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Ah&act-The availability of various global thermospheric models allows intercomparisons to be made 
for identical geophysical conditions. Solar activity effect, geomagnetic effect, dimxml variation, annual 
variation and latitudinal~nat dependence are analyzed in four semi-empirical models, viz. DTM, 
MSIS, EURO 4 and 577. Elmptasis is given to the discrepancies between the models, and some direct 
comparisons are made with satellite drag data and micro-accelerometer results. None of the semi- 
empirical models can represent correctly all geophysical aspects of the terrestrial thermosphere. 

1. JNI’RODUCI’ION 

The availability of large data bases resulting from 
in situ measurements of various thermospheric 
parameters has led to the development of a new 
generation of three-dimensional models of the ter- 
restrial upper atmosphere @&DIN et al., 1977a, b; 
VON ZAHN et al., 1977; JACCTHIA, 1977). In order 
to construct any model, it is necessary to determine 
the thermopause temperature which is usually in- 
ferred from composition or total density measure- 
ments. However, optical measurements of the 
width of 63Onm line of atomic oxygen provided a 
unique opportunity to construct a global tempera- 
ture model w et al., 1977a) independently 
of any assumption related to the distribution of 
atmospheric constituents. This model has recently 
been combined with satellite drag data to construct 
a new three-dimensional thermospheric model 
(BARIZR et al., 1978b) which we shall represent 
by the acronym DTM (Drag Temperature Model). 
The purpose of the present paper is to compare 
DTM with other recent thermospheric models. 
After a brief summary of the basic principles in- 
volved in the construction of DTM, the known 
geophysical variations of the upper atmosphere are 
compared in the presently available models. Al- 
though general agreement is usually obtained be- 

tween the various models, specific discrepancies 
still warrant further investigations. 

2.THEDRAG ~~~~~ 

Since satellite drag data lead to total density in 
the vicinity of the perigee, some assumptions must 
be introduced to obtain concentrations for each 
atmospheric constituent. The construction of DTM 
is based on the fact that molecular nitrogen, atomic 
oxygen and helium are successively the major at- 
mospheric constituents above 120 km as a consequ- 
ence of diffusion separation in the Earth’s gravita- 
tional field. With a mathematical formalism similar 
to the approach introduced for the first time by 
HED~ et al. (1974) in tbermospheric modeling, 
B,+ru.m~ et al. (1978b) used an iterative procedure 
to represent the three major constituents N1, 0 and 
He in terms of spherical harmonics at 120km 
altitude. Using the thermopause temperature 
model of THUIVIER et aI. (1977a) and an analytical 
temperature profzle (WALKEZR, 1965) it is then pos- 
sible to compute concentrations for the major at- 
mospheric constituents at a given altitude as a 
function of local solar time, latitude, day number in 
the year, solar decimetric flux and geomagnetic 
index K,. The detailed formalism as well as a 
computer program are given by BARLEER et al. 
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(1978b) who discussed also several geophysical fea- 
tures of DTM. 

Although the distribution of molecular oxygen 
can be deduced from DTM, it is not given in terms 
of spherical harmonics since, above 120 km, Oz is 
never a major constituent which could account for 
more than 50% of the total density. DTM gives an 
0, distribution in di%usive equilibrium with a con- 
stant lower boundary value at 120 km. A similar 
remark applies to argon. Atomic hydrogen be- 
comes a major constituent above 1000 km for low 
solar activity (K oculars and N~CCXEW, 1963). 
There are unfortunately not enough satellite drag 
data in this height region to allow the ~~~~on 
of a reliable model for I-I over a wide range of 
geophysical conditions. In consequence, our com- 
parisons with other models will be restricted to 
temperature, total density, and the concentrations 
of N,, 0 and He. 

