies of Ne, Te and Ti for 1975 obtained

al the research incoherent scatter facility of the Kharkov Polytech-

nic Institute (operating frequency 150 MHz, parabolic antenna  diame-

ter 1oo m) are compared with model dependencies. The measured values

of Ne at the peak and lower levels are in good agreement with the mo-
del, while those of Te and Ti are different than given by the model.

1, Measurement and Reduction

An incoherent scatter facility for research has been created at the
Kharkov Polytechnical Institute operating at a frequency of about 150 MHz
/Paran, 1976/. It has two channels, which makes it possible to transmit
and receive pulses with a peak power of 2 MW, and feeds a parabolic
Cassegrain antenna, whose diameter is 1oo m. The system noise temperature
is less than 500 K.

To determine electron density and temperatures, autocorrelation func-
tions were determined from the return signals. For altitudes up to 4oo
to 500 km, double pulses are used and the autocorrelation function is
measured directly. For greater altitudes, so as to increase the signal/
noise ratio long pulses of about 1 ms are used at a pulse repetition
frequency of 25 lz. Integration time, determined by the experimental con-
ditions, can vary from 1 to 3 min. The electron density is calculated
either from the measured power profile of the scattered signal, allowing
for the temperature ratio, or from extreme points of the power profile
when sounding with linearly polarized signals. In the former case the
electron density profile obtained is normalized either to vertical soun-
ding data or to Iaraday rotation data. Since the autocorrelation func-
tion is measured at the intermediate frequency one can identify the Dop-
pler shift of the carrier frequency caused by the ionospheric plasma
drift along the line of sight.

2, Comparison with IRI

To compare the results for 1975 with the preliminary IRI /Rawer et
al., 1975/, average 3-day data were used representing winter, summer
and equinox periods.

Figure 1 shows the altitude-time variation of electron density as
contours of constant plasma frequency; solid arrows identify local sun-
rise and sunset, dashed arrows sunrise and sunset at the geomagnetically
conjugate point. Apart from the well-known seasonal/diurnal veriations,
the daytime F~region peak electron density is about 1o0% greater in winter
than in summer, and the peak altitude is 40 km lower. In summer, when the
sunset at the conjugate point leads the local sunset, an increase in elec-
tron content can be observed at that time, as well as at that of local
sunset. As for electron temperature, in summer (Figure 2). the start of the
morning rise is related with the'local sunrise, buf in winter with the
sunrise at the conjugate point. The ion and electron temperature varia-
tions (Figure 3) are, in general, similar. Below 300 km the ion tempe-
rature shows little diurnal variation, because of thermal equilibrium
between ions and neutrals; as the altitude increases the ion temperature
approaches the electron temperature. Figure 4 shows the comparison be-
tween noon experimental and model electron density profiles (at the left
hand), and between the kinetic
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temperatures of charged psrticles. In Figure 4a (June) there is no
great difference between model and experimental values of electron
density at the F-region peak, the a@ltitude of which differ¥ by only

20 km. The Fl-layer is very clearly seen in the experimental data.
Particularly at lower heigihts the measured electron temperature is
lower than the model values. As for the ion temperature, up to 4oo km
the measured values are egual, but for greater altitudes they are hi-
gher than the model values. There are no grest differences between the
vertical gradients of kinetic temperatures.

In autumn (Figure 4b) fairly good agreement of electron density ve-
lues is seen for altitudes above the peak. The measured temperature of
charged particles differs from the model values by 2oo to 4oo X, while
the values of the vertical gradient do not differ much.

Tn winter (Figure 5), both in the daytime and at night, the measured
electron density does not differ much from the model values in the lo=
wer ionosythere, but above the peak this difference increases with alti=-
tude, experimentzl values being lower than the model ones.

On of the general differences between the experimintal and the model
values is that the amplitudes of measured seasonal variation of the |
altitude of the F-region peak are greater than those in the model; be-
sides, in all seasons the measured nighttime electron and ion tempera-
tures are equal.

Some of the differences may be due to experimental errors and to the
fact that the actual and the local geophysical conditions do not coin-
. cide. The latter factor is apparently real, since the geomagnetic field
was disturbed on nearly all the days of the measurements.

Discussion remarks:

K. Rawer pointed out that the IRI (electron density) scale height
formula provides transition to infinity at great heights. Apparently,
the transition, assumed after Alouette 1 data, should occur at even
higher altitude.
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Section 2.3 Variability

2.3.1 Studies of the Topside Tonosphere Using the Satellite

"Interkosmos-19"

(I) The Ionospheric Satellite "Interkosmos-19"

M.M. Gogoshev', A. Kiraga. Z. Klos®, K. Kubat’

Yu.V. Kushnerevsky, V.V. Migulin') K.B. Serafimovl,
P. Triska’, M.D. Fligel?, J. Similauer®

1Central Laboratory for Space Rsearch, Bulgarian Academy
of Siences

2Space Research Centre, Folish Academy of Sciences
Geophysical Institute Czechoslovak Academy of Sciences

41nstitui€of Terrestrial Magnetism, Ionosphere and Radio
Wave Propagation, Academy of Sciences, USSR

The possibility of constructing a global ionospheric model depends on
the systematic study of the parameters and processes occurring around
the main peak of the iocnosphere. The scientific instrumentation of a
new satellite in the Interkosmos program is adapted to this task.
Interkosmos-19 was launched on 27 Febr.1979 into an 74° elliptical

orbit with apogee of 996 km, perigee of 500 km and period of 1oo min
/Pravda, 1979; Migulin, 1979/. It is stabilized along three axes, with
the main axis oriented towards the centre of the Farth (Figure 15 /Kush-
nerevsky and Vasilev, 1980/.

The primary aims of the 'Ionosonde-IK' space-craft were:

1) to study global electron density distribution in the topside iono-
sphere, its dependence on local time, and connections with solar and
geomagnetic activity;

2) to study ionisation processes, particle precipitation, and the
generation of optical emissions and various kinds of plasma waves for
a study of ionosphere and magnetosphere interactions;

3) to study the interactions of particles with other ambient plasma
components,

© The USSR built topside sounder 15-338, installed in the satellite,
operates in the range of fgequencie? from 0.3 MHz to 15.95 MHz. Local
elictron densities from 10° to 2.10'2m~3 and temperatures from 500 to
107K are obtained using the probing device Pe# (Bulgaria, USSR). In
additiog, spheric?% ign traps provide data on positive ion densities
from 10° to 2 *10'4m™2, A high-frequency probe KNM-3 (USSR, Cgzechoslova-
kia) measures electron temperatures from 6oo to 1200c K and the distri-
bution of thermal electron velocities. In the KM-3- device a micropro-
cessor controls the programming and preliminary data processing.

Corpuscular fluxes are known to play an essential role in the ioni-
zation balance of the upper atmosphere, in the polar auroral zones of

“the northern and southern hemisphere in particular, and also in electro-

magnetic phenomena occurring in the ionospheric plasma; the soft elec-
tron spectrometer SF-3 (USSR) records electrons in the energy ranges
10 to 150, 50, 120, 500, eV; 1.5 and 15 keV, and the background level
of radiation. The 2ifferential spectrometer "Pero-31" (USSR) detects
more energetic electrons in the following ranges: 4o keV, o.1, 0.3 to
0.6, 0.6 to 1.9, 0.9 to 1.2, 1.2 to 2.0, 2.0 to 3.0 MeV and protons
from 1 to 5, 1o to 30 and above 30 MeV. The electrophotometer EMO-1
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(Bulgaria) measures the natural emission intensities at 6%o hm,
427.8 nm and 557.7 nm, in order to study the physical processes in the
polar oval and in the equatorial regions.

It is another aim of IK-19 to investigate the man made and natural
electromegnetic wave phenomena and noise in the ionospheric plasma in
a wide freguency band. Of primary interest ar the problems connected
with the time/frequency development of wave plienomena and the mechanisms
which stimulate them. For this purpose, receiving and analysing devices
for electromagnetic radiation in the band from 7o Hz to 6.0 MHz instal-
led on IK-19. The low freguency analyzer ANCh-2ME (USSR, Czechoslovakia)
covers electric and magnetic components of very low-frequency waves and
noise in the range from 7o Hz to 20 kHz. Furthermore, while analyzer
ANCh-2ME records the antenna impedance, radio-freguency spectrometer
IRS-1 (Polend) in the band 0.6 to 6.0 MHz and HF analyzer AVCh-2 (USSR)
for 6.1 to 5.0 MiHz are designed to study natural and man made waves and
noise in the ionospheric plasma. IRS-1 has a bandwidth of 36 kHz and
sweeps the whole band in 2 or 1o s. AVCh-2 records processes taking
place in the plasma -in real time, i.e. in the whole frequency band and
rermits further studies with large frequency and time resolutions. De-
vices IRS-1 and AVCh-2 operate with the same antenna, a 15 m dipole.

A coherent radio-beacon M4K-3 (Czechoslovakia) completes the scienti-
fic instrumentation of the satellite. It operates on three frequencies:
40.008 MHz (modulation 100.2 and 1000.2 kHz) , 180.036 MHz (modulation
100.02 kHz) and 360.072 Miz (modulation 1oo.o02 kHz).

Transmission to ground of the scientific information
is accomplished by the digital and analogue telemetry system ETMS-A
(Hungary, Poland, USSR, Czechoslovakia). The digital system uses direct
transmission or storage (30, 120, 960 min). Analogue telemetry is re-
ceived at Appatits, Moscow, Norilsk, Panska-Was (Czechoslovakia) and
Habana (Cuba).

In March 1980, IK-19 had been in operation for a year, after more
than 5000 orbits. According to the data hitherto processed, one may
draw a few conclusions concerning the present solar cycle 21: In the
equatorial gzone in March, 14 to 16 h LT, the electron density at the
maximum of cycle 21, at 500 km, has increased by four, compared with
the solar minimum activity years /Chan and Colin, 1969/; at altitudes
900 to looo km it has even increased by almost 20 times.

(II) First Results of a Statistical Evaluation of Electron

Temperature Feasurements on Board the Interkosmos-19

Satellite

J. Smilauer', V.V. Afonin®

1Geophysical Institue of Czech. Academy Sci., Prague, CSSR
Space Research Institute, Academy of Sciences, Moscow, USSR

Abstract: During a period including the magnetic disturbance of 1lo/11
Far. 1979, electron temperature measurements made on board the satellite
1979~020A are statistically analyzed. A comparison of two representative
16-hour means of the electron temperature vs. invariant latitude depen~
dence clearly shows that magnetic activity causes an increase in the
electron temperature.
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1, Introduction

On board the Interkosmos-19 satellite, electron temperature (Te)
was measured by the radiofrequency method. A planar probe has been
used with its plane perpendicular to the satellite's velocity vector.
One type of measurement was a series of 16-hour runs of continuous re-
cordings with 0.64 s time resolution that were available for the first
three weeks of satellite operation. Since both the perigee position and
the right-ascension of the ascending node have not changed too much du-
ring this time, the dependence of Te upon the invariant latitude, and
especially the influences of geomagnetic activity on Te could be studied.

2, Results

For every run, containing almost ten complete orbits, a sorting of
Te according to the invariant latitude has been made independently for
the ascending and descending branches of the orbit, differing in local
magnetic time; for each interval of one degree in latitude, the mean
values and RMS-deviations have been calculated. Several conclusions can
be drawn: a) During the nighttime (around 02 INT) and for a quiet period,
the mean Te for invariant latitudes up to 60° is about 2000 K, and the
RMS-deviations are very small, typically 150 K. In disturbed periods the
scatter of the equatorial “Te values becomes slightly higher, up to 400 K;
b) During the daytime (around 15 IMT), the average Te increases to about
3000 K and the scatter is about 200 K, increasing for disturbed periods
up to 600 K.

For a comparison in geomagnetically disturbed and quiet periods, the
run No. 170, obtained under disturbed conditions, and the run No. 226,
for quiet conditions, have been compared (Dgt= -75 nT, 3K, = 85 and
Dgt = 7 nT, 2K, = 13, respectively). The results are showh in Figure 2
for nighttime and in Figure 3 for daytime. Differences against mean Te
are given in the lower parts of the plots, the positive values corres-
ponding to the increase of Te for the disturbed period. For checking
purposes, upper parts of TFigures 2 and 3 show the differences in the
altitude and geomagnetic time, which are obviously not substamtial. Du-
ring the disturbance from 1o to 11 March 1979, electron temperature in
the nighttime sector increased in the whole range of invariant latitudes
from 40°N to 40°S by about 300 K, and the boundary of subauroral en-
hancements was shifted down to about 45° (L = 2.2). The daytime Te also
showed a slight increase, but its nature appears to be somewhat different
since the two maxima are shifted towards higher latitudes. This tendency
more clearly shown in the comparison of run 170 with the "gquiet set"
(runs 226, 299 and 328) indicates a slower heat convection across the
field lines in the daytime sector, and higher boundaries of subauroral
enhancements, It caen be concluded that magnetic activity must be taken

into account as one of the parameters needed for an electron tampera-
ture model. '
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2.3.2 Extremely High F-Region Electron Temperatures During the

Present Maximum of Solar Cycle No. 21 (extended abstract)

M. Gogoshev, G. Moraitis, Ts. Gogosheva, B. Komitov
B. Taneva-Mendava, T. Markova, I. Mendov, Ts. Pashova,
K. Kunev, S. Spasovy

Central Laboratory for Space Research, Bulgaria

The oxygen line at 630 nm, emitted from the polar aurora but also from the atmo-
sphere at mid and Tow latitudes, is an important indicator of the aeronomic and
dynamic processes in the F-region. Because of its relatively low thermal exci-
tation level (1.96 eV), even very small energy inputs can be detected using this
Tine. Observations of 630 nm were made, at intervals of 7.5 min, at the mid-
Jatitude observatory at Stara Zagora using a tilting filter photometer. The
threshold sensitivity of the system was 5 Rayleigh, and care was taken to con-
firm the absolute calibration. Our long series of observations allows us to
compare the absolute emission values between solar maximum (1979) and solar
minimum (1973) conditions. For the early night hours, the ratio of maximum

to minimum emission was as high as 5 to 6, whereas the corresponding ratio

was Jess than 3 for the Covington index {of solar 10.7 cm radio emission.

After midnight the emission ratio decreased considerably.

Except during twilight, the intensity of the 630 nm 1ine depends entirely
on the dissociative recombination of 0p™ in the reaction: ,

0,* + ¢ »0('t) + o(’r) (1)

which is 1limited by:

OQ+ + 0. 4>O2+ + 0
& 4 (2)
In twilight periods, photodisseciation in the Schumann-Runge continuum is
important: ;
T (01
O, + hy —» C('D) + 0(71) : (3)

but collisional excitation of atomic oxygen, occurring during the cooling down
of the hot electron gas, also makes a remarkable contribution.

