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Abstract -&ring the period October to December 198 I, the Dpr~unzic.s fixplorer-2 (DE-2) spacecraft 
successively observed the South polar and the North polar regions, and recorded the temperature, 
composition and dynamical structureofthe upper thermosphere. In October 1981, perigeewas about 310km 
altitude, in the vicinity of the South Pole, with the satellite orbit in the 09.0~21.00 L.T. plane. During late 
November and December, the perigee bad precessed to the region of the North Pole, with the spacecraft 
sampling the upper thermosphere in the 06.00 18.00 L.T. plane. DE-2 observed the meridional wind with a 
FabryyPerot interferometer (FPl), the zonal wind with the wind and temperature spcctrometcr (WATS), the 
neutral temperature with the FPI, and the neutral atmosphere composition and density with the neutral 
atmosphere composition spectrometer (NACS). A comparison between the South (summer) Pole and the 
North (winter) Pole data shows considerable seasonal differences in all neutral atmosphere parameters. The 
region of the summer pole, under similar geomagnetic and solar activity conditions, and at a level of about 
300 km, is about 300 K warmer than that of the winter pole. and the density of atomic oxygen is strongly 
depleted (and nitrogen enhanced) around the summer pole (compared with the winter pole). Only part of the 
differences in temperature and composition structure can be related to the seasonal variation of solar 
insolation, however, and both polar regions display structural variations (with latitude and Universal Time) 
which are unmistakeable characteristics of strong magnetospheric forcing. The magnitude of the neutral 
atmosphere perturbations in winds. temperature, density and composition within both summer and winter 
polar regions all increase with increasing levels of geomagnetic activity. 

The UCL 3-dimensional time dependent global model has been used to simulate the diurnal, seasonal and 
geomagnetic response of the neutral thermosphere, attempting to follow the major features of the solar and 
geomagnetic inputs to the thermosphere which were present during the late 1981 period. 

In the UCL model, geomagnetic forcing is characterized by semi-empirical models of the polar electric field 
which show a dependence on the Y component of the Interplanetary Magnetic Field, due to Heppner and 
Maynard (1983). It is possible to obtain an overall agreement, in both summer and winter hemispheres, with 
the thermospheric wind structure at high latitudes, and to explain the geomagnetic control of the combined 
thermal and compositional structure both qualitatively and quantitatively. To obtain such agreement, 
however, it is essential to enhance the polar ionosphere as a consequence of magnetospheric particle 
precipitation, reflecting both widespread aurora1 (kilovolt) electrons, and “soft” cusp and polar cap sources. 
Geomagnetic forcing of the high latitude thermosphere cannot be explained purely by a polar convective 
electric field, and the thermal as well as ionising properties of these polar and aurora1 electron sources are 
crucial components of the total geomagnetic input. 

1. INTRODUCTION 
momentum sources associated with the aurora1 oval 

The upper thermospheric regions of the Earth’s and polar cap are frequently the dominant forcing 
atmosphere respond in the main to two dominant functions on a local scale. Occasionally, the total 

forcing functions. Solar e.u.v. and U.V. heating is usually geomagneticinput (globally integrated) may exceed the 
the largest global input of energy to the thermosphere, solar U.V. and e.u.v. energy deposited in the 
and is virtually always so at lower geographic and thermosphere. At such times, and in the vicinity of the 
geomagnetic latitudes. At high latitudes, the energy and aurora1 oval and polar cap, the geomagnetic energy 
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input may locally exceed the global average solar U.V. 
and e.u.v. input by several orders of magnitude. 

The dramatic response of the Earth’s thermosphere 
to geomagnetic forcing has been described in 
observations of extremely high wind speeds in the high 
latitude thermosphere by rocket and ground-based 
techniques (for example, Rees, 1971a,b; Meriwether et 
nl., 1973 ; Kelley et al., 1977; Hays el u!., 1979 ; Smith 
and Sweeney, 1980; Rees et al., 198Oa; Heppner and 
Miller, 1982). These studies have shown that high- 
latitude thermospheric winds respond both to 
geomagnetic momentum sources (ion drag) and to the 
high latitude geomagnetic energy input. Data from the 
Dynurtzics Explorer (DE-2) spacecraft have recently 
demonstrated that the two-cell response of the 
thermospheric winds to ion drag forcing is present 
under all but the most quiet of geomagnetic conditions. 
This was suggested by most of the previous empirical 
results which were made from single, fixed, locations 
and thus were incapable of following the poleward and 
cquatorwardmigration of the aurora1 oval as a function 
not only of geomagnetic local time, but also of 
geomagnetic activity. 

The results presented by Killeen et ai. (1982, 1983); 
Hays et ul. (19X4), Rees et al. (19831, and Roble et ul. 
(1983), based on the DE-2 data, all demonstrate that the 
two-cell wind circulation within the polar thermo- 
sphere can be directly related to ion-drag forcing by the 
polar ion convection pattern, as had been predicted by 
the global numerical 3-dimensional models of Fuller- 
Rowe11 and Rees (1980: 19X1) and Roble et ~1. (1982). 

Since the geomagnetic energy and momentum effects 
in the polar regions are important relative to the solar 
U.V. and e.u.v. inputs, it has been pointed out that 
vertical winds caused by strong “auroral” Joule and 
friction heating will serve to change the composition at 
constant altitude (Hays et al., 1973) by raising the 
altitude of a given pressure level. This is, however, only 
part of the thermospheric response. Large scale 
horizontal wind circulations occur in the thermosphere 
as a result of diurnal, latitudinal and seasonal 
asymmetries in the global energy input from both solar 
and geomagnetic sources. These systematic horizontal 
(and global scale) wind systems are associated with 
mean vertical winds ofmodest magnitude (1 -10 m s- ‘). 
The consequences of modest vertical convection 
correlated with large-scale horizontal advection, is 
most important. In particular, the compositional 
structure of the thermosphere, both at constant 
altitude, and at constant pressure levels, may be 
changed considerably by such correlated horizontal 
and vertical circulation systems. The very large 
seasonal/latitudinal variations of helium density in the 
thermosphere, and the summer to winter polar changes 

of the atomic oxygen to molecular nitrogen ratio are 
caused by very modest systematic updrafts in the 
summer pole (1-3 m s ‘), with comparable downdrafts 
in the winter pole, and a connecting mean meridionai 
circulation of about 3&50 m s *. 