As an example, Fig. 1 shows a comparison be- 
tween total densities pmu, computed with DTh4, 
and observed densities pegs deduced from drag 

data from Cosmos Rocket 19651lD. The latitude 
and altitude of satellite perigee indicate to which 
location in the atmosphere correspond pi-, and 
pous. Solar activity and geomagnetic activity levels 
are characterized, respectively. by the daily solar 
de&net& flux F(in 10-22 W me2 Hz-‘) and the k; 
index for the corresponding period. It appears that 
a reasonable agreement is reached between the 
D’IXI and the observed densities, although the 
latter represent only a small fraction of the 36,000 
total densities effectively used for constructing 
D’IM. Not all the values pass shown in Fig. 1 have 
been used in DTM, since the perigee altitude of 
Cosmos Rocket 1965-l ID is in a height range 
where atomic oxygen progressively becomes more 
important than molecular nitrogen. Observed den- 
sities effectively used for constructing DTM were 
selected in such a way that atomic oxygen repres- 
ents 70% of the total density, or that molecular 
nitrogen leads to 50% of the total density (BAR- 
L.LER et al., 1978b). Therefore, the agreement be- 
tween peas and pDMT in Fig. 1 is not only an a 
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Fig. 1. Comparison of total densities po, deduced from drag data of Cosmos Rocket 19651lD and 
model densities h. L.atitude and akitude of satellite perigee are given from April 1968 through 

March 1969. Daily solar d&tic flux F in lO_” W m-* Hz-’ and geomagnetic index I$. 
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posteriori check of a numerical fitting procedure, 
but it also reflects the degree of capability to repro- 
duce observed total densities. Other comparisons 
with drag data will be made in Section 4. 

3.cOMPARlsONwrrfl- MODELS 

DTM will essentially be compared with three 
other semi-empirical models, viz. MSIS, ESR04 
and J77. The mass spectrometer incoherent scatter 
model MSIS (HEDIN et al., 1977a, b) is constructed 
with data gathered from 1966 to 1976 when the 
mean solar decimetric flux F varied between 70x 
1o-22 W m-* Hz-’ and 180 x lOmu W me2 Hz-‘. 
The ESR04 model (VON ZAHN et cd., 1977) is 

based on mass spectrometer data obtained between 
December 1972 and April 1974 when the mean 
solar decimetric flux was between 65 x 1O-22 W rnF2 
Hz-’ and 145 x 10mz2 W mm2 Hz-‘. The 577 model 
(JACCHL~, 1977) is constructed with satellite drag 
data extending from 1958 to 1975: hence this 
model, as well as DTM (BARLIER et al., 1978b) 
covers almost two solar cycles. It should be noted, 
however, that the temperature model (Ts 
et al., 1977a) used in DTM is based on data ob- 
tained only between 8 June 1969 and 16 August 
1970. During this period the daily solar decimetric 
flux F varied between 103 and 239x 
lo-” W mm2 I-E’ and the mean solar flux P ranged 
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[ram 136 to 170 x 1O-22 W me2 Hz-‘. In the follow- 
ing comparisons we refer essentially to two solar 
activity levels, viz. F = 150 X lOmu W me2 Hz-’ 
(high solar activity) and fi = 92 x 1O-22 W rnw2 Hz-’ 
[low solar activity for EURO 4 period). 

Although the models discussed in the present 
paper are constructed using d&rent data covering 
Uierent time periods and geographic areas, com- 
parisons have to be made under identical condi- 
tions. The ESRO4 model will, therefore, some- 
times be used for geophysical conditions which 
have almost never been encountered by the satel- 
lite ESRO4,1972_92A. Similar situations can also 
3c4zur for the other models. 

3.1 Solar activity effect 

In all semi-empirical models, solar activity is 
aken into account by relations involving the daily 
LO.7 cm flux F and some mean value P computed 
wer several solar rotations. The solar activity 
:ffect, can therefore, be investigated by computing 
iaily averaged quantities as a function of the mean 
;olar decimetric flux. Figure 2 shows daily averaged 
:hermopause temperature. total density and partial 
concentrations computed on 21 September at the 
geographic equator for an altitude of 400 km. Daily 
averaged quantities have been obtained by assum- 
ng the daily 10.7 cm flux equal to the mean solar 

Day x 21 Scptemk 

Latitude = O” 

MEAN SOLAR DECIMETRIC FLUX (in Nf2WtizHi’) 

Fig. 2. Daily averaged thermopause temperature, total density and partial concentrations at the 
equator as a function of mean solar decimetric flux. Comparison at 400 km between DTM, J77, ISIS 

andESRO4on21SeptemberforI$=2or%=7. 
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decimetric flux, and by adopting constant 
geomagnetic indices K,, = 2 or Ap = 7. 