We can now estimate the contribution made by the three mechanisms. Observa-
tions made using photometers on the Vertical-6 and -7 rockets have shown that it
is possible to separate the different generating mechanisms. It was found that,
during twilight, the photodissociation excitation is most important, followed by
dissociative recomhination. However, the Vertical-6 and -7 data refer to low
and moderate solar activity respectively, and a review would be desirable.
Dissociative recombination (Equation 1) depends on both the F2-layer electron
density and the concentration of 02 molecules, and also on the concentration of
N2 mglecules. The two molecular con?entrations represent the main quenching
factor for the metastable species 0('D). The density of excited oxygen atoms
and, by integration, the intensity of the red (tripled) 1ine, can be computed
if the profiles of the relevant species are known. We use Jacchia's /1977/
mode] for the neutrals, and the IRI electron density profile adagted at Athens
and Sofia. With the reaction constants of Serafimov et al., /19/7/ and the
algorithms explained in Gogeshey and Komitoy /1980/, we were.ahle to compute
the emission contributions due to photodissociation to dissociative recombina-
tion. The observed intensity shown in Figures 1 and 2 is equal to the sum of
the two components, but after midnight only. Before midnight it is much
greater. Even when assuming neutral models with extremely high (atomic and
molecular) oxygen densities we were unable to explain the observed red Tine
intensities.
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As an explanation for the discrepancy we suggest the existence of relatively
high electron temperatures after sunset. These, in conjunction with the high
intensities of atomic oxygen, would cause excessive excitation, and hence
emission of the red 1ine airglow. Considering the energy transferred to the
neutrals by collision with hot electrons, and using Manta's /1973/ reaction
coefficients, we were able to compute from our emission intensities a hypo-
thetical electron temperature as shown in Figure 3. When the excess is

particularly great, as in Figure 1, electron temperatures of up to 2500 K are
needed, even several hours after sunset.

During the maximum of Solar Cycle
No 21, we found at Teast 15 cases of excessive radiation of this kind.
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Fig. 1 Observed intensities of oxygen line 630 nm for dates in September

Fig. 2

Fig. 3

of 1979 sunspot maximum conditions (dots, triangles, crosses)
and during the preceding minimum (curves of different type).

Aeronomic computations yielded values as observed after midnight
throughout.

Same as Fig. 1 for October dates indicated.

6300A inten§ities (lefthand ordinate) and therefrom computed Te
(righthand) for two dates in 1979 (sunspot maximum).
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CHAPTER 3 IONOSFPHERIC STRUCTURE

Section 1 Ionic Composition-

. %.1.1 JIon Composition in the D- and Tower E-Regions with Particular

Emphasis on Cluster Ions

E. Kopp

Physikalisches Institut Bern,
Sidlerstrasse 5, CH-3012 Bern, Switzerland

Abstract: A review is given of present-time experimental knowledge
concerning ion composition in the lowest ionosphere, in particular of
the cluster ion populations and the relevant chemistry. It appears
premature to establish a detailed model on the presently available ex-
perimental information. ‘

1, Introduction

The positive and negative ion composition of the Earth's lower iono-
sphere is divided into two completely different regions. The upper part
is dominated by molecular ions (NO* and Op*) and electrons, and the
lower part by positive cluster ions and the presence of negative ions
other than electrons. The primary sources. of ionization produce elec~-
trons and positive molecular ions. The complexity of the ion composi-
tion in the ionosphere below 7o km is caused mainly by processes such
as three-body ion-neutral reactions producing secondary ions and Op~
by attachment of electrons to Op. The composition of positive and nega-
tive secondary ions is highly variable owing to tegperature changes and
to the variations of the minor constituents No, 0(”P), 02(1A g), H,0
and H.

The positive metallic ions Fe+, Mg+, A1+, Si+, Na® etc. constitute
a special class of ions. Metallic ions are observed in the E- and F-
regions. We know from in situ ion composition measurement and ground
based observations with Na and K Lidars, and from meteor radars and
meteor trail spectra, that metallic ions have their sources in the ab-
lation of the incoming meteoric dust particles. Metallic ions disappear
very rapidly below an altitude of approximately 90 km, but have been
observed as high as T7oo km in the F-region. They do not contribute a
major part to the total positive ion density below 1oo km. The chemical
loss processes for metallic ions are not yet well understood, because
present rocket mass spectrometers are not sensitive enough to detect
the three-body reaction products of metallic ions. In the lower iono-
sphere between 60 and 1oo km, the life times of positive and negative
ions are generally so short that transport processes may be neglected,
except for metallic ions and nighttime negative ions. However, transport
in the mesosphere and lower thermosphere %s importart for the main part
of minor constituents, expecially NO, O2('Ag), O and H20.

The main aeronomic effect arising from differences in ion composi-
tion is the change of the bulk or effective positive ion recombination
coefficient (e.r.c.). Of particular interest is the change of e.r.c.
in the lower D-region at heights below the transition of molecular ions
to the main cluster ions H*(HZO) located between 7o and %o km. In the
region of dominant positive,clus%er ions, the e.r.c. decreases because
the dissociative recombination rate is at least one order of magnitude
faster for cluster ions than for NO* and O,*.
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Mul and McGowan /1979/ have recently published new electron dissocia-
tive recombination rates_for NOT and Oot The rates derived for 3¢o0_K
are 2.% and 1.9 . to-Tem®s~1 with a emperature dependence of T=C.

The NO*.value is now close to the Op value, being about a factor_gf 2
lower as compared with the rate constant of 4.5 « 1o~ /(T/300 K)~©-
derived by Oppenheimer et al., /1977/ from the results of Walls and
Dunn /1974/.

2, Positive Ion Composition

Positive ion composition measurements have been made in the lower
ionosphere with rocketborne mass-spectrometers at various latitudes,
and in conditions with different solar and geomagnetic activities. All
spectrometers have used a special pumping system. The measurements car-
ried out since 1963 /Narcisi and Bailey, 1965; Krankowsky et al., 1972;
Goldberg and Blumle, 1970; Zbinden et al., 1975/ have all shown the
same general feature - the lower D-region is dominated by cluster ions
H+(H20)n. The main cluster ions observed in these earlier flights were

H*(Hp0) and H+(H20)2, and much less of H+(H20)3. These measurements

were all made with instruments using a plate with a center orifice for
ion sampling and an ion draw-in potential of at least -5 V., There was
soon doubt whether these ions were real or were partially caused by

break up- of heavier clusters. The reasons for a break up of loosely

bound cluster ions are collisions in the shock layer in front of the
instrument, or collisions with ions accelerated by the large draw-in
potential. To overcome these effects, new modified instruments were flown
using a conical inlet geometry and reduced draw-in potential /Kopp et al.,
1978; Arnold and Krankowsky, 1979/. Results from a daytime, midlatitude,
positive ion composition measurement during a 1976 rocket flight above
Wallops Island are shown in Figure 1 /Kopp et al., 1978/. The results

are typical for a quiet, summer,, daytime condition. Below 83.5 km the
dominant ions are H*(Hy0)z and H (H,0)4 in nearly equal abundance. Above
the transition height, mo?ecular ions..are dominant with slightly higher
NO* densities in the D-region. The decrease with increasing altitude of
H*(H%O)g and H*(Hp0), above the transition height is very fast, Up to an

altitude of 93 km, the cluster ions H*(H,0) , H (H,0),, NO*(HZO and

NO*(COp) are still present well above thé height fer H*(H2“0)3 and

H+(H20§ disappear. H*(H,0)_ and NO* clusters are terminating or inter-
i mediary4 2

ions of the + % NC+ and/or O,% hydration chain. The hydra-
tion loss of NO' and 0o " above the transi%ion heights is possible, but
hydration time is clearly larger than the life time of molecular ions as
determined by dissociative recombination. The measured metallic ions at
about 90 km have not been included in Figare 1.

The main ion production in the midlatitude daytime D- and lower E-
regions is direct ionization of NO by Ly-®radiation, and direct ioni-
zation of excited molecular oxygen O,(!'s g) in the wavelength region
111.8 to 102.7 nm /Hauffman et al., %971/. The variation of the ultra-
violet radiation at 1oo nm is typically by a factor of 2 within a solar
cycle period. The much larger variability of the total ion and electron
density of the daytime midlatitude D-region is thus caused by NO and
0,(1A g) density variations and by temperature effects.

The main problem in understanding the presence of water cluster ions
in the lower D-region is to find a fast reaction path for NO* and 0o
hydration. All recent mass spectrometric measurements in the D-region
have now also found the intermediary NO* cluster ions NO*(H,0), NO+(H,0),

and NO+(CO»), as already proposed in anearly hyd~vation scheme by Fehsen-
feld and Ferguson /1969/, Dunkin et al., /1971/, Heimerl and Vanderhoff
/1971/, and Niles et al., /1972/. The main difficulty with this scheme
was that NO* hydration to NO+(H20)3 with switching to H*(H,0)z was too
slow. Johnson et al. /1975/ have Shown that NO* can produce EO*(HZO)
much faster by the reaction path NO+ —>N0+(002) ->NOt HzO). The forward
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reaction rate constant has a strong T—4'4temperature dependence. The
NOT hydration scheme which is used to predict the H+(H 0 distribu-
tion is shown in Figure 2. Similar fast chains are prgpoged for
NO*(I50), and NO+(H20) production., The strong temperature dpendence

of the Ng+ hydration téme is essentially assigned to the forward and
bvackward yate constant of reactions NO*(H,0) + X + M::NO*(HZO)n X+ M
(X = No, 02, 002). Rates and the temperat rendependence have

only béen fieasufed for the first (n = 0) three cody reaction with CO
and N2 /Johnson et al., 1975; Turner and Conway, 1976; Smith et al.,
1977/% The implication of the fast reaction path with the intermediate
ion NO*(H,0) N, has been exmined in model calculations using model tem-
perature n profiles by Thomas /1976/ and Reid /19777. The Not hy-
dration model is able to reproduce gqualitatively the daytime, quiet,
D-region ion cgmposition at midlatitudes, but cannot explain the large
gradients of I (d4 O)3 and H+(H20)4 observed at 83.5 km (see Figure 1
Several cclculations” designed to determine temperature ot eguili-
brium constants at different temperatures from ion composition results
have recently been published /Chakrabarty, 1979; Arnold and Krankowsky,
1977/. For all the published ion composition results, an independent
and accurate temperature profile with a height resolution less than 1 km
was not available. Sinultaneous measurements of temperature and ion com-
position, and further laboratory studies at low temperature, are needed
in order to find the appropriate method of deducing mesospheric tempe-
ratures from ion composition results, and to improve the understanding
of the observed gradients of cluster ion densities.

0,* production is the dominant ion source in the lower ionosphere
unde% disturbed conditions at mid- and high -latitudes. A characteri-
stic ion composition for an auroral situation is shown in Figure 3 from
a measurement of the Heidelberg group above Kiruna /Bjbrn et al., 198o/.
H*(H O)3 and H+(H20) are still the dominant ions in the lower D-region,
but the“molecular ioﬁs are not completely lost by hydration. Their rela-
tive concentration in the lower D-region is of the order of 10% or more
of the total positive ion density. The transition height from cluster
ions to molecular ions is located at 71 km that is more than 1o km below
the level of the midlatitude quiet day. Above this altitude, molecular
ions NOt and 0,% are dominant, but HY(H,0) and H*(H,0), are still pro-
duced up to an“altitude of 79 km from (- O * hydratfont The ut(u Og
concentrations are only slightly below thoSe of the molecular io s
The ratio NO*/0,% is larger than 1 in a disturbed condition owing to the
increase of NO gnd the increased loss:¥for 02+ in a charge exchange re-
action with NO.

An extended 02+ hydration scheme is shown in Figure 4. Termindting
ions are H*(H,0)“ and H+(H20)2. The initiating reaction is a three-body
association of 02?‘ with O to 0,% which does not react with CO

The loss of 0,* ° is due® to switching with H,0 to 0,%(H,0) and the
reaction:

0," + 0 =>0," + 05.

This reaction short-circuits the HY(H,0)_ production at altitudes where
atomic oxygen concentration exceeds tﬁat@ of water vapor. Model calcula~
tions of the positive ion composition in the high latitude disturbed
D-region by Swider and Narcisl /1974, 1975/ and Swider /1977/ are in good
agreement with the AFGL-measurements /Narcisi et al., 1972,/. One of the
remaining difficulties with the 02+ hydration scheme is still to match
the observed H"‘(H%O)n to H+(H20)n—1 ratios. The production rates of

H*(H,0) and HY(H,6). in the models are, in general, too small
1o eXplain the c%rrésponding observed water cluster ion densities.

Traces of ions at mass 63, 81 and 99 amu were found in recent ion
composition measurements and were interpreted as H*(H,0) Co,. /Swider
and Narcisi, 1975; Kopp et al., 1978/. These ions sup%or% ariother faster
production channel for heavier H*(H,0)_ ions over intermediate loosely

bound H+(H20)n clusters /Swider andzNagcisi, 1975; Chakrabarty et 2l.,1978/.
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Several ion composition measurements during disturbed conditions have
observed H202+ ions at heights between 75 and 85 km /Arnold and Kranko-

wsky, 19745 Zbinden et al., 1975; Herrmann and Philbrick, 1980/.
H,O is directly produced from O by a charge exchange reaction with
néutral H,0,. The loss of H202+ by the reaction

H,0," + H,0 —»H'(H,0) + HO,
should not be neglected as a direct source of oxonium ions. The NO cal-
culations by Swider /1978/ from 1o different ion Qompositiog measurery s
ments show a variability of the NO concentration .between 1o 3 and 10'’m
at heights between 95 and 105 km. Occasionally, NO densities higher than
1074m-3 are also observed as low as To km in The D-region. The NO densi-
ty in the mesosphere is higher in winter anomalies and at high latitudes.
An increase of mesospheric NO affects the positive ion comgosition be-
cause of the increase of NOV production and the loss of 0 ions from
charge exchange with NO. Positive ion composition profile% during a D-
region winter anomaly above Wallops Island are shown in Figure 5. The
‘high electron and molecular ion densities down to a height of 77 km are
typical for a winter anomaly caused by large mesospheric NO densities
from vertical and/or horigzontal transport and from a temperature inc. zase
in the mesosphere. H*(H O)3 and H+(H20)4 are equally aboundant and are
the major ions below thé transition “Theight at 77 km. Their produc-
tion is mainly hydration of NO*,

The parameter f+, the ratic of positive cluster to molecular ions in
the D-region, is important for the determination of an effective electron
loss coefficient in the lower ionosphere. f¥-values from a selection of
the 40 - 50 D-region mass spectrometer results are shown in Figures 6 %o
8 and Table 1. The transition height between the regions of predominant
cluster ions (ft = 1) is located between 7o and 92 km. The variability
of this transition height and the gradient of the cluster ion density
are associated with significant changes of mesosphgric temperatures and
densities of mimor constituents NO, O,("Ag) and 0(’p). In those cases
where variations of the electron prod%ction rates are caused by varia-
tions in the ion/electron pair production rates attributable to particle
precipitation and X-ray radiation, the variations of the f* parameter
are associated with the increase of O,* production and higher ©(>p)
densities below So km. Such condition5 are limited to the high latitude
D-region.