Mayr and Harris (1978) and Volland (1979) have 
compared the effects of Joule heating and ion drag 
momentum on thcrmosphericcomposition. They have 
shown that the Joule heat source is the dominant cause 
of high latitude compositional changes. iion drag 
induces very large local wind speeds, but these winds 
are confined within the aurora1 oval and polar cap and 
follow the two-ccl1 ion convection pattern. The 
circulation is nearly divergence-free, and thus the 
momentum source itself tends not to create large 
composition changes. In reality, magnetospheric 
particle precipitation may increase ionospheric 

conductivity significantly in regions of rapid iono- 
spheric convection, so that a “pure” separation of ion 
drag and Joule heating processes will not naturally 
occur. The heat directly deposited by magnetospheric 
electrons, and particularly by “soft” electrons of the 
polar cusp and polar cap regions is an additional and 
major cause of thermospheric compositional change of 
equivalent importance to Joule heating, which was not 
considered by Mayr and Harris (1978). High latitude 
particle heating and Joule and friction heating, drive 
relatively low wind speeds, compared with those due to 
iondrag,but driveiarge-scalecirculations(hemispheric 
or global) which are very effective at forcing departures 
of thermospheric composition from that which would 
exist in an atmosphere in static diffusive equilibrium. 

Early observations of atmospheric composition 

revealed remarkable variations in the densities of heavy 
and light constituents associated with geomagnetic 
disturbances. Taeusch et al. (1971) used data from a 
mass spectrometer on OGO-VI to show a longitude or 
liniversal Time dependence of very large scale 
variations in composition. Many subsequent studies of 
the morphology of thermospheric composition using 
data from OGO-VI, Atmosphere Explorer und ESRO-4 
havcfurtherconfirmed andelucidated the geomagnetic 
control of high latitude thermospheric composition 
(Hedin and Reber, 1972 ; Reber and &din, 1974; 
Taeusch and Hinton, 1975 ; Hinton, 1978 ; Prolss and 
von Zahn, 1978). 

Moreover? empirical global models constructed 
from these measurements by Hedin et al. (1979) and 
Loux and von Zahn (1979) and incorporating radar 
backscatter measurements (Hedin, 1983), show 
unmistakeablegeomagneticcontrol ofthemorphology 
of thermospheric composition at high latitudes. Prolss 
(1980,1981,1982) and Prolss and Roemer (1983) have 
analysed many major disturbances, and their results 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 619 

indicate a U.T. variation of the regions of maximum 
compositional disturbance, which can be related to the 
rotation of the entire geomagnetic polar regions about 
the geographic pole during a diurnal cycle. Their 
analyses show clearly an enhancement in geomagneti- 
cally correlated changes at aurora1 and sub-aurora1 
latitudes in the midnight to dawn local time sector. The 
effects of large horizontal and vertical thermospheric 
winds during geomagnetically disturbed periods may 
contribute to this relationship. 

Despite the success in relating compositional 
variability to geomagnetically controlled energy and 
momentum sources, a full understanding of the 
variability has not emerged. The large number of 
geophysical variables from storm to storm, and the 
prescribed observational limits due to the geometry of 
the orbits of specific satellites, together present a data 
set which is inadequate for a definitive explanation of 
the phenomenon. The purpose of this work is to put the 
observations in the context of all of the variables, and to 
constrain a theoretical model to the observed vari- 
ations to attempt to evaluate the major geomag- 
netic processes. 

The UCL 3-dimensional time-dependent (3DTD) 
global model of the thermosphere (Fuller-Rowe11 and 
Rees, 1980, 1981, 1983) includes the effects that 
combined large-scale horizontal and vertical wind 
circulation systems have in competing with molecular 
and turbulent diffusive processes to maintain a 
compositional structure which may be very different 
from that which would be imposed by static diffusive 
equilibrium. Fuller-Rowe11 and Rees (1983) have 
shown that during both quiet and disturbed 
geomagnetic periods, at the equinox and near the 
solstices, the 3DTD model displays the average 
compositional features ofthe MSIS model (Hedin et al., 
1979; Hedin, 1983). In particular, the large enhance- 
ments of molecular nitrogen density, and somewhat 
smaller depletions of atomic oxygen density that occur 
in the summer polar region and that are observed as an 
average feature of the thermosphere at altitudes of 
above 200 km, are seen to be due to the combined effects 
of solar insolation of the permanently sunlit summer 
polar cap, combined with an additional and relatively 
localised geomagnetic heat input. 

With the launch of the Dynamics Explorer satellites 
(Hoffmann and Schmerling, 1981), one of which (DE-2) 
was equipped with a range of instrumentation to 
observe the composition, temperature and dynamics of 
the upper thermosphere, came the opportunity to 
compare the measured structure of the upper 
thermosphere with the predictions of the 3DTD model. 
Statistical surveys of temperature, composition and 
wind velocity have been completed for the satellite data 

for two specific periods. The first of these periods was 
when the satellite perigee was at high southern latitudes 
in October/November 1981, and the second was when 
perigee had precessed to high northern latitudes, in 
December 1981. These data sets present mean neutral 
winds, temperature, density and thermospheric 
composition structure, all corrected to an altitude of 
300 km and as functions of latitude, centred on the 
geographic pole, and sampled by Universal Time, in 2-h 
U.T. intervals. The south polar study includes a 
separate study of thermospheric composition carried 
out for periods when A, was below 20 and those periods 
when A, was above 20, corresponding to geomagnetic 
quiet and disturbed periods respectively. The satellite 
data sets will be compared with results from several 
numerical simulations using the UCL 3DTD model. 
The geomagnetic input to the thermosphere is 
described by the polar electric field, magnetospheric 
particle precipitation and by consequent changes in the 
polar ionosphere. These have been changed between 
the different simulations. This has been done in an 
attempt to investigate the relative importance of 
specific features of the empirical or theoretical models 
that are incorporated within the 3DTD model using the 
critical tests afforded by the unique north and south 
polar samples accumulated by DE-2. 