As a general rule, the best agreement between 
the models is obtained for mean solar de&metric 
fluxes ranging from approximately 100x 
1fY W me2 Hz-’ to 150 X 10+z W me2 Hz-‘. The 
largest discrepancies occur for very low and very 
high fhtxes as a probable consequence of the smal- 
ler amount of data available for extreme geophysi- 
cal conditions. One should, therefore, realize that 
temperature differences of the order of 100 K and 
total density ratios of almost a factor of two can be 
obtained with the various models under extreme 
conditions. These differences are also reflected in 
the partial concentrations. At 4OOkm the largest 
differences are seen for Nz which is a minor con- 
stituent at this altitude. It is evident, however, from 
Fig. 2 that 577, MSIS, FSRO4 and DTM roughly 
show a similar solar activity dependence with some 
noticeable differences depending on the solar activ- 
ity ievel. 

Perfect agreement between a model and a 
specific experimental result should not be used at 
the present time as proof of the complete validity 
of the model for all geophysical conditions. For 
instance ESR04 model is constructed with data 
corresponding to rather low solar activity (average 
P = 92 x lo-*’ W m-’ Hz-‘) and extrapolation to 
high F values should be made with caution. 

planetary K, or A, indices. Such indices are used in 
the spherical harmonic expansions for temperature 
and partial concentrations in DTM, MSIS and 
ESRO4. The situation is slightly diierent in 377 
where the geomagnetic effect is represented by 
three terms. According to JACCHIA et al. (1977) the 
local increase in the thermopause temperature is a 
function of magnetic latitude and is accompanied 
by a variation in the height of the homopause. The 
geomagnetic perturbation propagates from high to 
low latitudes and causes an increase in the total 
density in the equatorial region a few hours later. 
The introduction of magnetic latitude is responsible 
of a lon~~~~ effect as shown in Fig. 3 where the 
temperature increase for rC, = 6 is represented in a 
geographic coordinate system. Computations are 
made for a centered-dipole geomagnetic field. Since 
spherical harmonic models assume an equivalence 
between geographic longitude and local solar time, 
it is necessary to specify, in 577, the geographic 
longitude when comparisons are made with the 
other models. 

3.2 Geo~ug~e~c effect 

In all the models, variations associated with 
geomagnetic activity are expressed in terms of 

Figure 4 compares the geomagnetic effect in the 
various models, for equinox conditions (21 Sep- 
tember) at 400 km altitude as a function of geog- 
raphic latitude. The results presented in Fig. 4 are 
obtained in the following way: each quantity has 
been daily averaged at 400 km for K, = 0 (A, = 0) 
and for IS,=5 (A, = 4% then ratios 
‘dis~r~~~quiet’ are compute for concentrations 
and total density whereas diurnally averaged temp- 
erature differences are plotted as a function of 
geographic latitude. All quantities are computed 

Geomagnetic ottoct Kp 5 6 

Tomporature i ncrocw ( K ) 

Fig. 3. Global distribution of the temperature increase (K) for I& =6 in a geographic coordinate 
system for J77model. 
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GEOGRAPHIC LATITUDE to) 

Fig. 4. Geomagnetic effect for AI$ = 5(A% = 48) on temperature, partial concentrations (N,, 0, He) 
and total density p at 400 km on 21 September for solar decimetric fluxes F = F= 

150 x lo-** W me2 I-K’. For 577 longitude is 0”. 

for F = fl= 150 X lO_” W m-* Hz-’ and 577 model 
is used with a geographic longitude of zero degree. 

All the models are characterized by similar 
trends although noticeable differences in amplitude 
are observed. Temperature and molecular nitrogen 
concentrations systematically increase towards 
polar regions, whereas helium decreases in the 
polar regions for an increase of geomagnetic activ- 
ity. The decrease of atomic oxygen at the poles is 
less pronounced at 400km and this constituent 
starts moreover to increase towards the poles at 
higher altitudes. Such features are consistent with a 
theoretical analysis of magnetic storms (MAYR and 
VOLLAND, 1973). The small latitudinal variation of 
the total density p at 400 km, with its weak minima 
around *45”, results from the combined effect of 0 
and He variations. Since there is no variation of the 
NZ homopause with geomagnetic activity, the small 
equatorial maximum of Nz in 577 is a consequence 
of the ‘equatorial wave’ (JACCHIA et cd., 1977) 

which affects all atmospheric constituents by the 
same amount. 