The transition height of molecualr ions to cluster ions (f+ =,5) in
the summer daytime D-region (see Figure 6) decreases from 87 km at high
latitude to 82.5 km at the equator, This decrease is caused by the sum-
mer temperature decrease at mesospheric heights from the equator to high
latitudes and, consequently, the decrease of hydration time for NO* and
0,%*. The f* values of 4 of the 5 available mass spectrometer measurements
daring daytime anomalous winter conditions at midlatitude are shown in
Figure 7. Their transition region is around 77 km: well below 8o km,

The lowering of the transition region in a winter anomaly is caused by
the strong mesospheric temperature increase and the enhancement of NO
densities at 8o to 1oo km, High latitude winter results in the northern
hemisphere do not show significant day/night variations of the £+ ratio
under disturbed couditions. The dominance of ionisation by particles
and X-rays during magnetically active periods at high latitudes lowers
the transition height of molecular ions to cluster ions to altitudes
between about 83 km for weak auroras and about 72 km, the lowest height
observed during a PCA event or with hard particle precipitation (see
Pigure 8).

Only one positive ion composition measurement of the high latitude,
winter, nighttime D-region during undisturbed conditions is available
for comparison. The transition height obtained from this measurement
above South Uist is located at 92 km, at least 8 km above the region
for disturbed conditions.
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Nighttime summer and winter measurements in midlatitudes and the
equatorial region are still missing, as well as the reference measure-
ments for the winter anomaly and undisturbed high latitude winter D-
region.

3, Negative Ions

The relestively large atmospheric ambient air density in the lower
mesosphere permits formation of negative ions by three-body attachment
of electrons to Os. N, does not from stable negative ions. The elec-
tron attachment réate %o 0y was measured in the laboratory by Chanin et
al. /1959/ and is sufficiently fast to account for the D-region nega-
tive ion production. Fehsenfeld et 21., /1967, 1969/ have conducted
laboratory investigations of the reaction in which 0,” ions are lost
in a complicated sequence of reactions with mesosphe%ic minor consti-
tuents 03, €05, NG, i and iI50. Most of the negative molecular and ato-
mic iomns”such as 07, 02‘, Cz=, 047, CCGx, CCy, CH™ have a short chemical
lifetime. Important loSs prgcessés for’ these ions are photo~di§socia-
tion during daytime from visible sunlight and reactions with 0(°F), H,
0z and C.(TA g). The total daytime negative ion density decreases rapid-
17 above“a certain height, normelly located between 8o and 85 km. The
decreage of the negative lon density is associated with an increase of
the C(zP) density above this height and the increased loss of the short-
lived ioms, in particular 02' and 0.

The observations of negative ions in the D-region come from a few
mass spectrometer measurements of the Heidelberg and the AFGL groups
/Narcisi et al., 1571; irnold.et al., 1971/. The ions observed weTe
003', NC;~, 01, G,~, and high mass negative cluster ions were inter-
préted ad 1Oz~ (" 03 /Yarcisi et dl., 1972/. These results were contro-
versizl because henHeidelberg observation could not confirm the
KO ’(nzo) observation. The cluster ions measured by the Heldelberg
gréup Nyere found at lower heights between 78 and 85 km, below the
cut-off of negative ions. The observations of these flights, particu-
larly for the ions €1~ and {ICO,” of the Heidelherg measurements, were
also not consistent with the p%ediction of theoretical models. lowever,
the density ratios of negative to positive ions are in good agreement
with theoretical models.

A new measurement of I-region negative ions during the eclipse in
1679 is now available /Kopp et al., 198o/. The observation has been made
with a high resolution magnetic sector field mass spectrometer of the
University of Bern._The molecular and atomic ions observed were mainly
¢ez~, €17, 0,7, NG and 0°. A large variety of negative cluster ions
wag observed, mainly in the upper D-region between 75 and 85 km.

In a D-region model of Mitra and Rowe /1972/, negative ions are divi-
ded into two classes, X~ and ¥~, 411 negative ions with a short chemi-
cal lifetime of the order of 1oés or lower belong to class X~. Impor-
tant ions in this class are 0,7, C7, 03: cc™, Coz, 004“ and CH™. Most
of these ions have fast daytifie loss reactions dae to "their photodisso-
ciation by visible light from the Sun and to reactions with G, H, O, and
0,(Tag). The ions in class Y~ have 2 much longer chemical lifetimes,
t§pically 10" to 10° s. They do not react with 0, C,(1ag), and H and
are, in general, also more resistant to photodissociation. Important ions
“of the Y= group sre NO3—’ HCC3™, NOB“(HZO)n, HCCB—(H20> and cluster ions
of the X~ group. It is”now . recognized that
C1~, which is a well-confirmed principal negative D~region ion, has pro-
duction and loss reactions which differ from those of the ions of classes
X~ and Y~. The two-ion model of Mitra and Rowe /1972/ can be extended to
a three-ion model including C1™ as shown in Figure 9. The main neutral
chlorine component of the stratosphere and mesosphere is HC1l /Turco,
1977/. Production of €1~ is mainly due to the charge exchange reactions
of 0,7 and O~ with HC}l. The loss of Cl- arises from the reaction with
atomgc hydrogen and clustering with water vapor. The three-ion mode& of
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Figure 9 is useful for calculating the day-night variation and the
- .effect of atomic oxygen on the negative to positive ion ratio
shown in Figure To. The upper boundary of negative ions is determined
- by atomic oxygen, and the day-night varistion ar? due to changes in
' photodissociation loss and reduced nighttime OZ(AQ g) densities below
8o km.,

The nature, the production rate, and the variability of negetive
cluster ions of the day- and night-time D-region are not known. KRever-
theless, it is expected that the production of negative cluster ions |
depends on temperature and on minor constituents such as kG, 4,0 and H.
From laboratory and in situ measurements, the negative cluster®ions of
the D-region should be _ NOB‘(HQO) , COB—(HZO , HCOB'(H2O) and
cluster ions of 02‘ and O . n n n

4, Conclusions

Theoretical models for NO* and 0,% hydration have been extended, but
the model predictions still do not gatisfactorily match the measured
H*(HZO) distributions., The determination of atmospheric temperature
from ion composition measurements will not be possible until a set
of simultaneous temperature and ion composition measurements becomes
available.

The loss reactions and models of metallic ions in the D-region are
based only on theoretical models. Yractically no in situ measurements
are available for a study of the metallic ion loss processes.

' The nature and the variability of I-region negative ions are not at
all clear. Kecent measurements have shown the need for even more com-
plex models of the D-region negative ion chemistry. :

4dditional positive ion composition measurements in the nighttime
summer and winter low latitude I-region and reference measurements for
the winter anomaly and the disturbed high latitude lower ionosphere
are needed for the model of the electron loss rate in the lower iono-
sphere.

Discussion remarks:

K. Rawer noted the importance of rather simple parameters for com-
paring with a descriptive model like IRI. One such parameter would be
the transition height between positive molecular ions and clusters,
another one the transition heigth between electrons and negative ions
or clusters. The author insisted that the atomic oxygen density is the
decisive parameter. Rawer -asked finally whether extreme values could
at least be given. The author felt this might be too difficult at pre-
sent time.
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Figo 1

Fig. 2

Figc 3

Measured electron and
ion density profiles
in the summer daytime
D-region above
Wallops Island.

Schematic diagram of
production and loss
reactions for WOt in
the D~-region.

Measured number densities
of N0+, ot and
proton—hygrated ions

in the winter

nighttime, high

latitude D-region for
disturbed conditions.
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Fig. 4 Schematic diagram of the production of proton-hydrated ions from 0'5 in
the D-region.

Fig. 5 Measured ion densities of N0V, and protonhydrates in the winter
midlatitude daytime D-region w1t% anomalous radio wave absorption. )
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Fig. 6 Ion density ratio f= of the summer undisturbed D-region
from positive ion composition measurements (3,4,5,8,11).
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Fig. 8

Ion density ration £' of the
anomalous, daytime
midlatitude D-region from
positive ion composition
measurements in winter
(6,7,9,12).

Ion density ration f' in the
high latitude winter
D-region from positive ion
composition measurements
(1,2,10,13,14,15).

Fig. 9 Three ion model for the

Fige.
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negative D-region ions.
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calculated from the three
ion model of Fig. 9.




CONDITION

Table 1

ALTITUDE/km FOR 3 DIFFERENT
CLUSTER TO MOLECULAR ION RATIOS
IN THE D-REGION

ft = 0,1 ft=1 ft =10

Summer daytime
- equator 84.5 82.5 76.5
- midlatitude 87 85 80
- high latitude 89 87 83.5
Winter daytime
- anomalous,

midlatitude 79 77 75
Winter high latitude
- night, undisturbed 94 92 85
- night, weak aurora 86 82.5 75
- day/night pCA,

hard particle

precipitation 76 72.5 69
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3.1.2 A iropoced Improvement of IRI Using the 0" - u¥ transition Level

I. Kutiev, K. Serafimov, . Karadimov1, E. deelis®

1Central Laboratory for Space kesearch, Moskpvska 6, Sofia,
‘Bulgaria
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Lbstract: The transition level (TL) between the O and H* dominated
regions in the topside ionosphere is examined in terms of its latitude,
longitude and local time variations. CGO-6 data show that in the night-
time winter midlatitudes, between -100 to -40° dip latitude, & sharp
trough in the TI surface occurs, at altitudes changing from 1loo down
to 60 km, £t the dip equator, as well as at dip latitudes higher then
-409, the TL surface throughout the night remains at the same altitude
as at sunset namely about 1loo km. Summer midlatitudes exhibit strong
veriability of the TL surface, the latter having the altitude variation
0f 200 km at +3%0° dip latitude. There is evidence that, on the winter
side, the TL surface descends within an hour after sunset from 11oco km
to 600 km.

1, Introduction

The behavior of the 07 - 4% transition level (TL) has recently been
studied by various investigetors. Titheridge /1976/ examined C+ - T+
transition level variations at low solar activity, and Miyagzaki /197%/
and Kutiev et al. /1980/ did so for low and high solar activity respec-
tively. The common result of these studies is that, in the daytime the
transition level (TL) height reacheslooo to 1200 km, and in nighttime
it drops to 600 km. In this period the TL exhibits strong latitude and
longitude dependence reflecting the dynamics of the C* ions. Thus, the
TL could be a good tool for studying a number of phenomena occurring
in. the nighttime topside ionosphere such zs the equatorial E x B ion
drift, the global wind system at F-region heights, variations of the
plasmapause position, etc. Also a knowledge of TL temporal and spatial
variations should be of help in ionospheric modelling because the ver-
tical distribution of ion density is essentially characterized by TL.

In this paper the date obtianed from the CGC-6 satellite are consi-
dered. in terms of the nighttime behavior of TL. These data are quite
uniformly sgaced in latitude, longitude and altitude in the ranges
+60° to -60°, +180° to -180°, and 6oo km to Ti1oo km, respectively. Thus,
the morphological behavior of the TL.can be examined only when it lies
within these ranges. The examination of the data base shows that, during
the solar maximum period 1669/1S70, the TI frequently occurred outside
these intervals, since it was not encountered by the satellite. There
are, therefore, portions of the globe over which the precise behavior
of the TL is unknown. These regions can be identified and the nature of
the 7L in adjacent areas may in many cases lead to a reasonable expec-
tation of its behavior in regions where it is not directly observed.
Figure 1 shows the location of all TLs encountered by 0GC-6 around the
summer solstices of 1969 and 1970. The position of the TI is plotted
for all encounters in the local time region between 21 h and o4 h. The
data coverage outside this region is quite small; it is expected that
whithin this interval the local time veriation of the TL altitude will
be very small.

2, Results

Let us consider first the data in the southern (winter) hemisphere
‘in Figure 1. In the Jopgitude region between 60° and 150° (referred toas
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region A) there exists & well-defined banded structure with bands that
appear to be parallel to the dip equator. The fact that the TL has not
been located in certein regions within the volume sampled by the space-
craft means that in these regions the TL lies below 600 km or above
1100 km, Observations of the individual C* and It number densities may
be used to determine whether it lies above or below. In the longitude
region -%30% to +60° (referred to as region B) the banded structure is
even more pronounced in the southern hemisgphere. There is a distinct
lack of TL encounters between the two bands, and investigation of in-
dividual Ot and H* number densities showed that, in this region, the
TL lay below 6oo km altitude. In the longitude region -180° to ~360
(referred to as region C) no banded structure exists as in regions A
and B, This simply means that the TL usually lies above 6oo km at 211
latitudes.

The greatest veriebility in the TL altitude is seen at the equator,
In the dip latitude region -15° to +30° and the altitude region of Yoo
km to 1100 km, the distribution of G' and H' mey be considerably affec-
ted by neutral winds and E x B drifts leading to a large variability in
the TL altitude. Figure 2 is a plot of TL altitude observations versus
diy latitude for region A showing a minimum in 71 at about -30° aip
latitude. The region below T7oo km does not have such uniform sampling
ags at higher altitudes such that we were unable to define the precise
nature of the TL surface., Nevertheless, the minimum is well shown by
the rapid changes in the TL altitude in the narrow dip latitude regions
- =157 to =59 and -600 to -éBo. The changes are such thet, in moving equa-
torwerd in the region -15" to -59, the TL altitude changes from about
700 km to 11co km and, in moving poleward in the region -45° to -60°, it
chages from about 7oo km to about 1100 km, '

Figure 3 shows the altitude variability of the TI versus dip latitude
in region B. Here the features described in region A are retained but
the position and variability is confined to the region from 1ooo km to
1100 km. A minimum in the TL altitude is still evident at -300 dip lati-
tude, but here there are large changes in the TL altitude in the regions
~20% to0 =59 and ~-50° to =359, Thus the trough or the minimum in the TL
surface appears to be narrower in region B than in region A.