2. THE OBSERVATIONAL DATA BASE 

The Dynamics Explorer satellites, launched in 
August 198 1, were instrumental to observe a wide range 
of parameters of the inner magnetosphere, ionosphere 
and upper thermosphere (Hoffmann and Schmerling, 
1981) and to study the strong interactions between the 
magnetosphere, polar ionosphere and thermosphere 
which occur over a wide range of geomagnetic 
conditions. One of the two Dynamics Explorer 
spacecraft (D&2), in an orbit of low eccentricity, was 
specifically instrumented to observe the neutral 
thermosphere density, composition, temperature and 
dynamics between about 300 and 500 km altitude, and 
,also the density, composition and dynamics of the 
ionosphere, including the magnetospheric plasma 
precipitation. 

The neutral wind velocity vector determined by DE-2 
is derived from the meridional component as measured 
along the direction ofthe satellite motion by the Fabry- 
Perot interferometer (Hays et al., 1981) and the zonal 
component as measured in a direction perpendicular to 
the satellite track by the Wind and Temperature sensor 
(WATS) (Spencer et al., 1981), suitably combined to 
obtain the vector wind, as described by Killeen et al. 
(1982). Neutral temperature is measured by the FPI. 
Neutral atmosphere composition and density is 



620 D. Ram et aJ 

derived from the Neutral Atmosphere Composition 
Spectrometer (NAG), described by Carigan et al. 
(1981). Data for vector wind velocity, temperature, 
neutral atmosphere density, mean molecular weight, 
and the densities of atomic oxygen and molecular 
nitrogen have been statistically combined to form sets 
of average values for epochs when perigee was 
successively close to the South Pole and theNorth Pole, 
as functions of geographical latitude and Universal 
Time. The presentation is shown in Figs. 1 and 2 for the 
mean neutral wind and neutral temperature distri- 
butions for the South (summer, October 1981) and 
North (winter, December 1981) polar regions 
respectively. The abscissa is Universal Time, with data 
binned in 2-h intervals (centred on the odd hours). The 
vertical coordinate is latitude in each of the figures. In 
Fig. 1, data in the lower half has been taken at a local 
time of 2 1 .OO, while that in the upper half has been taken 
at 09.00 L.T. The geographic South Pole is at - 90”, and 
the locus of the nearest passage of the satellite to the 
south geomagnetic pole is marked by the sinusoidal 
curve. The satellite, being in a strictly polar orbit, only 
crosses directly over the geomagnetic south pole at two 
periods in the U.T. day, one close to midnight (U.T.), 
and the second close to midday (U.T.). In Fig. 2, data in 
the lower part has been taken at 18.00 L.T., while data in 
the upper half has been taken at 06.00 L.T., and the 
North Pole crossings are across the centre of the figure. 
The locus of closest approach to the north geomagnetic 
pole is again marked by a sinusoidal curve. 

In the southern (summer) polar region (Fig. 1) and in 
the northern (winter) polar region (Fig. 2) the major 
variations seen in the wind and temperature data, for 
example the fast anti-sunward winds in the polar cap, 
follow the diurnal migration of the geomagnetic polar 
region about the geographic pole. It will be seen that 
this U.T. and geomagnetic “control” in the polar 
regions applies to the neutral temperature and 
composition as well as to the dynamics of the 
thermosphere. In Figs. 3A and 3B respectively, the 
orbital track of DE-2 at 00.00, 06.00, 12.00 and 1X.00 
U.T. is shown for the South (16 October) and the North 
polar regions (21 December). A model polar potential 
electric fiefd (which will be discussed later) is used to 
illustrate the way in which the satellite path, crossing 
directly over the geographic pole, samples quite 
different geomagnetic regions at particular times in the 
U.T. day. The location of the terminator is also shown, 
indicating which parts of the satellite track, and of the 
geomagnetic polar region, will be sunlit for an orbit at a 
particular Universal time. 

In the Southern Hemisphere the geomagnetic pole is 
offset from the geographic pole by a much larger angie 
(22” rather than 11”). This has two important effects. 

The first is to cause a very large diurnal modulation of 
the solar insolation and photoionisation of the 
geomagnetic polar region. In mid-Qctober, the entire 
southern geomagnetic polar region is in sunlight except 
between 10.00 and 20.00 U.T., when the midnight parts 
of the polar cap and aurora1 oval dip into darkness. The 
second effect is due to the large diurnal migration of the 
southern geomagnetic polar region relative to the DE-2 
orbit. For example, about 18.00 U.T. in the Southern 
Hemisphere, the DE-2 orbit only grazes the dusk 
aurora1 oval. This partly explains the modest 
atmospheric perturbations observed in that region. In 
contrast, during December, the northern geomagnetic 
polar region is almost always in darkness, with a brief 
illumination of the dayside polar cusp by sunlight near 
18.00 U.T. The geometrical sampling of the 
geomagnetic polar region is less variable with 
Universal Time than in the Southern Hemisphere, but 
is still of significance, since near 06.00 U.T., the orbit 
passes close (in the 06.00-18.00 L.T. plane) to the 
dayside cusp, while near 18.00 U.T., the orbit crosses 
close to the midnight aurora1 oval. 

?‘he vector wind data 

Figure 1 shows the distribution of vector winds and 
neutral temperature sampled by latitude and Universal 
Time for the South polar region during October 1981. 
As described by Hays et a/. (1984) a region of 400- 
500 m s-r winds directed from right to left, or anti- 
sunward, follows closely the location of the magnetic 
polar cap during the U.T. day. The highest antisun- 
ward winds occur between 21.00 and 06.00 U.T., and 
close to 12.00 U.T. 