Since the thermospheric energy input responsible 
for the geomagnetic effect is linked to the amoral 
oval in such a way that contractions and expansions 
of the oval lead to variations in the geographical 
extent of the heating zone (BANKS, 1977), it is clear 
that changes in chemical composition should de- 
pend not only on geographic latitude, but also on 
longitude and local solar time. Realistic compari- 
sons are, therefore, difficult in the polar regions 
since they depend very much on the time and 
geographic distributions of the data used in the 
various models. As a consequence, it is not surpris- 
ing that the largest discrepancies between the mod- 
els occur near the poles. 

3.3 Diurnal variation 

When a semi-empirical model is constructed with 
constant values at the lower boundary above which 
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Fig. 5. Diurnal variation of N,, 0, He and total density at the equator on 21 September. Altitude = 
400hn.TwosolaractivityievelsF=~=92x10~22Wm~-2~Z-1andF=~=150x10~zzWm~2Hz~*. 

Geomagnetic index Ic, = 2 or 4 = 7. For 577 longitude is 0’. 

diffusive equilibrium is assumed, partial concentra- 
tions and total density are in phase with tempera- 
ture at altitudes above the isopycnic level, viz. 
above approximately 150 km for a lower boundary 
around 120 km. For various reasons, this situation 
does not occur for any of the models under discus- 
sion. The 377 model starts at 90 km with constant 

boundary values, but it allows empirical correc- 
tions between 90 km and 120 km to simulate de- 
partures from dBusive equilibrium. At 120 km the 
spherical harmonic models DTM and ESRO4 
adopt variable concentrations resulting from a 
spherical harmonic analysis performed on data ob- 
tained at higher altitude. In h&IS, concentrations 
at 120 km are also variable, but the shape parame- 
ter of the vertical temperature profiie is given in 
terms of spherical harmonics. Furthermore the 
magnetic term and the diurnal terms for 0, He and 
Ar are multiplied by an empirical function which is 
intended to represent high magnetic activities and 
departures from difIusive equilllum (Hrmn+ et al., 

1977b). For these reasons, all models lead, at high 
altitude, to diurnal maxima oceuning at different 
times for the different species. 

Figure 5 shows diurnal variations at the equator 
on 21 September for low (F= I?=92x 
1 O-*’ W m-* Hz-‘) and high (F=F= 150x 
lO_” W mo2 Hz-‘) solar activity at 400 km altitude. 
It can be seen that the helium maximum occurs 
always in the morning, followed in sequence by the 
atomic oxygen and the molecular nitrogen maxima. 
Total density p peaks around 1500 h local solar 
time. Using a linear theory, %vu and IGnnrs 
(1977) explained these features in terms of thermal 
expansion and wind-induced diffusion. Although 
the phases given by the models agree roughly with 
theory above 2OOkm, larger discrepancies occur 
below that height where unfortunately far fewer 
experimental data are available. The situation is 
even worse with regard to the amplitude of the 
diurnal variation. For instancze, RSRC34 shows a 
secondary maximum in atomic oxygen and total 
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density, whereas a very small diurnal variation of 
He is seen in 577. 

An interesting comparison can be made for 
atomic oxygen since this constituent can be de- 
duced from data obtained at the French incoherent 
scatter facility at Saint-Santin (44.6”N). Although 
the incoherent scatter technique yields measure- 
ments of the electron density and of the electron 
and ion temperatures at a given altitude and at a 
given time, BAUER et al. (1970) have shown that 
the neutral atomic oxygen concentration and the 
neutral thermopause temperature can be deduced 
from these measurements. The method is based on 
a balance between the thermal loss from electrons 
to ions and the thermal loss from ions to neutrals at 
altitudes ranging from 220 to 500 km. A simultane- 
ous determination of atomic oxygen and the neutral 
temperature is possible only for daytime conditions 
when the electron and ion temperatures are tier- 
ent. During the night the incoherent scatter data in 

