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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.
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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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Fig. 3 Profiles of water cluster ions and NOt clusters calculated for temperature

profiles WARM and COLD.
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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.
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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. 3 Electron density distribution over the Earth's surface at
night at 270 km altitude after IRI with Chiu peak-model.
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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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REEVALUATION OF SOLAR FLARES 1967, by Helen W, Dodson and E, Ruth Hedeman, McMath-Hulbert
Observatory, University of Michigan, Pontiac, Ml, and Marta Rovira de Miceli, San Miguel
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PREL IMINARY COMPILATION OF DATA FOR RETROSPECT!IVE WORLD INTERVAL JULY 26 - AUGUST 14, 1972,
by J., Virginia Lincoln and Hope |, Leighton, Worid Data Center A for Solar-Terresirial
Physics, NOAA, Boulder, CO, November 1972, 128 pp,

AURORAL E!ECTROJET MAGNETIC ACTIVITY INDICES (AE) FOR 1970, by Joe Haskell Aiflen, National
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OF 24 JANUARY AND 1 SEPTEMBER 1971, Parts 1 and 2, compiled by Helen E, Coffey and J,
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December 1972, 462 pp, $2.00 (includes Parts 1 and 2},
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HIGH SPEED STREAMS IN THE SOLAR WIND, by D,S, Intriligator, University of Southern Cali-
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Abston and Leslie D. Morris, National Geophysica! and Solar-Terrestrial Data Center,
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26 pp.
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AURORAL ELECTROJET MAGNETIC ACTIVITY INDICES AE(10) FOR 1966, by Joe Haskell Allen, Carl
C. Abston and Leslie D, Morris, National Geophysical and Solar-Terrestrial Data Center,
Boulder, CO, December 1974, 142 pp,

MASTER STATION LIST FOR SOLAR-TERRESTRIAL PHYSICS DATA AT WDC-A FOR SOLAR-TERRESTRIAL
PHYSICS, by R.W, Buhmann, Worid Data Center A for Solar-Terrestria! Physics, Boulder, CO;
Juan D, Roederer, University of Denver, Denver, CO; and M,A, Shea and D,F, Smart, Air
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ary 1975, 32 pp,
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1964 - AUGUST 1965, by Patrick S, Mcintosh, NOAA Space Environment Laboratory, Boulder, CO
and Jerome T, Nolfe, American Science and Engineering, !nc,, Cambridge, MA, March 1975, 25
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OBSERVATIONS OF JUPITER'S SPORADIC RADIO EMISSION IN THE RANGE 7,.6-80 MHZ, 10 DECEMBER 1971
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sity of Colorado, Boulder, CO, April 1975, 49 pp,

CATALOG OF OBSERVATION TIMES OF GROUND~BASED SKYLAB-COORDINATED SOLAR OBSERVING PROGRAMS,
compiled by Helen E, Coffey, World Data Center A for Solar-Terrestrial Physics, NOAA,
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SYNOPTIC MAPS OF SOLAR 9,1 CM MICROWAVE EMISSION FROM JUNE 1962 TO AUGUST 1973, by Werner
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INTERPLANETARY MAGNETIC FIELD DATA 1963-1964, by Joseph H, King, National Space Science
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AURORAL ELECTROJET MAGNETIC ACTIVITY INDICES AE(11) FOR 1973, by Joe Haskell Allen, Carl
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Koomen, D,J, Michels, R, Tousey, C,R, Detwiler, D,E, Roberts, R,T, Seal, and J.,D, Whitney,
U,S, Nava! Research Laboratory, Washington, DC, and R,T., Hansen and S,F, Hansen, C,J,
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1966 - APRIL 1969), by W.,L, Clark and T,E, Van Zandt, NOAA Aeronomy Laboratory, Boulder,
CO, and J,P, McClure, University of Texas as Dallas, Dallas, TX, April 1976, 10 pp,

EQUIVALENT 1ONOSPHERIC CURRENT REPRESENTATIONS BY A NEW METHOD, |LLUSTRATED FOR 8-9
NOVEMBER 1969 MAGNETIC DISTURBANCES, by Y, Kamide, Cooperative Institute for Research in
Environmental Sciences, University of Colorado, Boulder, CO; H.W. Kroehl, Data Studies
Division, National Geophysical and Solar-Terrestrial Data Center, Boulder, CO; M,
Kanamitsu, Advanced Study Program, Nationa! Center for Atmospheric Research, Bouider, CO;
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&

UAG-56

UAG-57
UAG-58

UAG-59

UAG-60

UAG-61

UAG-62

UAG-63

UAG~64

UAG-65

UAG-66

UAG-67

UAG-68

UAG-69

UAG-T70

UAG-T1

UAG-T72

UAG-73

UAG SERIES OF REPORTS (Continued)
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GEOMAGNETIC STORM, Y, Kamide, Cooperative Instifute for Research in Environmental
Sciences, University of Colorado, Boulder, CO, April 1976, 37 pp, $1.39.