Where the satellite orbit intersects the dusk aurora1 
oval, and the associated region of fast sunward ion 
convection(Fig. 3) about 20” from the closest approach 
to the geomagnetic pole (below the sinusoid in Fig. l), 
there is a region of 200-300 m s ’ sunward winds at all 
U.T.s. Only in the period 03.00-05.00 U.T. is there an 
indication of sunward winds associated with the dawn 
crossing of the aurora1 oval (above the sinusoid). Below 
about 50” geomagnetic latitude the wind vectors are 
anti-sunward at 09.00 L.T., and weakly sunward at 
21 .OO U.T., with moderate velocities of between 100 and 
200ms ‘. 

Figure 2 shows the results of a complementary study 
of the North polar region, using data obtained in late 
November and December 1981. As noted by Hays et al. 

(1984), the polar cap is again dominated by a strong 
anti-sunward flow, averaging 500 m s- ‘, with a 
tendency for the highest velocities to occur on the dawn 
side of the magnetic pole crossing. In the dusk aurora1 
oval there are sunward winds of, typically, lO& 
300 m s- ‘. Howcvcr, average winds in the dawn oval 
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show only a tendency to decrease to small values between 
the high anti-sunward values of the polar cap and the 
smaller anti-sunward values associated with the mid- 

latitude regions. 

Neutral temperature s~ucture 
The temperature structure of the South polar region 

(Ways et al., 1984) is dominated, in this presentation, by 
a broad band of elevated temperature, approx. 50” of 
latitude in extent, which follows the diurnal (U.T.) 
migration ofthe South geomagneticpole. In reality, this 
band observed at variable geographic latitude as a 
function of U.T. is a region, approximately circular, and 
centred on the South geomagnetic pole. The highest 
temperatures appear to occur near midday U.T., and 
near midnight U.T., both at times when the DE-2 orbit 
crosses the late morning part ofthe aurora! oval and the 
dayside polar cusp. Temperatures in the period 1X0- 
23.00 U.T. arc signilicantly lower than those between 
23.00 and 15.00 U.T., i.e. when the orbit is crossing the 
afternoon parts of the aurora1 oval, and when that 
region is at low solar elevation. The temperature data 
have not been separately analysed for geomagnetic 
quiet and disturbed periods. 

Neutrai temperature over the North polar region 
(Fig. 2) is rather more complex than that of the South 
polar region. The temperatures within the mid-latitude 
regions at 18.00 L.T. are significantly higher than those 
in the mid-latitude regions at 06.00 L.T. Moving 
poleward from mid-latitude at 18.00 L.T., there is a 
steady decrease toward the pole to a latitude of about 
60”. The geomagnetic polar region is surprisingly hot 
(also noted by Blamont and Luton, 1972), with the 
region of highest temperatures located toward the 
dawn side of the polar cap (but distinctly poleward of 
the dawn amoral oval). 

A cold region appears between 60 and SO” 
geomagnetic latitude in the evening hours, most 
pronounced about 12.00 U.T., when this geomagnetic 
region is at highest geographic latitude, and thus has a 
low or zero level of soiar u.v./e.u.v. input during this 
winter solstice period. The temperature contrast 
between the hot region of the geomagnetic pole and this 
cold aurora1 and sub-aurora1 evening region is about 
300 K. This strong contrast was not well predicted by 
the comparisons with models described earlier by Hays 
et uE. (1984). The mechanisms which combine to cause 
this strong temperature contrast are included in the 
present model simulations and will be discussed later. 

Neutrul gas composition and density 
(a) Composition and density in the South polar region 

(October 1981). In Fig. 4, a composite of the 
temperature (FPI) and composition (NACS) data are 

displayed. In panel(A), the FPI temperatures are shown 
(same as Fig. l), while panel (B) shows the mean 
molecular weight distribution derived from NACS. 
Panels (C) and (D) show the individual (NACS) 
densities of atomic oxygen and molecular nitrogen, in 
the same format as that described previously for the 
neutral wind and temperature data. The neutral 
composition data is selected for geomagnetic quiet 
periods, i.e. for A, < 20, while the temperature data is 
the average of all activity for October 1981. 

Mean molecular weight increases from midlatitudes 
at either 09.00 L.T. or at 21 .OO L.T. toward tke southern 
(summer) polar region. However, the region of the 
highest mean molecular weight follows the diurnal 
variation of the locus of the south geomagnetic pole but 
is displaced toward the morning aurora1 oval. 
Molecular nitrogen densities are observed to be 
strongly enhanced when the satellite crosses the 
geomagnetic polar region, and particularly so on the 
morning side of the polar cap, close to the boundary 
with the morning aurora1 oval, and in the U.T. period 
between 04.00 and 12.00 U.T. 

The major reason that the post U.T.-noon data 
shows smaller nitrogen enhancements is apparently 
only that the DE-2 orbit does not cross the dawn 
aurora1 oval in this period. It should, however, be 
recalled (Fig. 3) that the DE-2 crossings of the morning 
aurora1 oval occur when the solar elevation angle is 
reiatively high (maximum solar photo-ionisation). Hn 
October 1981, the solar elevation angle is rather Iow 
when DE-2 crosses the dusk aurora1 oval. 

The temptation to associate the maximum com- 
positional perturbation with the region of the morning 
aurora1 oval should thus be tempered with the 
recollection that for the DE-2 orbit plane alignment in 
October, photo-ionisation enhances the conductivity 
of the morning amoral oval to a much larger extent 
than that of the dusk aurora1 oval. The maximum 
compositional enhancement may thus be partly an 
artifact of the orbit plane alignment of DE-2 during this 
epoch. 

Atomic oxygen is depleted in the high magnetic 
latitude region, but to only about 30% of the extent to 
which molecular nitrogen is enhanced. The region of 
maximum oxygen depletion occurs near to the closest 
approach of the satellite to the South magnetic pole. 
The total gas density is not explicitly shown in these 
tigures. In general, and particularly in the summer 
hemisphere, the opposing senses of the nitrogen and 
oxygen perturbations mean that total density shows 
less structure than the densities of the individual major 
constituents. 