the F-region lead only to the neutral temperature 
which is then equal to the ion and electron temper- 
atures. The validity of such an approach has been 
reanalyzed in great detail by ALCAYD~ and BAUER 
(1977). Comparisons with various models for long 
term variations of atomic oxygen and of ther- 
mopause temperature have been made recently by 
ALCAYD~~ et al. (1978). Generally good agreement 
has been found for the long term variations at 
45”N. The incoherent scatter results will not be 
discussed, therefore, in the following sections deal- 
ing with long term variations. We refer the in- 
terested reader to the work of AL.CAYD& et al. 
(1978). 

Up to now no systematic comparison of the 
diurnal variation of atomic oxygen deduced from 
incoherent scatter data and values resulting from 
the presently discussed semi-empirical models is 
available. Figure 6 shows, therefofe, the diurnal 
variation at 400 km for equinox and solstice condi- 
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Fig. 6. Comparison of atomic oxygen incoherent scatter model above Saint-&tin (ALCAY& and 
BAUER, 1977) *tb J77, A@IS. ESRO4 and DTM for equiaox and so&ice conditions. solar 
activity level F = F= 150 X lo-” W m-’ Hz-‘. Geomagnetic index ‘$ = 2 or A, = 7. For J77 longitude 

is 2.22’E. i.e. longitude of Saint-Santtn. 
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tions assuming F=P= 150~ 10-ZZWm-ZHz-’ 
and K, = 2 or A, = 7. The semi-empirical models 
discussed in the present paper are compared with 
the Saint-Santin model deduced by h.cAuDti and 
BAUER (1977). The Saint-Santin model presents 
the largest amplitude for spring conditions. Further- 
more, the afternoon decrease of atomic oxygen is 
always steeper in the incoherent scatter model. 
ESR04 results are also shown in Fig. 6, although 
this model should probably not be applied for high 
mean solar decimetric fluxes. In ESR04, the secon- 
dary maximum present at the equator on 21 Sep- 
tember (see Fig. 5) is insignificant at 45” N (see Fig. 
6). It is difficult to say, at present, whether such 
a feature is real. A similar remark is valid for 
the secondary maximum given by the Saint-Santin 
model on 21 December, since this model is based 
on data obtained during daytime. All the nighttime 
values in the Saint-Santin model actually result 
from extrapolations. Despite this fact it could be 
useful to introduce atomic oxygen incoherent scat- 
ter data in the semi-empirical thermospheric 
models. 

From the comparisons made in this section, it 
appears that the diurnal variation is probably the 
less well represented phenomenon in all global 
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thermospheric models. This is not surprising since, 
at a specific location, it is usually difficult with 
satellites to get a good data coverage in local time 
for a given set of geophysical parameters. 

3.4 Annual variation of diurnally averaged ther- 
mopause temperature and molecular nitrogen con- 
centration at +45” latitude 

Another important variation in the upper at- 
mosphere is the annual variation related to changes 
in illumination according to the position of the 
Earth on its orbit around the sun. We shall first 

examine the annual variations of the thermopause 
temperature and molecular nitrogen concentration 
since these two parameters are characterized by a 
similar behaviour in the course of a year. 

All the quantities shown in Figs 7 and 8 are 
diurnally averaged for two levels of solar activity 
(F=F=92x10-ZZWm ‘Hz-’ and F=F=150~ 
10m2’ W rn-*Hz-‘) and for K, =2 or A,, =7. For 
577, the adopted longitude is 2.22”E. Constant 
solar decimetric flux and constant K, or A, indices 
never prevail for periods as long as a year, but the 
hypothesis used in Figs 7 and 8 eliminates short 
term variations which could mask the characteris- 
tics of the annual variation. The overall variation is 

z ~400 km 

105 - 
JFMAMJJASOND 

MONTH 

Fig. 7. Diurnally averaged thermopause temperature and molecular nitrogen concentration at 400 _km 
for *45” latitude. Geomagnetic index K, = 2 or A, = 7. Solar decimetric flux F= F= 