. Pigure 4 is & plot of the TL heights versus dip latitude in the re-
gion C. The minimum still appears at »300, but is less pronounced. The
points are scattered and it is difficult to draw the average surface,
However, the mean altitude at the TL minimum tends to be higher than in
the regions A and B. 4t the same.time the poleward slope of the TL sur-
face is shifted equatorward to ~40° dip latitude. Region C appears to
have the narrowest TL trough. :

In the northern (summer) hemisphere the TL altitude shows great va-
riability. No pronounced minimum can be seen in FPigures 2, 3 and 4, but
the TL points can .be found as low as 8oo km around +30° dip latitude.
The exsmined altitude range, with dip latitudes above +30%9, is not samp-
led uniformly by the satellite and the exact behzvior of the TL surface .
is not known. Around the dip equator, the 7L surface lies above 1100 km
as shown in Figures 2 and 3. TL altitudes were encountered by the sa-
tellite over the dip equator for the region C, which may lead to the
conclusion that, for most of the cases there, the TIL. surface lies below
1100 km.,

As mentioned above the local time variationsof the TI surface have
been ignored. This is justified because, after a detailed examination
of a probable altitude/local time dependence within the narrow dip la-
titude bands in different longituderregidng; ne such dépendence was found
in the local time interval from 21 h 4o o4 h. Referring to the TIL points
encountered before 18h30 local time and not plotted here it is:easy ‘to
reach the conclusion that, in winter midlatitudes (-20° to -40° dip la-
titude), the TL drops from about 11oo km down to 600 to T7oo km between
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18h%0 and 21hoo local time. Moreover in the altitude range from
1050 km to 900 km for this dip latitude range, no TL has been encoun-
“tered between 19h4o and 21hoo local time. This means that the TL
surface over midlatitudes falls repidly after sunset and attsins its
normal nighttime level probably within an hour or so. The IRI-T7S pro-
grams together with the CCIR numerical map were run in order to exami-
ne the predicted behavior of the TL surface in the nighttime midlatitude
and equatorial ionosphere.

3, Comparison with IRT

Tresent computations of the TL under conditions similar to thosetvith
GG(-6 measurements show no longitude dependence, @s indicated in Figure
5. by a thin line. The average TL surfsce taken from Figures 2, 3 and
4 is also shown for comparison. The dashed line in TFigure 5 represents
the F2-peak ion density @ltitude, which is given by the CCIK program
and is independent of the IRI. On the other hand, the CCIkprogram strong-
1y affects The IRI vertical models of ion density. There is a distinct
lack of agreement between measured and computed TL altitudes. In the
equatorial region (& 25° dip latitude) the TL-IRI altitude (as shown in
Tigure 5) ranges between 370 and 395 km, i.e. more than 6oo ¥m lower
than the measured TT altitudes. For the winter midlatitude region, pole-
ward from -25° dip latitude, the TL-IRI altitude is close to the minimum
of the measured TL altitude.

On the summer side, the lack of measured TL points does not allow us
to say how the TL-IRI model differs from the actual situation. However,
¢(the trend of the measured curves A, B and C above 900 km &t +300dip lati-~

tude seems to indicate an altitude difference of at least 300 km.

The dynamics of the ionosphere not taken into account in the IRI-TL
models should be responsible for the great discrepancy between measured
77, altitudes and those computed using this model. In the equatorial re-
gion some evidence for interhemispheric lon transport has been given
elsewhere /Bailey et al., 1973; Heelis et al., 1678/, Such a transfer of
Ot ions from the summer to the winter side through the equator would
raise the TL altitude in a way that would give the TL measured values.
The trough on the winter side represents typical midlatitude nighttime
conditions where the ionosphere descends due to the recombination in the
F-layer and the consequential downward fluxes of 0%t from above. In that
case IRI predicts the TL behavior fairly well. The poleward increase in
the TL altitude is a result of the H' upward fluxes near the plasmapause.
Here the 0 scale height should increase because of the increased pola-
rization of the electric field that couples electrons and ions /Banks
and Kockarts, 1973/. ,

In conclusion, the TL surface examined using the RPA data of 0GC~-6
exhibits & behavior which differs considerably from that based on com-
putations using the IRI-79 ion density model. The discrepancy is espe-
cially dramatic around the dip equator and near the midlatitude troughs.
Purther improvements of the model are needed, in particular the inclusion
of the dynamic characteristics.
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Fig. 1 Complete nighttime transition level encounters in the summer months
of 1969 and 1970. The full curve represents the geomagnetic equator.
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Fig. 2 Altitude versus dip latitude plot of TL points in the region A (60° to
150° longitude). BAn average TL altitude curve is drawn with full line.
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As in Fig. 2 for region
B (-30° to +60° longitude).

As in Fig. 2 for region
C (=180° to -30° longitude).

Comparison between the
average observed TL
altitude curves for
regions A,B,C (thick
lines and computé&d
altitudes (TL-IRI, thin
line) and F max
altitude as given by
the CCIR program
(dashed line).




3.1.3 Comparison of IRT with Vertical Frofiles for the lon and Ylectron

Tensity and klectron Témperature Deduced on Eoard Vertical TLocketes

K. Serafimov, I. Kutiev, L. Bankov, H. Dankov, Ts. Tachev,
B. ¥Xirov, T. Teodosiev

Central Laborztory fro Space Hesearch,
Moskowsks 6, Sofia, Bulgaria

Abstract: A compariscn is made between the model profiles given by the
ast verient of IRI for Ke, Hi and Te and the values measured on board
the rockets "Vertical®-3, -4, -6 and -7. The comparison covers the alti-
tude interval 2oc to 1500 km, and refers to the afternoon at middle lati-
tudes near the autumn equinox. The observed discrepancies between the mo-
del and the measured values are analyzed, and an explandtion 1s sugges-
ted connected with the dynamics of currents of magnetospheric and iono-~
spheric origin.

1, Introduction

The 'Vertical' rocket program was designed to provide better techni-
cal possibilities for ionospheric investigations, as well as for some
solar observations /Gringsuz et al., 1968/. Since the first rocket with
ionospheric payloed (Vertical-3 in 1975), & number of rockets have been
launched every year, in September or October, so that the measurements
are capable of giving comparative dats during & period of increasing
solar activity.

In this paper we consider the vertical profiles of ion densities in-~
ferred from thespherical ion trap, and of the electron density and tem-
perature inferred from a cylindrical Taengmuir probe. The data have been
taken from three rocket flights - Verticel 3, 4 and 6. All necessary
information about the measurement is presented in Table 1. The instru-
mentation considered here was made by Bulgarisn and Soviet research
groups and was almost identical during all these flights /Serafimov,
1977/. The only exception was the use of a fourgrid spherical ion trap
/Chepkunov et al., 1979/ on the .Vertical-6 rocket. This latter improve-
ment was favoured because it ensured a higher homogeneity of the ion
collecting area and limited the perturbations which the analyzing grid
introduced into the ambient plasma,

2, Results for Electron and Ton Densities

The comparison of the measured profiles with corresponding IRI models
is shown on the Figures 1, 2 and 3. The most recent IRI-79 /Rawer, 1480/
program, together with CCIK Flmaximum characteristics, were adopted for
geophysical conditions corresponding to the time of the measurements.
A1l flights ere carried out by day from the Volgograd rocket station
(449K, 499E) at the same solar zenith angle of 679.

Figure 1 present the vertical profiles of the ion and electron den-
sities measured by the abovementioned instruments in the Vertical-3
rocket., The dashed line shows the ion density profile calculated by IRI
using the CCIL values of hmF2 and KmF2. The profiles measured by diffe-
rent methods differ above 450 km, and this is due to the low velocity of
the payload near the apogee. In this case the data for the electron con-
centration are more representative, and vice versa, below 250 km the data
for the ion density seem more sensible. The IRI/CCIR profile ¢ cides
well with the measurements in the near meximum part of the Falayer. Above
350 km its values for the concentration are slightly lower; this may be
due to the lower ion temperature and, therefore, smaller scale height.
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Under 200 km the IKI/CCIK profile also gives lower values in comparison
with the measured ion density.

4 comparison of the measured Vertical-4 profiles of the ion (open
circles) and electron (full circles) densities and those calculated by
IKI is given in Figure 2. The continuous line shows the profile that
was computed using CCII: datae; the broken line shovis the profile with
given maximum electron density !ImF2 and its height hmF2. In this case
CCIK gives values of LmI2 and hmF2 which deviate by about 40 km in height
and & factor of two in maximum density. Again the IKI profile gives a
lower density &ebove the F2-layer maximum, and above 7oo km it coincides
with the measured profile of the electron concentration.

Tigure 3 presents a comparison of IKI profiles snd the measurements
made by Vertical-6 /Serafimov, 197%/. Here the IRI profile reproduces
well the measured ion and electron profiles when the values of ¥mF2 and
hmi2 are assigned to it. In this case the calculated ion density above

he maximum of IZ-layer. is slightly greuter than the measured one. The
meagured profile itself changes abruptly its scale height at an alti-
tude of about goo km, which formally responds to a stationary rising

flow of ~1oYem™e /Serafimov, 1979%/. It is possible that such a non-
stationary picture would give rise to the fact that the calculated ion
density above the maximum exceeds the measured one. Below the maximum
of the ¥2-layer, a "valley" with & minimum at 130 km is measured which
is absent in the IRI profile, :

3, Results for Hlectron Temperature

In the experiments considered here, the electron tempersture has
also been determined by a Langmuir probe. Figures 4, 5 and 6 show a
comparison of the measured and the calculated Te according to IRI for
the three rocket flights. Yhen calculating Te according to IRI, the
corresponding measured values of LmF2 and hmP2 have been introduced.
In Pigure 4 we heve shown a comparison of Te as calculated by IRI,
(full line) and as measured by Vertical-3 (circles). Within the whole
height range, Te (IRI) is lower than the measured value, and above 300
km this difference exceeds looo K. It is seen that, zbove the F2-layer
maximum, the calculated and measured gradients of the temperature dif-
fer considerably.

In the experiment with Vertical-4, the comparison between Te (IRI)
end the measured Te is shown in Figure 5. Unlike the previous case, here
the coincidence up to 1ooco km is complete apart from insignificent dif-
fevence in the temperature gradient above Too km. Figure 6 shows the com-
parison using the data from Vertical-6. In this case the difference is
greatest near the FZ-layer maximum. In the height range up to Yoo km, the
calculated Te is lower than the measured one.

4, Conclusions

The comparison of the IRI models for the ion density and the electron
temperature with the corresponding measured values, obtained using the
"Vertical" rockets, gives some idea about how far IRI presents satis-
factory results. Unfortunately, the number of comparisons is not suffi-
ciently great for a precise estimation of the rehability of the IRI pro-
files, but they serve as an preliminory test. The general conclusion
drawn from these comparisons is that CCIR does not always give good values
of MmF2 and hmF2. In this work we have mdde an attempt to exclude the
influence of CCIR, and the values of these quantities have been taken
from the measurements. In this case the calculated ion density immedia-
tely above the F2-layer maximum was found to be lower than the measured
one in two out of three experiments. This is probably due to the use of
a lower value of the scale heigth or of the ion temperature.
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The available data from the measurements give an opportunity for a
comparison of the electron temperature as well., In two out of three
cases (Figures 4 and 6) the electron temperature calculated according
to IXT is lower then the measured one. The difference in the Te height
gredients above the ¥F2-layer maximum is probably due to the variability
of the heat flux coming from above, and this is connected with the to-
tal content and temperature of " in the magnetic flux tube.
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3.1.4 Bmpirical F-Region Model Development Based on S3-1

Satellite ‘Measurements *

C.R. Philbrick

Air Torce Geophysics Iaboratory, Illanscom AFB/Mass., USA

Abstract: The ion mass spectrometer experiment on the S3-1 satellite
collected measurements of the density of N+, O+, N,*, NO* and 0,% in
the altitude region 150 to 500 km for a period of approximate1§ six
months. Measurements from approximately 18oo orbits, which cover all
latitudes for both summer and winter and four local time periods,lave
been studied to characterize the ionospheric variations., Mean profiles
and median profiles with upper and lower quartile values, which show
the data range, have been deduced from the measurements. The variation
of the ion species deunsities with latitude, solar zenith angle, season, .
geomagnetic activity, and latitude has been compared with ionospheric
models, such as the International Reference Ionosphere (IRI). Differen-
ces in profile shepes and relative composition from the IRI model are
discugsed. The response of the ionosphere to geomagnetic storm effects
is shown in several cases where molecular ion densities can become do-
minant over atomic ion species to altitudes above 300 km.

1, Introduction

Several studies have been carried out toward the development of a
useful model for predicting the mean ionospheric properties based upon
various collections of data. The Bent-Llewellyn /1973/, CCIR /1967/
and IRI /Rawer et al., 178/ models rely heavily on the extensive data
which have been collected by ground-based ionosondes and satellite top-
side sounders. Some in situ electron and ion density profiles from
rockets and satellites have also been considered in formulating these
models. The parameter which is best described by the models is the elec~
tron density near the peak of the F2-region, which is directly determined
from the plasma critical frequency. However, there is significant un-
certainty in the shape of the density profiles, particularly in the lower
F-region., The only effort to date to empirically model ion composition
has been that of the IRI model which is based entirely upon the summary
of 41 rocket probes which was prepared by Danilov and Semenov /1978/.

Using the data base from the S3-1 satellite mass spectrometer, the
initial stages of an empirical model for the altitude region between
150 aidd 500 km have been completed. This paper is an interim progress
report on this development. kxamples of the data, a general description
of the modeling approach and initial results from the investigation are
presented.

2, Experiment

The mass spectrometer experiment on the S3~1 satellite /Philbrick,
1976/ provided a data base of about 1800 orbits
of ion density measurements covering the period November 1974 through
May 1975. The density of the five primary ions, N¥, OF, N,*, NO* and.0,”,
was measured each second, but this study only considers thiose measure-
ments made each 10 seconds when the instrument axis was most closely
aligned with the direction of motion of the spimming satellite. A compa-
rison study of the ion density measured by the S3-1 as it passed through
the F2 peak with ground-based ionosonde measurements of the foF2 pro-
vided an opportunity to test and calibrate the instrument performance.