In Fig. 5 (A, B, C and D), a complementary study of 
the South polar region for more disturbed geomagnetic 
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TermR 

Southern 
Hemisphere 

0 October 0 

periods is shown (Ap > 20). Note that the same neutral 
temperature data are shown as in Figs. 1 and4(A). All of 
the features of the quiet study (AP < 20) which were 
associated with the southern geomagnetic polar region 
and the input of geomagnetic energy, are further 
enhanced above the middle latitude regions. Molecular 
nitrogen, for example, replaces atomic oxygen as the 
major constituent over a considerable latitudinal 
region about the geomagnetic pole, in particular near 
12.00 U.T. There is also a noticeable increase in the 
latitude range about the geomagnetic pole in which the 
compositional perturbations occur. This latitudinal 
extension can be associated with a general equatorward 
expansion of the aurora1 oval during the more 
geomagnetically distwrbed periods covered by this 
particular sample of data (Siscoe, 1982; Meng, 1983). 

(b) Neutral composition and clmsity in the winter 
North Pole region. In Fig. 5, the same neutral 
composition parameters as those shown in Figs. 4 and 5 
for the South polar region are shown for the North 
polar study (December 1981). The format is similar to 
that used in Fig. 2. Figure 6(B) shows that the mean 
molecular weight decreases persistently from mid- 
latitudes at lg.00 LT., toward the northern pole, and 
then continues decreasing toward the mid-latitude 
region at 06.00 LT., as would be expected from all 
global models. However, there is an abrupt reversal of 
this trend in a region of enhanced molecular weight on 
the dawn boundary of the polar cap and aurora1 oval. 
This region follows the Iocus of the magnetic pole 
during the W.T. day, but is persistently displaced about 
lo” oflatitude toward the dawn side ofthe polar cap. It 
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Northern 
Hemisphere 

December 

18 

FIG.3. (A) ORI~NTATI~NO~T~~ DE-2 ~R~ITPLA~~TH~T~~MINATOR~~AT~~~LINE)A~VTHEC~NV~~TIO~ 
PATT~RNASSOCIA~~~I~THESO~THG~O~AGNE~~POLARREC;I~N~~~ORT~EO~~~WER 1981 P’ER~O~. 

The orbit plane is approx. between 22.00 and 09.00 L.T. Average soiar declination (16 October) is about - 12”. 
(B) ~R~~~ATION~~T~ DE-2 ORRITPLANE,~TEKMINATOR~HATC~E~LINE)AND~HECONVECTIONPATT~RN 

ASSOCIATEDWITHTNE NORTH GEOMAGNETICP~~LARREC~~~NFOKTHE~ECEMDBK 1981 1mI0v. 

The orbit plane is approx. between 06.00 and 18.00 L.T. Average solar decIiuation (21 December) is about 
- 23”. 

should be noted that the mean molecular weight in the 
winter polar cap region is much lower than in the 
summer polar cap. Atomic oxygen is always the 
dominant component at 320 km in these winter polar 
regions, and the highest average values of mean 
molecular weight are 18.5, compared with values of 23 
in the summer South Pole region. 

Figures 6(C) and(D) show that it is an enhancement 

ofmolecular nitrogen density that is responsible for the 
highest values of mean molecular weight on the dawn 
side of the winter geomagnetic polar cap, rather than a 
depletion of atomic oxygen density. Reference back to 
Fig. 2 indicates that this region of the dawn side of the 
polar cap is where the highest ants-sunward winds 
occur, and is afso where the gas temperature is very 
high. 
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3. THE THEORETICAL GLOBAL 

NUMERICAL MODEL 

The UCL 3-D T-D thermospheric model has been 
described in a series of papers (Fuller-Rowe11 and Rees, 
1980,19&l, 1983,1984; Reeset al., 1980a,b, 19X1,1982, 
1983, 1984; Smith et al., 1982; Fuller-Rowe11 et ul., 
1984; Quegan et al., 1982). The model includes options 
of using theoretical or empirical models of solar 
u.v./e.u.v. &axes, of heating efficiencies, and of the 
ionosphere and its global and local responses to solar 
photo-ionisation. Theoretical or empirical models of 
magnetospheric convection at high latitudes and of 
ionospheric convection at low latitudes can be used to 
describe the momentum interactions (ion drag) of the 
neutral and ionised species. Differential ion and neutral 
motions also create sources of Joule and friction 
heating. These processes (ion drag and Joule/friction 
heating) may be strongly enhanced where ionospheric 
plasma densities are elevated due to magnetospheric 
particle precipitation. The direct thermal energy 
deposition caused by magnetospheric particle precipi- 
tation, in addition to enhanced Joule heating due to 
elevated plasma densities, is added to the energy 
equation in a self-consistent way. However, there is no 
attempt at a self-consistent treatment of coupling 
between magnetosphere, ionosphere and thermo- 
sphere in terms of convection, or for continuity of 
current carriers for the ionospheric or for the Reld- 
aligned, magnetospheric, current systems in any of the 
models. The geomagnetic poles are distinct from the 
geographic poles, so that U.T. and longitude 
dependencies due to geomagnetic phenomena can be 
simulated realistically. Lastly, thermosopheric com- 
position responds to systematic convection and 
advection so that in regions of upwelling, the ratio of 
molecular nitrogen density to atomic oxygen density 
will be enhanced at constant altitude and at constant 
pressure levels, while the atomic oxygen to molecular 
nitrogen density ratio will be enhanced in regions of 
persistent downdraft. This composition solution is fully 

A. i 6 October 
Northern Hemisphere 

(autumn/winter) 
Southern Hemisphere 

(spring/su.mmer) 

U.V. cu.“. 

4.3 0.9 

5.3 1.4 

H. 2i December LI.V. C.U.V. 

Northern Hemisphere (winter) 3.0 0.72 
Southern Hemisphere (summer) 6.6 :.61 

All flumbcrs are in units of iO(1 I) W. 

self-consistent with the proviso that it does not include 
a detailed photochemical scheme, and thus applies to a 
light species, atomic oxygen, and a heavy species, a 
mixture of N2 and 02. The compositional (and other) 
results produced by the model have to be considered 
with care when approaching the lower boundary of the 
model (80 km). 