92 x lO_” W mm2 Hz-‘. Longitude 2.22“ E for 577. 
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Fig. 8. Same as Fig. 7, but F = : P = 150 X lo-” W mw2 HZ-‘. 

dominated by an annual effect whereas the semi- 
annual effect appears to be small. Marked differ- 
ences can be seen between the two hemispheres. In 
the northern hemisphere, the temperature max- 
imum occurs at the end of April (except for J77), 
whereas in the southern hemisphere the maximum 
occurs around summer solstice (except for 
ESR04). As a general feature the N2 and tempera- 
ture variations are significantly diierent in both 
hemispheres for all models. In the northern 
hemisphere the temperature and N2 decreases are 
slower after local spring maximum than after local 
summer in the southern hemisphere. Furthermore, 
the temperature difference between 45”N and 
45” S is higher during December solstice than dur- 
ing June solstice, and the mean temperature around 
the solstices is higher in the southern hemisphere 
than in the northern hemisphere at these latitudes. 
This fact leads to global pressure maps capable of 
causing, in addition to the normal circulation 
(JOHNSON and G-, 1970), a wind compo- 
nent blowing from south to north. Such characteris- 
tics are related to north-south asymmetries discus- 
sed by BARUER et al. (1974). 

The agreement between the various models 
seems to be better in the northern hemisphere and 

N2 

extrapolation of E@RO4 to high solar fluxes (Fig. 8) 
does not appear to be valid. 

3.5 Annual variation of diurnally .averaged atomic 
oxygen concentration at *45” latitude 

The annual variation of atomic oxygen is shown 
in Fig. 9 at 400 km for both hemispheres and for 
two solar activity levels. In all the models the 
variation is dominated by a semi-annual effect 
characterized by two sign&ant maxima around the 
equinoxes. Such a behaviour differs completely 
from what is seen for N2 (see Figs 7 and 8) and for 
He (see Fig. 10). At high solar fluxes the minima 
around January and July are comparable in the 
northern hemisphere whereas in the southern 
hemisphere the July minimum is deeper than the 
summer minimum. In consequence, the variability 
of atomic oxygen is greater in the southern hemis- 
phere than in the northern hemisphere at 400 km 
altitude. 

For low solar activity the difference between 
both hemispheres is not so evident although there 
exists a similar tendency. The minimum during 
local winter solstice is always deeper than the 
minimum during local summer solstice, contrary to 
the situation for high solar activity. 
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Fig. 9. Diurnally averaged atomic oxygen concentration at 400 km for *45’ latitude. Geophysical 
conditions identical as in Figs 7 and 8. 
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Fig. 10. Diurnally averaged helium concentration at 400km for *45” latitude Geophysical 
c~~~ditions identical as in Fig+ 7 and 8. 



Since atomic oxygen is the major constituent at 
4OOkm, the variations shown in Fig. 9 can be 
related to the classical result of the semi-annual 
variation of the total density (CIRA, 1972) with an 
October maximnm higher than the April value. 
From a recent analysis of the orbit of Cosmos 462, 
1971-106A, WAXXBR (1978) conch&es, however, 
that the April value near 200 km is higher than the 
October value. Such a feature appears also in DTM 
for low solar activity. However, a more detailed 
analysis should be made since Fig. 9 indicates 
different behaviours for different latitudes rind solar 
activity levels. 

Finally it should be noted that comparisons of 
various models with atomic oxygen deduced from 
incoherent scatter data (AIXAYD~~ et ai., 1978) 
show a reasonable agreement for the annual varia- 
tion at 400 km. It has been shown in Fig. 6 that a 
similar conclusion connot be made for the diurnal 
variation. 

3.6 Annual variation of diurnally averaged helium 
concen&aCion at 5~45’ latitude 

The annual variation of helium is shown in Fig. 
10 at 400 km for two solar activity levels. The 
annual variation of helium is in anti-phase with the 
annual variation of temperature and molecular nit- 
rogen (see Figs 7 and 8). If an imaginary hemis- 

pherical reversal is made in Fig. 10, the similarity 
between the He and N2 annual variations is very 
clear. The phase difference of the order of 6 
months probably results from large scale transport 
associated with the helium winter bulge. Further- 
more, the helhrm behavior is similar in both 
hemispheres. The semi-annual effect is small as for 
Nz. Finally the seasonal variability is higher in the 
northern hemisphere. 