A total of 73 cases were located where the satellite was passing through
the F2 peak within a 5°x5° latitude and longitude hox centered on the
ionosonde station, and an foF2 measurement was available within 15 mi-~

% 159




nutes of the satellite overpass. o trend which would indicate & long
term sensitivity change wag observed and the standerd deviation of the
comparison wes 26%. In another study /ihilbrick et al., 1.872/ & direct
comparigson wag made fro five nesrly coincident measurements with the
AFEROS-B impedance probe, The ratio between the measurements from the
two satellites waes l.00 + .06. Fased on these studies and the labora-
tory calibrations, the reported ion densities should be accurate to bet-
ter than + 15% and the relative ion composition accurate to better then
+ Tod for densities greater than 5. 10°m™

3, Measuremente

Pfigure 1 shows an example of part of an orbit neer perigee for day-
time conditions. This orbit ie typical for a geomeagnetically guiet period
even though some wave structure is ohsérved in the southern midlatitude
region. hote that the #t typically follows the Ct response but at a den-
sity of about 1% of the CY on the day side. ilso, the molecular ions
have & generally simileér behavior., Pigures 2 to 4 shovi examples of some
of the features which are commonly observed in the data set. These exam-
ples are included to indicate the quality of the datz, show the varis-
pility of the ionosphere, @nd to provide clear examples of three of the
features which occur in the F-rogion.

Pigure 2 shows the results for orbit 1596 which occurred 15 orbits
(less than one dazy) after the results of Figure 1, but these results
were obteined near the peak of a geomagnetic storm corresponding to a
K = 7. The left~hand side of the figure corresponds to latitudes within
+P300 of the geomagnetic eguator and the character of the medsured pro-
Tiles is similar to that of Figure 1 in the 1~ and F2-regions. However,
the right-hand sicde of the figure, vhich corresponds to geomagnetic la-
titudes between 30° and To®, shows the strong effect of the storm. The
¥2 peak venished, primarily because of the loss of C* due to the -change
in the 0% + I, -=» NO* + N znd Of+f%;4>ot0 recction rates (followed by
dissociative “ion-electron recombination) in the presence of strong elec-
tric fields /Schunk et al., 1975/ and the lerge enhencement in the den-
sities of L» &nd Co in the thermosphere, The N.* ion density is increased
due to the enhanced Nz density and ionization Pate from precipating elec-
trons. Fetween 60° wnd 700 geomagnetic latitude large spatial irregule-
rities zre obsexved with the 07 density chenging by more thsn a factor
of 1o betvieen measurements which are spaced horizontally by about 7o km.
Luring this geomagnetic storm and others that have been examined, the
cross-over from molecular to atomic ion predominance has been found as
high as 4oo km, instead of the normal cazse which is near 180 km.

Pigure 3 shows an example of nighttime measurements which are charac-
teriged by the steep. density gradient on the bottom side of the F2-region
which generally becomes steeper at the lower geomegnetic latitudes. Theis
orbit also shows the charscteristic of the fountain effect, also cazlled
Lppleton @nomely /Appleton, 1946/, over the magnetic equator. The mole-
cular ion profiles exhibit the transport upward from the F-region into
the Fl-region directly over the magnetic eguator. :

Figure 4 gives an example of the ion density as the satellite passes
through & strong auroral disturbance near the satellite's perigee. Cver
& range of & few degrees of latitude, the ion density is increased by
more than a factor of 20 due to ionization by energetic particle pre-
cipitation.

4, Modeling Approach

The measurements for each ion species and for the total density have
been divided into datea bins with the following set of ranges:

Altitude/km: 150 to 160, 160 to 170,..., 280 to 290, 2%0 to 310, 310 to
30,..05, 490 to 510, .
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Loler zenith engle: 600, 60° to 700, 70° to 900, ©0? to 1100, 110°,

fagnetic index: 0« kp«?2, 2 £ kp<L 4, kp>4. R

Totitude (geomagnetic): ZS0%to =70 -70°to ~605 ~60%to =459 ~45%0 -15%
-15%0 0Y (%to +159 +15%t0 +45% +45%°t0 +605
+60° to +70% +70%t0 +%0f

Setson: Liov to Feb, lar to .pr, Foy to jfug, Sev to Cet.

Ltudies were clso made by subdividing the date further to examine the

dependence on cunsrot number, AE index and DST index.

From exumination of the data it was apprrent thet in order to deve-
lop @ model of mean conditions, it would be necessary to eliminate some
-0of the mecsurements which represented more unusual ionospheric con-
¢itions. These measurements which were outside of two standard devistions
from the log mcun of each bin were elimineted. lost of the snalysis
hee included the cazlculetion of the mesn, median, end upper and lower
quertile values for cach dete bin. The data bins thet have been used
generelly contain between 50 and 8co messurenents. Pigure 5 shows an
erample of the mean curves for the totel ion density in the latitude
ronges from (0 to 150 wnd from 159 to 45° under nighttime conditions.
szclh point rerresents the mean of the logsrithimic vaelues for thet dets

Pigure & the altitude profiles hetween 150 snd 270 km cre shown for

five latitude divisions in the winter hemisphere at night. The curves
w a strong variation with latitude. At higher altitudes, near the
peck, the highest density is near the eguator and this profile has
the strongest zltitude gredient. The profile, correcponding to the au-
rorel oval, 60° to 700, is nearly independent of altitude. The major
festures of this latitude distribution are duc to the constrainments
on ‘the ion diffusion due to the Tarth's megnetic field.

Figureg 7 ¢nd 8 show the mean profiles for the ion species and the
totel lon density &t midlatitudes under the conditions of winter night
end summer dey, »lsgo ghown in these figures iz the appropriste IRI model
meeén profile for total ion density &t 30° latitude. The mean of each
independent date Lin, represented by points on these curves, form rele-
tively smooth profiles because of the lerge number of messurements with-
in eech bin. ‘fowever, the shape of the I.I model profile is considerably”
different fror the ({3-1 profile in the lower F-region =t night. The agree=
nent between the TLI and S3-1 profiles is much better for the daytime
comperison. The curves ghown in Figures 7 end & represent the midlati-
tude mean densities. Ixeminetion of these profiles indicates the diffi-
culty in obtaining suiteble snalytic expressions for rerresenting the
global mean features in the ion species densities. From our efforts to
date, it appears that the total ion density profile for the S3-1 meen
conditions cun probably be represented analyticelly. Fossibly these shape
functions can be used with the much lerger data base of other models,
which contain a full range of solar and geophysical variations by norma-
lizing to the ¥Z peak density.

5, Conclusions

The area where the mass spectrometer measurements of S3-1 and other
satellites cen make 2 unique contribution to the modeling efforts is in
describing the relative ion composition. Figures 9(&...d$ show the rela-
tive ion composition for summer dey and winter night conditions at mid-
latitude and high latitude for the five principle ion species. Fxamina=-
tion of these figures lead to severwal intereSting conclusions regarding
the ion chemistry processes and the neutral species distributions, but
these conclusions will not be discussed in this raper. The present rec-—
son for exemining these cases of relative ion composition is to show thut
the species densities could be obtained from interpolation within a rea-
sonable size table if an adecuate total density model profile is avai-
leble. This approach of using relative ion composition is the method
currently used in obtaining species profiles from the IRI model. Some
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comparisons of the §%~1 mean ion composition and fthe IRI composition
mocel are made in another paper in this volume(43-2):
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Editor's note:

1t is shown in the 1ast section of paper 1.%.2 /ITnilbrick et al./
that congiderable discrepancies exist between rocket and gatellite ion
composition measureménts ot altitudes zbove 160 to 180 km, sSee Figures
3 and 4 of paper 1.%.2. The euthors of this letter paper feel that com=-
pared with rocket data setellite measurenents ere not only made more
often but &lso are now more relizble. Yote that, for heights up to Zoo
km, IKI 78 is exclusively based on rocket measurements of ion composi-
tion.

+ Taper presented at 1981 Samposium on "The effects of the Ionosphere
on nediowave Systems" (jointly sponsored Dby ¥,k I., O..ER. and L. F.G.T)
held at Alexandria/Va. Lpril 1881,
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3.1.5 Temperzture Control of Cluster Ion Concentration

karia Lymek

Folish icademy of Lciences, Spece Research (entre,
warsaw, Yoland

Abstract: In ovder to assess the chences of producing detailed models
07 the cluster ion population in the lower ionosphere, the effect of
thermal breakup of HCH(A,C)_  ions is discucsed. To this end two extreme
ceces were considered, both based on & complex chemical model. $The re-
action rate constants were either tsken for & tempercture of 300 ¥, or
for a complete neglect of thermal breakup. ¥When adorting & temperzture
of 300 X, which exceeds the real ionosyheric temperature, thermal break-
up leads to the disappearence of R(*(71.C) and seriously influences the
concentration of HY(I.C)_ with n > 3. ¢ 0 ohe uncertsinty of the reac-
tion rate constants afd their temperature dependence prevent a standerd
model from being established. Even if this problem was recolved, the
known variations of femperature near the mesopsuse should be taken ae &
warning egainst giving detailed indicetions in & stendard model like 1iI.

1, Introduction

In chemical reactions of cluster ions, heavy ions with low binding
energies are both the reactents and the producte. The dependence of re-
action rates on temperature is strong, usually exponential, and this iz
due to the weak bonds.

Lecause of experimental difficulties, our present knowledge if the
temperature dependence of the reazction rate constaents is rether limited.
laboratory data were usually obtained st 3oo K, while the temrerature in
the ionosphere may often be different. The use of thece rete constanfs
in model calculations very considersbly influences the computed ion con-
centretion profiles, notably at heights &t which the ionosrheric tempe-
ratures differ spprecizbly from 300 E, e.g. at the macopause level,

The lack of laborutory measurements of the temperature dependence of
the recction rate constants for H(* clusters creztes cerious diffieul-
ties in the study of the ion chemistry of the lower icnosphere. i contro-
versy exists, in perticular, over the reaction rate constaznts for ther-
me) breakup of NG+(HI,C) . The constants Wpagured in the lzboratory &t
300 K are in the range Brom 10740 to 10~ m?g~1; see Fehsenfeld et al.,
/1871/ and Pucket and Tezgue /1¢71/. On the other hand, the binding ener-
gies of WKO*(H,C) , &5 measured by French et al. /1¢73/, are 0.79, 0.6$
and 0.58 eV for ® n = 1, 2 and 3, respectively. Leid /1677/ suggests that,
since these energies are so high, the thermal breakup of these ions can
be neglected at typical i-region temperatures.

In order to obtzin upper snd lower limits, the computations were made
“using the reaction rate constants corresponding to 300 ¥ /Fehsenfeld et
al., 1971/ on the one hand, and neglecting thermzl breakup completely on
the other. For a few reactions for which measurements exist, we also took
account of the measured or estimated temperature dependences of the re-
sction rate constants., Three different 'standard! tempersture profiles
were considered; that given by Gurevich /1978/ lies between the two 1i-
mits, WARM and COLL, given in CIKA 1972 (Iigure 1 for 70° latitude) which
are intended to represent the winter and cummer mesosphere, respectively,

The set of chemical reactions adopted in the computations was fully
explained in another paper /Dymek, 1980/,
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2, Input Data

Lensity profiles of the neutral atmosphere congtituente 32 C,ry C
end (, perticipating in photochemical processes were taken from Nt
1¢72,” whereas the densities of . (ta g, q,G, GGy, (1, IO, and G
were taken from the. USA ilendbook 719737. : ©
¥or HC, leira's /1671/ profile wags used. “hotoproduction rates in the
ionosphere were calculated using the guiet Zun spectrum of Heroux et al,,
/1974/, for moderate solar activity (Covington index #(10.7) = 120).
absorption cross-sections and photoionization efficiencles were taken
from Cshio et al., /1966/. :

Ionization of excited C (1A.g) wos also taken into account follo-
wing Taulsen et al., /16G72%. Yhe chemicel resction rates used in the
computations were taken from held /1277/, Ferguson /1¢74/ and howe et el.,
/19747 .

The computations were made for two different temperature profiles
called iRk and COLL; as for the A,C concentrations feid's A1475/ model
WET was used. <

3, Hesults of Computaticons

The effect of thermal brexkup of 5c*(,0). on the concentrations of
10% hydrates and of HT(H,C)  (with o grea® ' ter than 3)- was first com-
puted either neglecting % “thermal breakup corpletely, or else assu-
ming the large resction rates found in the laboratory at 3oo K. is could
be expected, the 300 ¥ thermal breakup of NO*+(i1,0). leads to the dis-
appearence of these ione, and also reduces the Eontentration of H+(HZO)
with n>3 by a factor of more than Toco. n

It has already been pointed out by held /1977/ and Lowe et al. /16747
that the presence of hydrated protons in the ionosypiere above To km is
due to the reactions that coavert uCY(4,0)  into H*(J,0)_ . This is the
reason why a decrease of KOV hydrates, © resulting “ from thermal
breakup, is followed by a decrease in the H+(H20)n concentration.

T4 appeared further that below 8o km the thermal breakup of NO+(H20\
causes an increase in the concentration. of the unhydrated HCT. n
wnen making compsrisons with messured ilon densities, it iz important to
note that srtifici&l breakup of ions may produce erroneous results in ion
compositicn meassurements aboard rdckets. The increase in the ambient tem-
perature caused by the shock wave of the rocket may destroy the LCH(H,0)
ions, so thet they are not recorded. In fact the measurements of < 'n
Johennessen and Krankowsky / 1974/, made .at reduced rocket speed- in the
summer polar atmosphere (i.e. at low temperature), reveéaled the presence
of HGT(1.0) and HC*Y(H.0),. is & general rule, the more carefully recent
experimefits were madey tﬁe more cluster ions were found. )

Toth cases considered in this first approach are, of course, unree-
listic, so thet the computed range of variability is too large. A more
reslistic deduction should take account of a realistic temperature pro-
file, and of the temperature dependency of the rete constants as far
25 the latter is known. For Figures 2a, b, the mean temperature profile
of Gurevich /1978/ (curve 3 in Figure 1) wes assumed. The solid curves
represent the ion concentration profiles calculated with an allowance
for temperature dependent reaction rates, while for the broken curves,
fixed rates (namely corresponding to o0 L) were assumed. Because of the
greater rate of breakup at higher temperature, the concentrations of
cluster ions are notably higher in" the first more realistic condition.
According to Kebarle et al. /1967/, an increase in temperature causes
also a decrease in the direct hydration rate, so that the rates of clus-
ter formation end breakup both depend strongly on the temperature.
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Compérison with the 300 I condition shoys considerably greater den-
sities of #11 clusters under realistic zssurptions. Cnly &t heights

telow zbout 75 km de the first and second hydrates of protons heve gres-
ter deneities at the higher tempersture, zs 2 result of enhanced ther-

mel brezbup of hecvier ions. The possibility of such an effect wes poin-
ted cut hy Irankowsky et el., /1972/ when interpreting day - measure-
ments of ilon compositicn. .

rinelly, eimiler czlculations were made for the temperature profiles

e
VAR end CCT.L of CIRA 1972 (curves 1 &nd 2 in Pigure 1); the results

chow . an increase of the concentration of both H+(H?C N (vith ns 3)
and NOV(I.C when switching over from L..EY to CCYL,” * see figure 3.
v n & ’

4, Conclusion

JFositive cluster ionc in the lower ionosphere ere subject to & very
streng temperature control, “ven when spec¢ific winter anomaly conditions
are neglected, the renge of temperature variation nesr the mesopeuse ig
50 lerge that the different cluster concentrations may very by orders of
nagnitude, particularly above 75 km., Thus lurge differences of concen-
trations messured under different conditions are not at &ll surprising.