4. SIMULATING THE TNERMOSPHERPC RESPONSE TO 

QUIET AND DISTURBED GEOMAGNETIC PERKIDS AND 

THE INFLUENCE OF THE ‘&I”’ COMPONENT OF THE 

INTERPLANETARY MAGNETIC FIELD 

A large number of simulations of the dynamics and 
structure ofthe Earth’s thermosphere have been carried 
out with the UCL model. These have been discussed in 
previous papers referenced in Section 3. The model is in 
a process of evolution to meet the challenges of new 
empirical data, and to reflect improving theoretical 
concepts of treating various sources of energy and 
momentum for the thermosphere, or the interactions 
between the thermosphere, ionosphere and 
magnetosphere. 

In this paper, some of the effects on the polar 
thermosphere of the ionospheric convection distri- 
butions of recent models of the polar electric field, 
which contain a dependence on the “I”’ component of 
the IIWF, will be tested. These models have been 
prepared by Heppner and Maynard (1983) from data 
obtained by the Vector Electric Fieid Instrument 
(VEFI) of Dynamics Explorer-2. For the purpose of 
comparisons with the Dynamics Explorer data sets 
described in this paper, ten distinct global simulations 
will be used. Each of these are quasi-steady state global 
simulations (i.e. the only variability is that due to 
Universal Time, local time, latitude and altitude). That 
is? the UCL model has been run, in each case, to the 
point where the diurnal variations arc fully repeatable. 
Depending on the extent of changes of energy and 
momentum inputs relative to a previously-run and 
stable modci, the total process requires between 48 and 
80 h of “thermospheric” time to achieve stability 
for each of the 10 simulations. 

Five of these simulations are for December solstice 
conditions, corresponding to the December 1981 DE-2 
Northern Hemisphere observations period (i.e. 
Northern Hemisphere winter), and five are for the 
epoch corresponding to mid-October 198 I, the period 
of the southern polar UB-2 study. The Northern 
Hemisphere winter solstice simulation is considered to 
be adequate for the northern polar perigee period 
in December i981, due to the slow rate of change of 
solar declination between late November and late 

December. 
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Solar U.V. and e.u.v. inputs corresponding to a mean 
F 10.7 cm flux of 150 units have been used in all of these 
simulations. This value is rather lower than the means 

for the October 81 epoch (240) or the December 81 
epoch (220). The differences can be assessed using 
studies of the sensitivity of mean thermospheric 
temperature to e.u.v. flux carried out by Fuller-Rowe11 
and Rees (1980) and by Smith and Rees (1985). 

The gobal mean temperature should be about 200 K 
higher when F 10.7 cm = 220 than when F 10.7 cm 
= 150, assuming the same level of geomagnetic activity 
and energy input to the thermosphere. 

Two simulations have been run for each period using 
the CHTU (1975) global ionospheric model to describe 
quiet geomagnetic conditions (Rees et al., 1983). A 
further three simulations have been run for each period 
using a merger of the CHBU model at low latitudes with 
a hybrid high latitude ionospheric model “PIONS” 
which describes the response of the high-latitude 
ionosphere to the energetic particle precipitation from 
the magnetosphere. The PIONS model is based on a 
study carried out by Roble and Rees (1977), and its 
development and adaptation to the UCL 3-D T-D 
model is described in Smith (1984) and Smith et al. (in 
preparation, 1985). 

The PIONS model is not fully self-consistent, but 
produces results which, for thermospheric purposes, 
are consistent with the major structures observed in 
thermal ionospheric plasma distributions, in the self- 
consistent study carried out by Quegan et al. (1982). 
The major differences are that PIONS more 
realistically describes E-region ionisation response to 
magnetospheric particle precipitation, and allows the 
use of values of magnetospheric plasma precipitation 
which represent average precipitation values as 
described by Winningham and Gurgiolo (1982) from 
DE-2 data, by Evans (pers. comm. 1983) from NOOA-7 
data, and by Spiro et al. (1982) from Atmosphere 
Explorer data. 

In using the PIONS model, the ionospheric densities 
are not permitted to fall below the appropriate CHIU 
model values, and at lower latitudes, the two models are 
merged. 

Two simulations for both October and December 
periods, using the CHIU-PIONS ionosphere models, 
use as magnetospheric particle input, a description of 
“soft” polar cusp and polar cap electron sources only. 
Such “soft” electrons represent a considerable and 
important heat source to the middle and upper 
thermosphere, in addition to their ionisingeffects which 
augment ion drag and frictional heating. 

The last pair of simulations, one for October and one 
for December, use, in addition to the “soft” electron 
sources, the energetic electron input described by Spiro 

et al. (1982) for conditions of 100 < AE < 300. These 
kilovolt or aurora1 electrons strongly augment heating, 
ionisation, ion drag and friction (Joule) heating in the 

lower thermosphere within the aurora1 oval. 
High latitude ionospheric convection is of crucial 

importance to the behaviour of the thermosphere. Its 
effects, via ion drag, modulate the wind patterns 
observed throughout the polar cap and aurora1 oval 
and, beyond the local wind effects, the associated Joule 
and friction heating play a major role in determining 
the mean meridional wind distribution on a global 

scale. 
In this study, two polar electric field models have 

been used. These are the two asymmetric convection 
fields associated by Heppner and Maynard (1983) with 
the direction of the “Y” component of the 

Interplanetary Magnetic Field (IMF). These polar 
potential field distributions are illustrated in Fig. 7. In 
the Northern Hemisphere, the configuration when BY 
is negative (the A2 model) is shown in Fig. 7A, while that 
when BY is positive (the B2 model) is shown in Fig. 7B. 
Depending on the sense of the IMF Y component, very 
large changes will occur, according to these models, in 
the plasma flow in the vicinity of the polar cusp, and 
over the entire polar cap. For a situation when the IMF 
BY is positive, a cell of high velocity plasma flow will 
link the afternoon aurora1 oval and dawn polar cap. 
When BY is negative, a large-scale convection cell will 
link the dawn aurora1 oval and dusk polar cap. The 
thermospheric consequences of these convection 
patterns will depend on the covariance (or otherwise) of 
magnetospheric energetic particle precipitation, which 
will thus influence the patterns of ionospheric 
conductivity. As yet, no comparable study of 
magnetospheric energetic plasma precipitation has 
been completed. In the absence of better empirical 
information, the same ionospheric plasma distri- 
butions will be used for either of the convective field 
patterns. 