3.7 ~ti~~l and seasonal variations of helium 

In order to analyze latitudinal and seasonal varia- 
tions of helium, dinmally averaged concentrations 
are computed at 1000 km for winter and summer 
solstices. The results obtained for various models 
are shown in Fig. 11, for two solar acticity levels, as 
a function of geographic latitude. The winter 
helium bulge is clearly present in all models al- 
though the winter to summer ratios vary greatly 
from one model to another, especially in the polar 
regions. At a given pole the discrepancy between 
the models is larger during local summer, i.e. when 
the helium concentration is small. During local 
summer in the polar regions, models based on mass 
spectrometer datz,always give lower values than 
DTM, which is entirely based on drag data. This 
fact can be related to the difliculty of measuring 
low helium abundances by mass spectrometry 
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Fig. 11. Latitudi@ variation of diurnally averaged hejium concentration at 1000 km for two solar 
activityleveis(F=F=92x10~“Wm~2~~*andF=F=150x10~“Wm~2Hz~‘)andforY,=2ar 

A,, = 7. Longitude 2.22” E for J77. 
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(TRINICS et al., 1977). Furthermore, model compari- 
sons in the polar regions are perhaps not very 
realistic since a large longitudinal effect could have 
been omitted in all models In any case, the large 
discrepancy between drag data and mass spec- 
trometric data for very low helium abundances 
remains an unsolved problem at the present time. 

4. COMPARISON BETWEFA sPEcJFIc 
DRAG DATA AND MODEIS 

Since the concentrations given by DTM are en- 
tirely based on drag data, it is interesting to make 
comparisons between total densities pass deduced 
from drag data, and total densities hoDEI- com- 
puted with the model. Figure 12 shows such com- 
parisons for three satellites. A general agreement 
can be seen although the ratio poes/~o,,Er_ can be 
sometimes greater than two, as in 1968 for OV3-2 
fragment 196697D. 

In the same figure we have also plotted the total 
densities obtained from MSIS, i.e. a model which is 

not based on satellite drag data. For OV3-2 frag- 
ment and Transtage 7 it should be noted that both 
models follow almost exactly the same trend. The 
perigees of these two satellites are in a height range 
where N2 and 0 are major atmospheric con- 
stituents The situation slightly changes for ECHO 
2 1964~04A which has its perigee around 1150 km 
where helium is an important atmospheric compo- 
nent. It appears in Fig. 12 that, in July 1964 and in 
January 1965, model densities obtained with MSIS 
are systematically lower than values deduced from 
DTM. Thii effect is clearly seen in Fig. 13 which 
shows the ratio ~~~J~~~~_ from 28 June 1964 
until 15 January 1965. The results obtained with 
J77 are also given in this figure. On 22 July 1964 
the perigee of ECHO 2 was in the northern 
hemisphere at 75” latitude. On 26 December 1964 
the perigee of ECHO 2 was in the southern 
hemisphere at -75” latitude. On both days the 
satehite was, therefore, under local summer condi- 
tions at rather high latitudes. According to the 
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- Transtage 7 1985 -108A 
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Fig. 12. Ratio poeslpMoner. for three satellites as a function of the modified Julian day (M.J.D.) 
Model densities are computed, reapwtively, with M’M and MSIS. 
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Fig. 13. Ratio poBs/~o,,EL for ECHO 2 as a function of 
the mod&d Julian day (M.J.D.). Model densities are 
computed, respectively, with lYl’M, M!X!l and J77. Perigee 
latitude is indicated for 22 July 1964 and 26 December 

1964. 

characteristics of the winter helium bulge, the drag 
of ECHO 2 resulted on these 2 days from low 
helium concentrations. As a consequence the high 
values of poB~~o,,EL. for MSIS and 577 imply that 
the helium concentration is too small in these mod- 
els for high-latitude summer conditions. It seems 

that DTM is the only model which appropriately 
represents the helium summer depression as ob- 
served with satellite drag. 