MANUAL ON |ONOSPHER!IC ABSORPTION MEASUREMENTS, edited by K, Rawer, Institut fur
Physikalische Weltraumforschung, Freiburg, GFR, June 1976, 302 pp, $4.27,

ATS6 RADIO BEACON ELECTRON CONTENT MEASUREMENTS AT BOULDER, JULY 1974 - MAY 1975, by R.B.
Fritz, NOAA Space Environment Laboratory, Boulder, C0, September 1976, 61 pp.

AURORAL ELECTROJET MAGNETIC ACTIVITY INDICES AE(11) FOR 1974, by Joe Haskel! Allen, Carl
C. Abston and Leslie D, Morris, National Geophysical and Solar-Terrestrial Data Center,
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GEOMAGNET!C DATA FOR JANUARY 1976 [AE(7) INDICES AND STACKED MAGNETOGRAMS], by Joe
Haske!l Allen, Carl C, Absfon and Leslie D, Morris, National Geophysical and Solar-
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Coffey and John A, McKinnon, World Data Center A for Solar-Terrestrial Physics, Boulder,
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GEOMAGNET!C DATA FOR FEBRUARY 1976 [AE(7) INDICES AND STACKED MAGNETOGRAMS], by Joe
Haskell Allen, Carl C. Abston and Lesiie D, Morris, National Geophysical and Solar-
Terrestrial Data Center, Boulder, CO, September 1977, 55 pp.

GEOMAGNETIC DATA FOR MARCH 1976 [AE(7) INDICES AND STACKED MAGNETOGRAMS], by Joe Haskel |l
Allen, Car! C, Abston and Leslie D, Morris, National Geophysical and Solar-Terrestrial Data
Center, Boulder, CO, September 1977, 57 pp.

GEOMAGNET!C DATA FOR APRIL 1976 [AE(8) INDICES AND STACKED MAGNETOGRAMS], by Joe Haskel |
Allen, Carl C. Abston and Leslie D, Morris, National Geophysical and Solar-Terrestrial Data
Center, Boulder, CO, February 1978, 55 pp.
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PROCESSING, by G,.K, Hartmann, Max-Planck-institut fur Aeronomie, Lindau, GFR, May 1978, 36
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SYNOPTIC RADIO MAPS OF THE SUN AT 3.3 MM 1970-1973, by Earle B, Mayfield and Fred |,
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|ONOSPHERIC D-REGION PROFILE DATA BASE, A COLLECTION OF COMPUTER-ACCESSIBLE EXPERIMENTAL
PROF ILES OF THE D AND LOWER E REGIONS, by L.F, McNamara, lonospheric Prediction Service,
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A COMPARATIVE STUDY OF METHODS OF ELECTRON DENSITY PROFILE ANALYSIS, by L.F, McNamara,
jonospheric Prediction Service, Sydney, Australia, August 1978, 30 pp, $1.50 (microfiche
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REGION, by L.F, McNamara, lonospheric Prediction Service, Sydney, Australia, October 1978,
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$1.50.

ENERGY RELEASE IN SOLAR FLARES, PROCEEDINGS OF THE WORKSHOP ON ENERGY RELEASE IN FLARES, 26
FEBRUARY - 1 MARCH 1979, CAMBRIDGE, MASSACHUSETTS, U,S.A., edited by David M, Rust, Ameri-
can Sclence and Engineering, Inc,, Cambridge, MA, and A, Gordon Emslie, Harvard=-Smithsonian
Center for Astrophysics, Cambridge, MA, July 1979, 68 pp, $1,50 (microfiche only},
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1976, by S.D. Bouwer, K, Davies, R,F, Donnelly, R,N, Grubb, J,E, Jones and J,H, Taylor,
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THE ALASKA IMS MERIDIAN CHAIN: MAGNETIC VARIATIONS FOR 9 MARCH - 27 APRIL 1978, by H.W,
Kroeh! and G,P, Kosinski, National Geophysical and Solar-Terresirial Data Center, Boulder,
CO; S.-l, Akasofu, G.J. Romick, C,E, Campbell and G.K, Corrick, University of Alaska,
Fairbanks, AK; and C.E. Hornback and A,M, Gray, NOAA Space Environment Laboratory, Boulder,
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AURORAL ELECTROJET MAGNETIC ACTIVITY INDICES AE(12) FOR JULY - DECEMBER 1975, by Joe
Haskel! Allen, Carl C, Abston, J,E, Salazar and J,A, McKinnon, National Geophysical and
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THE EQUATORIAL LATITUDE OF AURORAL ACTIVITY DURING 1972-1977, by N,R., Sheeley, Jr, and