The appropriate use ofthesepatterns is that when BY 
is positive, the B2 field should be used in the Northern 
Hemisphere, and the A2 field should be used in the 
Southern Hemisphere. Conversely, when BY is 
negative, the A2 field should be used in the Northern 
Hemisphere and the B2 field should be used in the 
Southern Hemisphere. 

The one exception relating to the ionospheric plasma 
is the location of the source of soft electrons 
corresponding to the polar cusp. It is assumed that the 
location of the cusp source migrates with the cusp as 
defined by the convection pattern. When BY is positive 
the cusp source is centered at earlier local time (about 
11.00 L.T.), while when BY is negative, the cusp source 
is centered about 13.00 L.T. It should be emphasized 
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FIG. 7(a) 

that this translation of the “soft” cusp electron source is 
not based on empirical data. 

The neutral wind distributions produced by each of 
these asymmetric polar electric field distributions have 
been discussed and related to individual wind 
observations both from DE-2 and from ground-based 
Fabry-Perot interferometers by Rees el al. (1985). They 
point out that many high latitude thermospheric wind 
observations, both satellite and ground-based, are 
difficult to simulate or explain without invoking large 
asymmetries of ion convection velocity. These 
asymmetries appear to be associated with persistent 
trends of the IMF Y component. Quite frequently, 
asymmetric distributions of thermospheric winds are 
observed which appear to be consistent with the major 
features ofthermospheric circulation induced by either 
the A2 or the B2 convection models. The complete 
range of input conditions for the three groups of model 

simulations which have been carried out are described 
in Table 2. Many of the details are common to all of the 
ten simulations, and these common data are described 
in Table 3. 

RAXGE OF SIMULATIONS 

3.1. The instuntaneous distribution oj’wind und 
temperature 

The DE-2 observations do not, either individually 
or collectively, present a complete pattern of wind 
circulation. Neither do the observations sample all 
regions of geophysical importatmr at a full range of 
Universal Times, at all seasons, and under a wide range 
of geomagnetic activity conditions. Tf the simulations 
are to be of value, they must predict the DE-2 
observations, without generating unrealistic thermo- 
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(b) 

FIG.~. POLAR cONVBCTIONELECTR~C P~TENTIALOISTRIRUTIONS PROM HEPPNER (1983), WITH 0i?pENi>P.NcE0~ 
THE(iynCOMPONE~OQTHB IMF. 

(a) The A-2 field-applied to the Northern Hemisphere with BY - ve. Applied to the Southern Hemisphere 
with BY + ve. 

(b) The B-2 Iield-applied to the Southern Hemisphere with BY - ve. Applied to the Northern Hemisphere 
with BY + ve. 

spheric phenomena under a combination of conditions 
which have not yet been described by the DE-2 (or 
other) observations. The circulation and temperature 
structures generated by the two convection field models 
will thus be briefly described. 

The polar wind circulation and temperature structure 
due to the asymmetric convection electricJields 

In Fig. 8(A) and (B) two snap-shots of the South 
(summer) polar region are shown at 19.20 U.T. These 

contrast the polar circulation induced by the A2 and the 
B2 convection models in the Southern Hemisphere 
(representing the situations when the Y component of 
the IMF is respectively positive or negativt). The 
ionospheric models used in these two simulatibns are 
the same, CHIU/PIONS, reflecting moderately 
disturbed geomagnetic conditions. The neutral 
temperature field is shown as a scalar background to 
the vector wind distribution for an altitude of 320 km. 
The quasi-steady state condition of these models 
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TAi3LB 2. THE GIDMAGNETIC INPUT CONDITIONSFOK THE THKIIEMGDELGKOIJPS 

Group 1. Simulations for moderately quiet geomagnetic 
conditions. 

Global Ionosphere : CHTU (1975) 
Particle Heating: None 
Particle Ionisation : None 
Joule heating due to polar electric field and CI-IIU ionosphere 

Northern Hemisphere: 

A2/%2 CHIU B2/A2 CHIU 
16 21 16 21 

October December October December 
00.00 U.T. 0.17 0.118 0.17 0.112 
06.00 U.T. 0.12 0.100 0.11 0.090 
12.00 U.T. 0.25 0.134 0.21 0.125 
18.00 U.T. 0.35 0.185 0.38 0.164 

Southern Hemisphere: 

A2/B2 CHIU %2/A2 CHIU 
16 21 16 21 

October December October December 
00.00 U.T. 0.98 1.20 0.84 1.26 
06.00 U.T. 0.93 1.24 1.09 1.39 
12.00 U.T. 0.43 0.81 0.38 0.72 
18.00 U.T. 0.30 0.67 0.34 0.74 

Input is in units of lO(11) W. 

Group 2. Simulations for moderately disturbed geomagnetic 
conditions. 

Global Ionosphere : 

Particle Heating : 

Particle Ionisation : 

Joule healing: 

CHIU (1975) at low latitudes, 
merged with PIQNS model at high 
geomagnetic latitudes. 
Polar cusp-l erg cm-’ at 100 eV, 
plus Polar cap-O.5 erg cm-* at 
100 eV, Total 0.05(11) W global. 
Polar cusp and polar cap ionisation 
related to particle heat input by 
PIQNS model. 
Polar electric field and CHlU 
ionosphere at low latitudes, with 
conductivity enhanced in polar cap 
and polar cusp due to “soft” electron 
precipitation. 