S
It appesrs therefore thot, for an empirical model like IRI, it is in-
eppropriste to cpecify relative aboundances of clusters of different
orders, rather than to give:gome percentage abtndance of @1l the clu-
sters-vogether as compered with that of the moleculsr ions.

16¢




m

1. CIRA (1972) - Model WARM
9. CIRA (1972) - Model COLD
3. Gurevich (1978)
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Fig. 1 Three temperature profiles: CIRA (1972) WARM and COLD; Gurevich (1978).
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Fig. 2 Calculated profiles: a) water cluster ioms; b) Not clusters;
taking into account temperature dependence of the reaction
rate constants and the real ionospheric temperature (solid
lines) or using the reaction rate constants for 300 K (broken
lines).
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Section 2 Planetary Listributicn

3,2.1 TFroposal for “Napping' the tpectral Components of fo¥Z

ALK, Taul

¥at. (ceanic and itmospheric idm., Boulder/Colo., USA

Abstrect: Seversl years ago a spectral analysis of the monthly medisn
0f tne meximum plasma frequency in the TF-region (foF2) was performed.
411 data reported for a period of at least three years &t a given sta-
tion were included in this snalysis and -some first results were publi-
gshed /Paul, 1¢78/. In relation to the "International Reference Iono-
sphere” the question was raised, whether at least the most significant
components could be described by empirical relations with geographic
or magnetic coordinates and sunspot numbers in the form of a computer
program, This led to some further studies with major emphasis on the
solar cycle dependence.

1, Introduction

In our particulsr /Faul, 1978/ anelysis, @& bandwidth of 1 cycle per
vear (&”') was used resulting in & spectral resclution of the seme width.
In this way the seasonal modulation of the diurnal variation could be
represented by combining Ycarrier frequencies" and sidebands., For exams
ple, the semidiurnal veariation appear? e a triplet with,h sidebands 1@’
aboye and below the carrier at 2 day™', i.e.: 2a~-1 - 1a~", 2d“1, 247+
1a~'. No attempt was maede to resolve similarly the fine structure due
to the solar eycle, because of the complexity of its spectrum end the
scarcity of stations with sufficiently long data records. Amplitudes
and phases of the specfral components obtained are therefore still slow-
ly chaenging in time with the sunspot cycle. For comparison, the monthly
Zirich sunspét numbers were passed through & filter with & bandwidth of
12~ corresponding to the bandwidth used in the spectral anslysis. A
second~order least-square fit was then applied to the spectral compo-
nents using only stations having data records over at least 11 years.

It was found that in most cases & linear approximation would be suffi-
cinetly accurate.

2, Results

The "constant" term of foF2 has, of course, the largest value; it
is shown (in FMHz) in Pigure 1 as a function of the magnetic latitude
for a filtered sunspot number K = 1oo. The verietion is relatively
smootih and approxi tely symmetrical sround the megnetic equator. Fi-
gure 2 shows the relative change of the amplitude for & change of sun-
spot numbers of 1oo as a function of latitude. Surprisingly, there is
very little varistion, which means that worldwide this term changes uni=-
formily by approximately 35% for a change in sunspot number of 1oo.

The amplitude of the semiannual component is shown in Figure 3 and
shows a variation with magnetic latitude similar to_that in Figure 1;
the spread of the data, however, is much larger. (Cn the other hand, the
phase of the same component is gquite well defined ,as seen in Figure 4,
It is approximately constant over a wide vange of latitudes, changing
slightly towards the poles (the phase is given in fractions of a cycle
relative to 16 December at noon). For higher frequencies the latitu-
dinal variation of the amplitude becomes more complex and is less well
defined as can be seen in Figure 5 for the 24 h period (frequency 1d-1).
Again, the dependence on the magnetic latitude is similar to that in
Figures 1 and 3. The relative change of the amplitude with sunspot num=~
ber shown in Figure 6 is quite different from that in Figure 2. There
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we had approximetely the same value for all latitudes, while here the
values chenge from positive at high end midlatitudes, to negative in
the vicinity of the magnetic equator., In Figure 7, the phase of the
divrnal period is plotted as a function of the dip angle. The phase
values for high and low latitudes are approxiamtely eqguel, and are
higher than those for midlatitudes; this means thet the maximum of the
24 hour period is recched earlier at midlatitudes than at nigh or low
latitudes.

Instead of presenting the seasonal sidebande of the diurnal (24 h)
period individually, we computed the modulation. This is the sum of the
amplitudes of the two sidebsnds, which differ by + 1e=1 from the exact
24 h period, divided by the amplitude of this lat¥Ter. This 'modulation
ratio! is shown in Figure 8 as a function of the magnetic letitude. It
hag mexima et midletitudes and very low velues at the magnetic egquator
end near the poles. There acre, however, a few exceptions and there is
one extremely high value for irgentine Island which is located in the
South Ltlentic enomaly. There is &lso an indication of zn csymmetry
between the two hemispheres (velues are higher in the northern hemi-
sphere than in the soutnern). The amplitude of the semidiurnal compo-
nent is shown in Figure ¢ 28 a function of the dip engle. Apain it seems
to be similer to the amplitude plots shown ahove., The phase of the semi~
diurnal component {(frequency 2d-1) shown in Pigure To, and it shows &
greater variation with latitude than the diurnal component.

3, Discussion

The examples shown are not a complete set of a2ll the components found,
but are typical of the general situation. The amplitudes shown are rough-
1y similar in their variation with latitude, but are different in magni-
tude and in scatter around & mean curve. i&rt of the scatter, of cource,
is due to 'noise' caused by different effects. (ne factor is the gquali-
ty and reliability of sounding eguipment, including its calibration and
the reduction of the records. luring the very high sunspot maximum in
1¢57/1958 the noon critical frequency foF2 at some stations exceeded
the upper limit of the frequency range of the ionosonde, leading to a
- distortion of the diurnal variation of foF2 and to errors in the spec-

- tral components. There are also geophysical reasons, for example, the
high rate of occurrence of spread-F at certain hours, which results in
emaller numbers of measured values and hence in less reliable monthly
medians. &t present, it is virtually impossible to estimite the noise
level, especially since 1t is likely to change with season, sunspot
cycle and equipment changes.

snother part of the scatter is caused by the complex structure of the
Barth's magnetic field., It has been shown, for example, that the phase
of the 24~hour period, and aslso the modulation in the 24-hour band, are
closely related to the magnetic declination /Paul, 1578/.

In the world-wide picture, the amplitudes of the components used in
ouy analysis show more variation with letitude and more spread than do
their phases, seasonal modulation, and amplitude variation with sunspot
number. It should be. feasible to find simple functions to represent all
the spectral components in their lestitudinal variation and sunspot de-
pendence. Since higher fregquencies then 2d™' were not concidered, it can-
not be expected that data recomputed from those spectral component func-
tions will always agree very closely with the observed data, but the
errors should be well within the day-to-day variability of foF2, with
a few exceptions, e.g. in the arez of the Zouth iLrlantic anomaly.

4, Conclusions

Such & model could be significantly improved by applying the analysis
to the data recorded since 1972, which was the last year included in the
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date base used so fer. This would increase the number of stations with
at least 11 years of date collection, thus providing & better resclu-
tion of the global variation. This in turn would permit & more detailed
study of the dependence of the spectral components on the magnetic fielc
vector and would yield a2 more cccurete and more detailed model. With
guch & global description of the spectrzl components and thelr depen-
dence on sungpot numbers, & representative value of the critical fre-
ruency foF2 could eesily be computed for any locetion, any given time
and any given sunspot number.

Comparing ite complexity with that of the descriptive models actu-
ally used in the present IHIL, ours has certainly more parameters
than that of Chiu /1975/, but fewer than the officizl CUIR model /1974/.
¢f course, the quality of representation achievable with models depends
on the number of coefficients used, but it depends &lso on the choice
of the functions used. Since we tried to choose our freguencies for
reasons of 'geophysical economy', we feel that our model presents some
advantages. Since CCIR, for each individual month, hes independent sets
of.a large number of coefficients, our representation is cértainly more
economic. we hope it mey be possible to establish an easier, but never-

theless sufficiently accurate descriptive worldwide model along the lines

of our approach.

In conslusion, it may be remarked that foF2 ig only one of the para-
meters included in IRI. It can be expected that other uantities such
as temperature, height of meximum etc. will show similer complex be-
havior if studied in deteil, and this should be kept in mind in compa-
ring observations with the International Heference Ionosephere,
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3,2.2  Comparison Of the TRT ¥odel and the Leal Tlanetary Tistribution

of F2-Ionostheric Layer Charged iarticles Pased on Satellite

Mezsurement Dats

1.%. Pelev, f.£. Goldin , L.G. Greenwald, V..i. Tavlenko,
n.I. Savin, V.L. Telrose

TFolytechnical Institute, kherkov, ULSH

Lbstract:inthis paper the planetary distribution of electron concenixi-
Tion in the F2-layer, as given by the IRI model, is considered, and com-
pared with the real distribution of the total charge concentration, &t
one preselected altitude, measured during the flight of Kosmos=46%. The
comparison shows possible differences between the real global charged
particle concentration distribution and the average used in the IRI mo-
del. The measurements also disclose some new information on the iono-
spheric fine structure which was naturally not available during the
elavoration of the IKI.

1, Introduction

Kosmos 469 was launched on 25th Tec. 1971 in & circular orbit of
650 inclination at 268 + & km altitude. Lecause of the Ferth's rotation
snd orbital precession on every Dass, the track of the satellite was
displaced in longitude by 52,70 to the L.est relative to the Tarth's
surface., dor 16 orbits; covering almost 24 hours, the tracks formed 2
grid with a 22,79 longitude separation over & lztitude range of 650,
The grid lines formed during the subsequent 16 passes were displaced
to the “est relative to the former ones by 30, or 330 km at the eguator.
The entire Larth's surface was covered uring the first 111 orbits.
The 112%th and 113th orbit coincided with the first and second.

The asscending branch of the orbit wes fully illuminated by the tun.
The major part of the descending pranch was in the Earth's shadow, with
twilight conditions in the latitude range 4593 to 6595 where the solar
zenith angle approached zero. Direct measurements of ion concentration
wére made continuously during ¢ days (144 passes of the satellite) from
25th Tec. 1971 to 3th Jan. 1972, under conditions of guiet
activity.

The instrument used for the concentration measurements included pla-
nar ion trape mounted on a boom 1.5 m long and a measuring unit placed
inside the instrument container. The measuring unit consisted of an ion
current modulator, an a.c. amplifier with autometic selection of the
measurement renge, .end & synchronous detector. The entrance apertures
of the ion traps were oriented along the incoming flow velocity vector
throughout the entire experimental period.

“ Tn the zone of direct view, the data were transferred to Barth with
a sampling rate of 50 iz. Eeyond this zone the information was recorded
by the onboard memory with a sempling rate of o.1 Hz,

2, Results and Comparison with IRI

The information was decoded on the ground at %0 s intervals corres-
ponding to 240 km along the satellite orbit. The average concentration
values in such intervals constituted our input data. The total error
of the ion concentration measurement due to errors in measuring the ion
trap collector current, and to the effects of satellite body potentieal
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veriations, and of the date recording, storing, transmigsion a?g pro-
cessing, did not exceed 1ol (in the density range of 10° to 1o'4m=J)

The expgriment made it possible to obtain a continued succession
of 26.+ 10”7 values of ion concentration along one orbit. For comparison
the TRI model was uged to calculete a planetary distribution of F2-
layer cherged particles. The peak date (EmF2, imF2) were determined by
the Chiu-method. The results from the model and from the satellite are
shown in JFigures 1 to 4 ag meps of the plasma density distribution over
the Earth's surface.

Figure 1 shows the plasme density distribution for the daytime iono-
sphere as given by the IRT model. The scale that connects the local time
in the pass area with the geographical latitude of the satellit?1is gi-
ven on the right. The minimum value is in the range 1T %03 . 10 'm-3
see the upper and lower parts of the Figure. The maximum value varies
from 1 to 3 «1o0'4m~2, see the equatorial zone. Figure 2 shows the sa-
tellite date for a series of passes covering 24 hours. In Figures 1
and 2, there is a rough coincidence of the global distribution of char-
ged particle concentration, but the measured values are lower than those
calculated from the model by approximately half an order of magnitude,
The absence of fine structure along the equator in FPigure 1 is quite
neatural since the model is based on an average latitude statistics,

Figures 3 and 4 represent the nighttime distribution as given by
the model snd by the satellite respectively. The nighttime lonosphere
differs much mére substantially from the model and is characterized
by far more fine structure, and & very uneven geographical distribution.
Within the long, nearly homogeneous areas, one can see more than 3o
clearly separated zones with. concentrations lower then those in the
background by several orders of magnitude, and perhaps three less de-
veloped zeones with higher concentrations which we congider as less
typical.

Lfter seven days the whole map was covered with satellite passes
conteining data points spaced 330 km by 240 km from each other. We drew
closed contours through the points with equal concentration, and every
contour contains from several to several tens of experimental points.

A number of passes are shown in the Figures 2 and 4 as examples to de-
monstrate the 330 km shift of the nearest subsequent rtasses.

i

3, Comparison with Cther Measurements

These results seemed to provide shrong evidence to show that the
local and very detziled inhomogeneity of the night ionosphere is geo=-
graphically constant during at least nine days. Unfortunately, we had
no measurements of other sources, to make & full scale comparison of
the distribution for a longer period. Fortunately, we had some fragmen-
tary measurements, made along three passes of Kosmos 125, in July 1965,
which coincided with' some of the passes of Kosmos 46C. The circles above..
and below the map in Figure 4 give the numbers of passes for the two
satellites. There are 12 groups of curves in Figure 5. The solid and
dashed curves in each group represent passes speced 7 days apart in
the 1971 to 1572 experiments with the changes in density along esch
rass. Cne can see the remarkable coincidence of the -positions of the
maxima. Noreover one can see three incomplete curves for the 1965 ex-
periment (three left-hand side plots). The curves represented by the
dash-dotted lines in three cases out of four demonstrate, we believe,
the coincidence with data measured 5 1/2 vears later. Actually one or
two peculiarities on the o0ld curves could still leave some doubt about
the degree of constancy of the geographical picture.