R.A, Howard, E,O0, Hulbert Center for Space Research, U,S, Naval Research Laboratory,
Washington, DC and B,S, Dandekar, Air Force Geophysics Laboratory, Hanscom AFB, MA, October
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SOLAR OBSERVATIONS DURING SKYLAB, APRIL 1973 - FEBRUARY 1974, |, CORONAL X-RAY STRUCTURE,
11, SOLAR FLARE ACTIVITY, by J,M, Hanson, University of Michigan, Ann Arbor, M|; and E,C,
Roelof and R.E., Gold, The Johns Hopkins University, Laurel, MD, December 1980, 43 pp,
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EXPERIMENTAL COMPREHENSIVE SOLAR FLARE INDICES FOR 'MAJOR!' AND CERTAIN LESSER FLARES,
1975-1979, compiled by Helen W, Dodson and E, Ruth Hedeman, The Johns Hopkins University,
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EVOLUT IONARY CHARTS OF SOLAR ACTIVITY (CALCIUM PLAGES) AS FUNCTIONS OF HELIOGRAPHIC
LONGITUDE AND TIME, 1964-1979, by E, Ruth Hedeman, Helen W, Dodson and Edmond C, Roelof,
The Johns Hopkins University, Laurel, MD 20707, August 1981, 103 pp, $4,00,

INTERNATIONAL REFERENCE IONOSPHERE - iRI| 79, edited by J, Virginia Lincoln and Raymond O,
Conkright, National Geophysical and Solar-TerresTrlal Data Center, NOAA, Boulder, CO,
November 1981, 243 pp, $4,50,
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1 and 2, compiled by John A, McKinnon and J, Virginia Lincoln, World Data Center A for
Solar-Terrestrial Physics, NOAA, Boulder, CO, February 1982, 553 pp, $10,00,

CATALOG OF AURORAL RADIO ABSORPTION DURING 1976-1979 AT ABISKO, SWEDEN, by J.K, Hargreaves,
C.M, Taylor and J,M, Penman, Environmental! Sciences Department, University of Lancaster,
Lancaster, UK, July 1982, 69 pp, $3.00,

CATALOG OF |ONOSPHERE VERTICAL SOUNDINGS DATA, edited by Raymond O, Conkright and H,
irene Brophy, National Geophysical Data Center, NOAA, Boulder, CO, July 1982, 107 pp,
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INTERNATIONAL CATALOG OF GEOMAGNETIC DATA, compiled by J.H. Allen and C.C, Abston,

National Geophysical Data Center, NOAA, Boulder, CO; E,P, Kharin and N,E, Papitashvili,
Academy of Sciences of the USSR, World Data Center B2, Moscow, USSR; and V,0, Papitashvilli,
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CHANGES IN THE GLOBAL ELECTRIC FIELDS AND CURRENTS FOR MARCH 17-19, 1978, FROM SiX IMS
MERIDIAN CHAINS OF MAGNETOMETERS, by Y, Kamide, Kyoto Sangyo University, Kyoto, Japan;
H.W. Kroehl, National Geophysical Data Center, NOAA, Boulder, CO; and A,D, Richmond, NOAA
Space Envinronment Laboratory, Boulder, CO, November 1982, 102 pp, $3,50,

NUMERICAL MODELING OF IONOSPHERIC PARAMETERS FROM GLOBAL IMS MAGNETOMETER DATA FOR THE
CDAW~6 INTERVALS, by Y, Kamide, Kyoto Sangyo University, Kyoto, Japan; H. W, Kroehl, Nation-
al Geophysical Data Center, NOAA, Boulder, CO; and B,A, Hausman, National Geophysical Data
Center, NOAA, Boulder, CO, November 1983, 197 pp, $4.00,

ATMOSPHERIC HANDBOOK: ATMOSPHERIC DATA TABLES AVAILABLE ON COMPUTER TAPE, by V,.E, Derr,
NOAA Environmental Research Laboratories, Boulder, CO, May 1984, 56 pp.

EXPERIENCE WITH PROPOSED IMPROVEMENTS OF THE INTERNATIONAL REFERENCE IONOSPHERE (IRI):
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