The micro-accelerometer CACTUS on board of 
CASTOR-DSB 197539A offers the possibility of 
comparing high resolution data with model results. 
The total densities obtained with CACTUS (BAR- 
rum et al., 1977, 1978a) have a relative accuracy of 
1% between 300 and 400 km altitude. Figure 14 
shows a comparison between pcAcrus and pm~ for 
five magnetically quiet days during May 1976. Al- 
though there is a relatively good agreement be- 
tween DTM and the micro-accelerometer results, it 
appears that DTM densities are a little too high. 
Such a systematic difference could be explained by 
an overestimation of the thermopause temperature 
in the optical model of Tw et al. (1977a) 
during May 1976. This model agrees, however, 
with incoherent scatter data obtained in 1966 for 
low solar activity v et al., 1977b). But 
during the 1966 minimum the mean solar decimet- 
ric flux was around 100~ 1O-22 W me2 Hz-’ 
whereas in May 1976 it reached values as low as 
72 x lo-** W m-* Hz-‘. In view of the accuracy of 
the CACTUS dam, the small discrepencies in Fig. 
14 cannot be considered as random noise. They 
show actually an inherent limitation of global 

Mean latitude (‘1 -6.6 -28.1 

Mean local time(h) 19.1 22.9 

Mean altitude(km) 325 325 
6 . * x 

YEAR 1976 

Fig. 14. Comparison between micro-accelerometer densities pcAms and densities obtained from 
DTM. Lo@itude of the satellite is indicated as well as K, indices. 
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Fig. 15. Comparison between micro-acceferometer de- 
nsities pcAcrus and p- as a function of ~rn~eti~ 
index I$,. ‘f&e CACTUS data are exclusively obtained for 

low latitudes. 

models, namely that they are unable to represent 
short-term fluctuations in the upper atmosphere. 

Finally the CACTUS data show that DTM unde- 
restimates the geomagnetic effect for low latitudes 
and low solar activity. This can be seen from Fig. 
15 which represents the decimal logarithm of 
pcAcrus/pr,m as a function of the I& index for 
almost all the data obtained with the micro- 
accelerometer. This example indicates that reflne- 
ments can still be made in global semi-emplrlcal 
models. 

5. CoNcLI,J~oN 

From the comparisons made in this paper, it 
would be unfair to conclude that any one of the 
models is completely inadequate to represent the 
physical structure of the terrestrial thermosphere. 
But, it would be pretentious to assert that all the 
phenomena observed are perfectly well understood 
and represented. 

It is necessary to remember that the solar activity 
effect is analyzed using data covering at most two 
solar cycles, and that there can be large differences 
between different solar cycles. For instance during 
the very high solar maximum in 1958 only drag 

data were available, and no in situ measurements 
have ever been performed under such conditions. 

The global geomagnetic effect is represented by 
empirical relations involving I& or A,, indices de- 
duced from 13 stations which are poorly distributed 
over the world: 11 stations between 63” N and 
SOoN geomagnetic latitude and two stations be- 
tween 46” S and 48” S (IAGA, 1970). It is, there- 
fore, not surprising that some difficulties are en- 
countered at high and low latitudes. 

The various models indicate different amplitudes 
in the diurnal variation of the atmospheric con- 
stituents and the phases agree only above 200 km. 

For the sand-lati~~ variation, a specific 
problem arises with helium abundance during local 
summer at high latitude. The large difference be- 
tween drag data and mass spectrometric data can- 
not be attributed to geophysical phenomena. It is 
conceivable that such a problem could be clarified 
by using extreme ultraviolet optical data for the 
helium distribution at high altitude. 

Except for the geomagnetic effect in 577, in no 
other model can the mathematical structure ac- 
count for longitudinal effects as a consequence of 
the assumed equivalence between longitude and 
local time. Comparing the ESRO4 data and the 
ESR04 model, VON ZWN and FRKXE (1978) 
have clearly shown the existence a longitudinal 
pattern for the atmospheric constituents. 

Finally density fluctuations as observed with the 
micro-accelerometer CACTUS, are far from being 
well represented by global thermospheric models. 

The difficulties encountered with the present 
semi-empirical models of the terrestrial thermos- 
phere should not be regarded as grounds for criti- 
cism of the work carried out in the past, but rather 
as a stimulation for further research in a field which 
is only 20 years old. 
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