It seemed to be of interest to compare our data with the measurements

made by Sharp, who used the U.S. Satellite 424 in Nov. 1963. Unfortuna-
tely, the space resolution of Sharp's measureménts was 1o times less than
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ours, because of 2 loo & time constant of his emplifier, but it was
good enough for tharp to discover a large belt of reduced ion concen-
frotion around the lorth Folar region &s shown in Figure &, The neighte
of Cherp's passes and their variatione (228 to 35S km) ¢id not permit

a very detziled comparison, but we found that & number of minima in
Sherp's curves did coincide with whet we had discovered. The curves

in Fipgure 7 are taken from Sherp's peper. we marked cbviouc minima in
the curves by circles (in the non-polar region), and then indicated

the geograpnical locations of these minimo with vertical lines on Figu-
re 4, which shows our results. hig cormparison ceems Lo provide evidence
for the constancy of the zones of dencity minimum in the nighttime F2-
layer both in time aund space.

It is & pity that Sharp hed only 4 1/ days &t hic ¢i 5
taining date,. otherwise he might have discovered the permenent zoneso,
even with his lower resolution. Cf course, the geographicel constanc)
is the m&in subject in this paper. The innomogerneity of the ionosphere,
as such, is a very well-known rhenomenon, snd certainly the Iud model
has never pretended to descrive it.

grosal]l for ob-
s

“hat about the lower layers of the ionosphere? Geveral months ago
a group of Soviet researchers, when enalyzing radiowave sbsorption mea-
surements using the A1 method, noted that the regions with znomzlously
Ligh daytime values of absorpiion in the L-layer coincide geogrephicall:
with the local zones of anomalously reduced concentration in the 'night-
time ionosphere for the F2 layer discussed above. It is worth remembering
thet the enomalously high deytime absorption in Alra-,ta (which wes not
explained during the International Geophysical Te&r 1057/1¢58) erceeds
the absorption in kostov-Lion, sishichabad, Pomek and Irkutsk by as much
as 10 to 15 dB. 48 can be seen in ¥igure 4, /lme-.t2 is sitvated in one
of the zones of znomalously reduced density of the nighttime ionosthere,
To avoid any micunderstending, we must strese thet the I~laver enomaly
refers to an incresse in the concentration.

4, Conclusion

‘e feel thet we have shown that there exist geogrephically vell de-
fined narrow locsl zones of reduced density in the night-time ionosyhere.
Therefore, we believe thot the time is coming when it will he desirable
not only to repest measuremends of thic kind, but also to look downwards
znd to try to find & source, or perhape sources, for the discovered phe-
nomena in the lithosphere.

Acknowledgement
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Tiscussion remexk:

"he IEI model, as pointed out by X. hewer, is &pplied either with peak
date fed in from tHe CCIE numerical maps, or with the much simpler appro-
ximstion due to Chiu /1675/. The zuthors have used the latter approach
which must end up with & very much smoothed map. Thit of CCIR (which is
recommended as first choice) also gave a complex pattern, but not so
irregular as Figure 4. In particular, the "holes" appearing in the egue-
torial zones would not be given by the CCIL-model., It might be that the
Thenomenon which is obeserved at constant altitude, could be due to an
ondulation of the bottom of the F-region which is seen wher cutting with
a satellite orbit of fixed altitude.
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Fig., 4b

Fig. 4c

Fig. 4d
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3.2.3 Urpper stmosyhere Lynamics and the Internstionsl heference ionogphere

E.¢, Fazimirovsky

Siverian Inetitu  of Terrestrial Lagnetierm, Iono
ledio fropagetion, fiberien lepartment of the ULk
of Leiences, 684033, ¥/L 4, Irkutsk, USSR

Abstract: The effects of upper etmosphere dynamice nave oty =0 hin1ly
Teen included in IXI. Yet transport processes are very significant fec-

tors in the space-time disttibution of ionospheric plesme peremeters.
hey effectively connect the magnetosphere, the ionosphere snd viricus
other regions throughout the atmosphere, and the lonospheric structure
is conditioned by the dynamics, In recent yeare several theoretical
models have been developed which consider the effects of lurge-scele
atmospheric wmotiong . Loreover thereare many experimentzl datea concer-
ning ionosrheric motiong: rocket and satellite meesurements, ground-
based radio sounding, including incoherent scatter, optical methods,
etc.

Thus, we may discuss the problem of elabhoreting & model of the iono-
spheric motions as an addition to IRI. In the first stage, it might
contein informetion about the horizontel ené vertical drift zs & func-
tion of latitude, ionospheric laver, season and phase of the soler cycle.
In the decond stage, the longitudinal effect and information about wave-
like processes might be included.

1, Introduction

It hae now become clear that the creation of physical models of the
urper atmosphere reguires both & theoretical and an experimental stud
of the velocity perameters of the netursl mecroscopic motions of both
neutral and ionized components of the ionospheric plasma. The CLIL-TC
model provides information not only about the empirical picture of the
spcae-time distribution of horizontal wind in the stratosphere ond meso-
sphere, msinly from rocket measuremewfs  but also about the general at-
mospheric circulation at ionospheric levels. However, these motions,
especially above 130 km, have so far been calculated only theoreticslly,
using the Havier-Stockes eguation for viscous compressible fluid cimul-
taeneously with continuvity equations, the eguation of censervation of
energy and the equation of state of a gas. The problem of the develop-
ment of a fully adequate model hes not yet been solved; this is due both
to methemetical difficulties and to insufficient knowledge of energy
sources and sinks, and also to insufficient experimental data for the
f mulation of boundary and initial conditions.

"he degcription of motions of the neutral abtmosphere hag so fer not
been included in the develorment of the IZI /lewer et sl., 1578a/. low-
ever, it is clear that the interaction bhetween the neutral &nd ionized
components realized in collisionsg with the associated transfer of energy
and momentum, uwltimately determines the space-time distribution of elec-
tron density.

Jonospheric motions may be roughly divided into two classes: hydro-
“dynamical (winds) and hydromagnetic (drifts). In the first case, the
energy is concentrated in neutral particles (but the ionization effect
does exist); in the second case, in electromagnetic fields, it is con-
centrated in the drifting charged particles, but later it is partly
transferred to neutral particles.-The presence of horizontal winds end
drifts, and the principle of conservation of mass, reguire the existence
of vertical moticns. L& is known, these may be associated with the hea-
ting and cooling essentisl for the ionosphere, ahd also with the redistri-
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bution of electron density cnd even ion compositicn.

Theze recsons, o well as the fuet that, for the solution ¢f many
cprplied problems the parameters of motions in the lonosphere are nof less
scentiel than the distribution of electron density, temperature and
ion compociticn, justify & considerstion of the guestion of supplemen-<
ting the model of the upper &imosphere and ionosphere with informetion
on the dynemicel regime. Thus, the rneutrsl wind model could egually
spply to rodels of both the CIF:i end the IRI type, but the ionospheric
drift mocdel (emnd verhzps the electric field models could specifically
apply only to IkI.

2, Expcripentsl Frocedures

£11 current methods of mezsuring motions in the ionosphere are based
either on obsexrving the motion of natural or artificiazl tracers moving
with the wind (drift), ot on measurements based on the effect of the
redium on mechsnical or electromegnetic waves propegsting in it /Kent,
1705 fvans, 1972; uagy end Cicerone, 1¢74; ¥azimiroveky and Iokourov,
197% /. iost exverimentel data on motions in the D- and E-regions have
heen obtained from rocket experiments (artificiasl clouds), meteor trail
reder, stoced receivers (041) with vertical incidence pulse soundings,
perticl reflections, cpace reception of broadcasting transmitter signals
and incoherent scatter measurements.

fost exyrerimental cate on motions in the FP-region have been obtained
by the spacedreceiver (I1) method, incocherent scatter or observetion
of the 6%0 nm Toppler ghift in airglow. The optical method provides di-
rectly the velccity of the neutral wind, while radio-physical methods,
et thece heights, &t best provide & pleasme drift velocity. inyway, global
monitoring of the upper atmosphere dynamical regime can be achleved only
by L1, opticel wnd other relatively simple ané inexpensive methods, while
mecasurements using rockets, satellites and incoherent scatter radars
might serve for calibrating and for acc/sicaal complex experiments.

f.ost appropriate for synoptic monitoring is the speced receiver me-
thod (1) in 211 ite modifications. Strictly speaking, it was this me-
thod thet, during the Internationel Ceorhysical Year, allowed the main
facte asbout the global disgtributicen of horizontal ionospheric drifts to
be discovered /[Harnischmicher and hewer, 1058; Shimsszaki, 1959; Lawer,
1450, Keo end Leo, 1963; lazgimiroveky, 1963a,b/. ’

Then for meny years, the quection of the physicel significence of this
riethod ¢nd of the different tyves of data treatment were critically dis-
cussed /larnischmecher and Lawer, 1968/. The resolutions of the Inter-
national Gyrpoegium on “eves in the Upper stmosphere (Toronto, Caneda,
1570) recommended that calibration of the D1 radio method by meteor and
rocket wind measuremente chould be cerried out as a first priority,
end such experiments were successfully realized.

Ls for the partial reflectian method applied to the I- and E-regions,
the agreement of the results with meteor wind measurements (¥igure 1) proe-
ved to be excellent /Stubbs &nd Vincent, 1€73; Geller et &l., 1976; Uright
et al., 1976a/. The spaced-receiver methéd, in its usual version using
full reflection from the E-region, was also celibrated by meteor measu-

~rements made at the same time, &t the same zltitude, and with the same
ionospheric volume illuminsted /Felgate, 1¢75/. In addition, similar ex-
periments were carried out using the D1 method, with simultaneous tracking
of artificial cloude /Kent, 1¢70; indreeva et al., 1973%; Pfister, 1574/.
Good agreement of the results was demostrated by & direct comparison of
the plssma meridional drift velocity in the E- and F-regions, obtained

by the incoherent scatter method, and by the method using the so-called
"kinesonde" /uright et al., 1¢76b/. :
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4 generzl conclusion that can be drawn from the results of complex
experiments is that radio drift measurements provide reliable information
sbout the transfer processes, and that these may be interpreted as neu-
tral wind messurements at heights up to 140 km, and as measurements of
plasma drift as a whole above 180 km but below the mein meximum., The
error in the velocity determination is of the order of 20% in modulus
end %0° in direction. ’

%3, Discussion

In the last 20 to 25 years, more then 60 geophysicel stations, ob-
servatories snd expeditions have conducted such meagurements. Cbserva-
tions have covered many parts-of the world but, unfortunstely, the sta-
tions are concentreted in the region 5%to 700 N and 59W to 1750E. The
vestern and §outhern hemispheres are covered worst of all. The working
programs at the stations were determined by their respective economic
and technical capabilities but, on the whole, they corresponded with the
International Geophysical Calendar and the recommendations of the TREI
Internationsl working Group on drifts. Coordinates of most of the drift
stations are contained in the WDC Bl Geophysical Data Catalogue, WELCT,
Colorado, USL, 1971 and, for the IGY, in Rawer /1965/. The enormous va-
rizbility of the ionospheric plasma parameters, pointed out by Hewer et
al. /1978/, is highly characteristic alsc of ilonospheric drifts. The
drift velocity, as observed, is 2 complex function of spatial cooxrdi-
nates, local time, season and solar activity, and this implies the need
for averaged values of the velocity. The velocity variability from hour

to hour, is also very great both in magnitude end in direction.

Nevertheless, one can perform a global systhesis of the data, and
prove the presence of a well-defined system of motions at ionospheric
levels; one can also ascertain the charscter of the space-time varia-
tions of prevailing winds and drifts, &as well as of the main tidal com-
ponents /Kazimirovsky et a2l., 197%a, b, c; Vergasova et al., 1978/, Lar-
lier results of such an analysis for the IGY period /Kezimirovsky, 1963a/
have already been used in wind regime models /Murgatroyd, 1965; Groves,
1570/ which were then included in the CIRE-72 model.

Already one can establish some major differences between the lower
and upper ionosphere; there are pronounced sesonhal differences in the
motion system in the lower ionosphere but not in the upper ionosphere;
also in the upper lonosphere, the geomagnetic control is stronger and
diurnal varistions seem to be smaller. it the same time there are ' some
common features in the regularities of the motion in the E- and F-regions:
the same most probable velocities (8o to 1oo m/s), similarity of diurnal
variations by day at some stations, prevalence of the diurnal harmonic
at high and low latitudes,prevalence and great regulasrity of zonal trang-
port in contrast to meridional transport.

4, Modelling

4is zn example of the possibility of constructing empirical models of
motions, Table 1 contains averaged characteristics of the zonal (U) and
meridional (V) drift in the E-region for the period 1958 to 1970. The
Table lists, for each season, the results of a harmonic analysis of the
diurnal velocity variations: the prevailing velocity and the amplitudes
of the diurnal andsemidiurnal waves /Ekazimirovsky et al., 1979b/. Fi~
gure 3 demonstrates for the same period the latitudinal distribution of
the prewvailing drift and the amplitude of the diurnal wave in the F-re-
gion /Xazimirovsky et al., 1979b/. Empirical regularities of motions in
the D- and E-regions, as obtained by Xazimirovsky and Eokourov /187%a/;
agree well with rocket data, and those in the F-region with incoherent
scatter data. s

On the basis of drift data, one is even able to calculate the distris
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pution of midlatitude ionospheric electric fields, the direct measure-
ment of which gives rise to great difficulties /Xazimirovsky et al.,
16792/, These cazlculations of space-time field variations do not contra-
dict the availsble semiempiriclz models /Bapsn, 1074/ and the direct
experimental measurements /Pehnke and Hegfors, 1674/; they sre, in our
opinion, & valuable addition to the results of the electric field deter-
ninations based on incoherent scatter deta /Carpenter &nd Iirchhoff,
19755 Flanc, 1976/.

¢Cf course, the presently available sketches of empirical models of
dynezmics heve essential limitations. First of all, one should not con-
sider as sufficient the number of available measurements as a whole,
especially in some latitude intervals; in addition, the network of sta-
tions is not uniform. It should be noted that for ilon compositicn znd
some other ionospheric parameters, there is also & grest shortuge of date,
but this did not hinder their inclusion in the IEKI. The shortage of date,
in particular, prevents the construction of reliable vertical profiles
of drift characteristics which are especially important for the D- and
E-regions. For the F-region, the drift height variations are apparently
less notable, even during magnetic disturbances. This is spparent from
drift measurements by the incoherent scatter method /Tvans, 1¢72b; kino,
1472/ shown in Figures 4 and 5. Finally, beceuse of the scarcity of ap-
propriate measurements, it is difficult to tzke into @ccount the longi-
tudinal effect which undoubtly exists in the D-region /Fazimirovsky and
Eokourov, 1979/, &nd may exist also ebove Too km owing to the interaction
between the upper lonosphere and the underlying atmosphere.

The physico-statisticel snalysis of horizontel ionospheiic drift mea-
surements by the D1 method cannot and should not be the only source of
data for an empirical model, Cne can be optimistic ebout the continuous
increase of information regarding three-dimensional motions being gained
from incoherent scatter raders in different regions, and from satellites
of. the type istmosphere Explorer /Feyr and flarris, 197¢; Elanc, 1677/ end
from other sources.

is a first step, the dynamics supplement to the IRI might be a series
of tables containing values of the prevailing horizontal wind, and the
amplitude and phase of the diurnsl and semidiurnal harmonics. Juch tab-
les could be compiled for three height intervesls (8o to loo km, 1oo to
140 km, 180 to 300 km) for four seasons, for maximum and minimum solar
activity and for three latitude renges: 100 to %09, 409 to 50°, @nd above
60%, Ais data become availeble, these tables could be supplemented with
information on vertical motions, on electric fields, on cheracteristic
parameters of weve disturbsnces and ionospheric irregularities, and on
longitudinal variations of the dynamical characteristics.,

In conclusion it should be emphasised that there is an urgent need
a) to discuss, on &n international basis, the prospects of developing
different methods of measuring lonosyheric motions, the relative values
of the data for the IRI, znd the presentation of the data; and b) to
recommend & special program of coordinated experiments at selected sta-
tions, designed to lead to the improvement of the Internationsl Reference
Jonosphere.

Editor's remark:

Since in many method the direction of the drift wvector is much better
.defined than its amplitude, one should preferentially use in future
analysis vork polar coordinates instead of cartesian ones.
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Table 1

asverage zonel (U) and meridionzl (V) drift velocities in

the E-region, measured during the period 1958 to 1870

Tetitude U T, U, - v, -

Season in‘g;rval m/g n/s m/; m/g n/s m/é
Winter 1o -8 37 22 -6 34 15
20 ~15 6 36 ~38 & 12
30 -7 - g - - 12
4o -11 1¢ 4 -13 z 17
50 -14 15 17 -3%0 7 Z0
60 -2 47 16 -7 11 15
Spring 1o 35 16 7 =12 15 4o
20 30 - i2 28 - 13
Jo 7 5 8 -2 4 ¢
4o 13 18 S -3 17 1o
50 4.5 7 5 1 11 1o
60 -15 26 12 15 71 7
Summer 1o 12.5 1o 1 -15.5 & 2
20 17 33 16 -26 17 1o
%0 7 16 ¢ -4 2 6
4o 1% 14 12 7 14 2%
50 © 2 2.5 2 11 4
6o 2 6 2 4 5 11
Autumn 1o 1 55 1¢ -~35 18 &
z -3 24 29 -35 20 27
%0 -2 12 3 -8 6 S
4o -G 6 a8 -11 13 8
50 -5 ¢ 11 -3 4 15
60 -20 - 17 -4 - 4
Note{Suffixeg) O = prevailing (steady) component; 1 = diurnal,
2 = semi-diurnsl component.
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Section 3.3 Present and IFuture IRI

2.3.1 Limitations of the IRI-T78 lodels

S. Ramekrishnsn, D. Bilitza, H. Thiemann

Fraunhofer-Institut for Thysikalische Fesstechnik,
IL-7800 Freiburg, I'.H.Germany

Abstrasct: TIHI-1978 was published as a short summary of experimental
evidence about the ilonosphere which was readily available at that time,
in & form suitable for computer use, The different sources of information
cannot give & full picture so that improvement of the data base followed

by improvement of the model is a task for the coming few years.

1, Plasma Tensity Trofiles

tince we reduce the profiles to the density and height at. the peak,
the world-wide distribution of peak density and height is a separate one,
This is dealt with by Vorking Group G.8 of U.R.S.I. (in perticular in
view of introducing satellite data into the C.C.I.H. model) while our
group G.4 restricts its activity to the shape of the electron density
profile. Iroblems appeared particularly at high and low altitudes, and
vith the valley. For the D-region the present model is based upon the
compilation of rocket results mainly from the northern middle latitudes
by Mechtly and Bilitza /1974/. Ve note that Taubenheim's /private commu-
nication/ effort to reproduce ground based absorption measurements with
these profiles have been unsuccessful.

Cur basic input for the topside ionosphere was the Eent and Llewellyn
/1S70/ model, which uses a composite mathematical description in four
leyers and is discontinuous in latitude. For IRI-78 we have replaced
this model by & fully analytical description, which is continuous in
both coeordinates. Pasically, it describes the inverse scale height (X)
by a sum of two Epstein-step functions. e have compared this "harmo-
nized Bent model" with the original one, and with & very detailed analy-
sis of topside-sounder profiles made by Decker /1971, 1372/. In Pigures
1 and 2 discrete values of K (Bent's values) corresponding to foF2 = 2,
5, 8 and 11 kHz, for 3 fixed altitudes (500, 700 and Soo km) are shown -,
by dots. The crosses are calculeted from our function, which was obtained © .
by optimising the originel discrete values of K. From these Figures it
can be seen that at lower heights the original data deviate very much
from the smoothed function.

This is understandable because at lower heights in the region of

N

maximum density, the scale heights vary drastically with altitude so “ .

that our continuous function is better suited than the original one with

a fixed scale height. In Figures 3, 4, 5 and 6 we have compzred the nor-
malised N(h) profiles from the three different models. (The geophysical
data assumed for each of these profiles are indicated.) It can be seen
from-these Figures that, generally, the values from the IRI-78 N(h) pro-
file agree better with those found experimentally by Recker /1971/. In
Figures 7, 8 and 9 we compared the IRI-78 N(h) profiles with the origi-
nal BENT model and with in-situ measurements of Ne obtained by the Ger-
man-US aeronomy satellite AEROS-B. The results show clearly the differ-
ences between the profiles obtained from smoothed (IRI«78) and fixed
(BENT) scale heights. In all comparisons with satellite data, we found !
that the global IRI-78 topside model agreed fairly well with the in- co
situ measurements. L
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2, Temperatures

Again input information was limited but now more sources are at hand.
Incoherent scatter measurements were particularly helpful in the range
below 200 km. Above that height between 250 and 8oo km satellite results
from AEROS-A could be used; for the electron temperature Spenner and
Flugge /1978/ have given a world-wide mathematical description in terms
of a Legendre development with a polynomial height dependence. To avoid
the very large set of coefficients we fitted a much simpler formula with-
their development, heglecting the longitudinal effect which, in the mon-
thly average, is quite small. Unfortunately, we have no clear evidence
on a solar cycle dependence, the only incoherent scatter station useful
in this context (Millstone Hill1, USAg showing no clear evidence of: an
effect at all.

One of us (D.B.) has made an effort to compress 'Atmospheric Explo-
rer'.data into a mathematical presentation so that they might be incor-
porated into an improved presentation including greater altitudes (2.2.1).
It has still to be decided what kind of coordinates are approriate to
this end. Our present description uses geomagnetic latitude, which is
certainly better than geographic coordinates as Spenner and Plugge /1978/
have shown; but possibly a dip coordinate might be preferable. :

3, Ion Composition

The area where basic information was rarticularly -scarce is composi-
tion of the major ions. First of all because of very poor experimental.
evidence, we had to exclude heights below loo km, where clusters and
negative ions appear. The remaining heights can be subdivided at a height
(around 350 km) where O has almostiat all times dioo%. Above that level,
there is a slow increase of HV and Het, with very different altitude pro-
fije by day and night. Below the range of 0% dominance molecular iens
are present, mainly as 0,* and NO*. Our data basis for the lower range
is a compilation due to “Danilov and Semenov /1978/, ending up with hand-
drawn curves. These are based upon quite a few northern middle latitude,
day-time rocket experiments, Unfortunately, ther is no useful information
under true night conditions and, almost none from low or southern lati-
tudes. Cur mathematical representation of the curves, as originally re-
produced in IRI-78, was found to be inconsistent under certain conditions.
It has since been improved (edited in a May 79 correction sheet). The
individual height profiles of relative ion density were first approxima-
ted by broken straight lines, which were then represented by a continu-
ous analytical function (an integrated set of a few EPSTEIN-steps). This
is a quite flexible form of presentation which was used for O* and O,%
ions while the velue for NO+ was chosen so as to fill up to 1oo%.

The same kind of presentation is apblied at greater altitudes with
0", H* and He* (the latter being always adjusted to 10% of the H* densi-
ty, a preliminary guess). The data basis was due to a few earlier NASA
determinations and, mainly, the AEROS-A satellite data. Our difficulty
is that most satellite data are until now edited as absolute densities
which is not very helpful for our purpose. One of us (D.B.) has mean-
while undertaken to transform data obtained with the recent Atmospheric
Explorers of NASA into relative densities.
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3.%,2 Summary and Conclusions Concerning IRI

K. Rawer

University, D-T78o0o0 Freiburg, F.R.Germany

After going through the foregoing contributions we felt that our request
for 'critical checking', expressed in IRI-78, has been widely followed

in our international group (which is known in URSI as 'Working Group G.4°
and in COSTAR as 'Task Group on IRI'). A large effort was made in many
countries ending up with quite a few weéll defined proposals for impro-
vement some of which appear to be practicable soon.

1, Blectron Demnsity Profile Ne(h)

Tirst of all it shoujd be stated that our main task was establishing
the profile shape leaving the description of the F2-peak to Working Group
6.8 in URSI, and to CCIR. We are fully aware of shortcomings of the
still valid CCIR /1974/ peak description, particularly in regions which
are not well deserved with ionospheric sounding stations. The task re-
mains to combine the basic information used in CCIR Report 340 with now
existing satellite data. As for the Chiu-model used in the simplified
IRI~-version, due to the small number of coefficients used, it cannot be
more than a first approximation which is probably rather superficial in
many. regions of EFarth.

Since the peak itself is outside of our official attributions let us
now consider the shape around it, beginning with the topside. We did not
expect so good agreement as became apparent in several contributions
(2.2.3, 2.2.4). Our shape formula - it is quite near to Booker's /1977/
proposal - must probably be fitted now at greater heights to more recent
satellite data which more and more are becoming available. In midlatitude
winter a steeper density decrease was experimentally found (2.2.4). Lar-
ger deviutions from IRI's shape are reported from low latitudes (Jica-
marca: 1.3.3, 1.3.4) where the density above and below the peak seems
to decrease much gquickér than after IRI, i.e. IRI gives a too large lay=-
er thickness (see, however, 1.4.2).

Unexpectedly, more critical remarks came against our bottomside F-
region. I must, however, admit that the present combination of height
ranges is somewhat artificial. The 'junction' between the 'intermediate
region' and F1 is said to need higher desnity (1.2.1). Instead of a multie
layer expression we should better use an analytical fromula similar to
that used for the topside, perhaps along the line indicated by Mme. Gul=-
yaeva, The E-F-valley width seems to depend on solar activity, should
be twice our value for high activity (1.2.1). Still difficult is the
shape of the very deep valley. appearing at night (1.2.1, 1.2.3g; mea-
sured data are still scarce. Whether the second maximum (1.2.3) is stabe-
le or a transient phenomenon is not yet clear.

Also the lower ionosphere profile is far from being final. IRI-T78
stops at 65 km (thus no C-layer), but even at heights below 8o km the
measured - -densities are reported to differ considerably from IRI, -the
latter giving too high values by day (1.2.3) but too low ones at night
(1.2.4). Comparison with absorption measurements, though improved
against the prelominary tables /Rawer et al., 1975/, still shows un-
satisfactory solar cycle variation (1.1.1: too large by day, too small
at night). Also the effect of the wave frequency upon-absorption is
overestimated when computing with the IRI Ne-profile (1.1.1, GIRA /1972/
for collision frequencies). The diurnal wariation seems to be under-
estimated for winter days (1.1.1). This may largely be due to our assump-
tion that NMD remains constant during nighttime, it should even depend
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on solar activity (1.1.1). There remains the problem of reconciling
this height-integrated data with the results of in-situ expermiments
though the interpretation of these latter is not so straightforward
at very low heights.

2, Electron Temperature Te

Four main critics were expressed when summarizing observed data:

(i) The giurggl_ygéigﬁigg: it is a) more specific than assumed du-
ring dawn (WiTh an early morning peak near the equator) and dusk (2.1.1,
2.1.3, 2.2.1), and b) it decreases with increasing height (a%t 3000 km -

above the present range - it should practically disappear: 2.1.1).

(ii) The seasonal effect is height dependent; it is probalbly larger
below about Boo km (2.71.3, 2.2.1), smaller above 1200 km (2.1.1% than

given by IRI.

(iii) The latitudinal dependence is in the actual IRI (via Ho) dis~

continuous at P = 400 and should be made continuous (2.1.3%).
i

(iv) It is strongly recommended, instead of an independent Te-for-
mula, to reintroduce a Te(Ne) dependence, which must , however, be more
involved than the direct " relafion tsed in the preliminary IRI /Rawer
et al., 1975/. At present Te(IRI) agrees with the observations when Ne
is ne?r the average but differs considerably in other cases (2.1.1,
2.1.4).

Apart from these main concerns there is some discussion about the
temperature profile at low latitudes which should (by day) potentially
peak at lower height than given by IRI (2.1.2). As for the effect. of
solar activity it is certainly not unigue but seems to work in both
directions, according to the conditions (2.2.1).

3, Ion Temperature Ti

At modlatitudes Ti should be nearer Te, thus somewhat greater than -
given by IRI (2.2.4).

4, ¥on Composition

The O+/H+ transition level shows a rather complex world map with,
at night, a trough near 30°S diplatitude where the isolines are dis-
placed towards South (3.1.2):

It is certainly premature to give a detailed model for the different

types of cluster ions (3.1.1, 3.7.5) but their total sum should be re-
presented in a future IRT.

“On behalf of the 'excutive members' I like to thank all contributors
to this report and hope for further fruitful cooperation in future.
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