Northern Hemisphere: 

A2/B2 B2/A2 
CHIU/PIONS CHIU/PIONS 
16 21 16 21 

October December October December 
00.00 U.T. 0.38 0.18 0.35 0.17 
06.00 U.T. 0.32 0.15 0.34 0.14 
12.00 U.T. 0.49 0.19 0.52 0.18 
18.00 U.T. 0.56 0.25 0.59 0.23 

Southern Hemisphere: 

A2/%2 %2/A2 
CHIUjPIONS CHIU,‘PIONS 
16 21 16 21 

October December October December 
00.00 U .T. 0.99 1.30 1.05 1.39 

06.00 U.T. 1.04 1.35 
12.00 U.T. 0.70 0.90 
18.00 U.T. 0.59 0.76 

Input is in units of tO(11) W. 

1.17 1.53 
0.64 0.82 
0.65 0.85 

Group 3. Simulations for more disturbed geomagnetic 
conditions. 

Global Ionosphere : CMIU (1975) at low latitudes, 
merged with PIQNS model at high 
geomagnetic latitudes. 
Polar cusp- 1 erg cm-’ at 100 eV, 
plus Polar capp0.5 erg cm-’ at 
100 eV. Aurora1 oval precipitation 
from Spiro et al. (1982) for 100 <: 
AE < 300. 

Particle Heating: 

Particle Ionisation : 

Joule heating: 

Total 0.36( 11) W global. 
Polar cusp and polar cap ionisation 
related to particle heat input by 
PIONS model. 
Polar electric field and CHIU 
ionosphere heating augmented by 
particle energy deposition and by 
consequent ionisation and conduc- 
tivity increases. 

Northern Hemisphere : 

%2/A2 CHIU/PIONS + Spiro. 
(B2 Field applied to Northern Hemisphere, BY + ve.) 

16 October 21 December 
00.00 U.T. 0.64 0.54 
06.00 U.T. 0.59 0.53 
12.00 U.T. 0.63 0.53 
18.00 U.T. 0.85 0.58 

Southern Hemisphere: 

B2/A2 CHIU/PIONS 
(A2 Field applied to Southern Hemisphere, BY + ve.) 

16 October 21 December 
00.00 W .T. 1.27 1.71 
06.00 LJ.T. 1.65 1.88 
12.00 U.T. 0.84 1.18 
18.00 U.T. 0.97 1.22 

Input is in units of lO(1 I) W. 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 629 



D
E

 
D

A
T

A
 

T
E

W
E

R
A

JU
R

E
 

P
L

O
T

 
D

E
N

32
@

 f
 8

Q
. 

N
D

B
 

LT
= 

6.
B

 

62
. 

72
. 

57
. 

47
. 

37
. 

LT
=t

8.
0 

50
8 

M
/S

 

E
LE

C
. 

m
: 

E
s.

 
D

A
T

A
 

F
R

O
M

 D
E

 
O

R
B

IT
S

 
<

Ll
A

T
S

 
&

 
F

P
Il 

E
LE

C
. 

L-
E

N
S

: 
D

A
T

A
 

M
R

T
H

 
F

Y
JL

E
 P

E
R

IG
E

E
 

E
P

D
C

H
 

D
A

T
E

: 
D

E
C

 8
1 

E
 

15
50

.6
 

O
 

f-
50

0 
‘ 
0 

i4
5Q

.Q
 

t4
0a

.0
 

f3
50

.0
 

fS
i3

Q
.Q

 

.f2
50

.0
 

P
 

i2
Q

0.
8 

g ‘c
 

f 
fw

m
.8

 
g 

10
00

.0
 

Y
0t

3.
0 

D
E

G
 K

 

FI
G

.~
. 
N
E
Z
~
T
W
A
L
W
I
N
D
A
N
D
~
~
~
T
U
R
E
O
B
S
E
I
~
V
A
~
O
N
S
~
R
~
 

N
O

R
T

H
 I
Q
L
A
R
R
W
O
N
F
R
O
M
 

D
E

-~
D

L
JH

N
G

D
E

C
E

M
E

C
E

R
~~

~~
. 

T
he

 w
in

d 
ve

ct
or

s 
ar

e 
co

m
bi

ne
d 

FP
I 

(m
er

id
io

na
l)

 
an

d 
W

A
T

S 
(z

on
ai

) 
co

m
po

ne
nt

s 
in

 b
in

s 
of

 2
 h

 i
n 

U
.T

. 
an

d 
5”

 in
 l

at
itu

de
. 

L
oc

al
 

tim
e 

fo
r 

th
e 

to
p 

ha
lf

of
th

e 
fi

gu
re

 
is

 
06

.0
0 

an
d 

18
.0

0 
fo

r 
th

e 
lo

w
er

 
ha

lf
, 

w
ith

 
th

e 
N

or
th

 
ge

og
ra

ph
ic

 
po

le
 

cr
os

si
ng

s 
at

 9
0”

. 
T

he
 

si
nu

so
id

al
 

lin
e 

m
ar

ks
 

th
e 

cl
os

es
t 

ap
pr

oa
ch

 
of

 t
he

 
sa

te
lli

te
 

to
 t

he
 N

or
th

 
ge

om
ag

ne
tic

 
po

le
. 

In
 

th
is

 
pr

es
en

ta
tio

n,
 

w
in

ds
 

di
re

ct
ed

 
to

 
th

e 
ri

gh
t 

ar
e 

an
ti-

su
nw

ar
d 

(r
ef

. 
to

 
Fi

g.
 

3B
).

 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 



632 D. REES et al. 



m 
9 

The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 



634 D. RISES et al. 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 

m 
-i- 

ci? 



D. RIBS et al. 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 631 



638 

. . . 
u 13 w 
YY% 
wuc2.J 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 639 



640 

ii 

ii 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 641 

N 

~~ 

e 8 
I 

Q 
. . . . . . . 



E
LE

C
 

E
LK

. 
B

A
T

E
 :

 



The composition, structure, ten~~rature and dynamics of the upper ~~erm~sp~ere in the polar regions 643 



c - b _ - c (r_ 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 645 



--
 

- 

L
-r

= 
a.

4 

11
44

.4
 

lB
5.

8 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 647 



648 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 649 



i!J 

L 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 651 



4Q
 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 653 

8 
P 6 

ti 

-2 



654 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 655 



m t-._ h?’ m f’--- 

- - - 
- m--c cc- c- *I c 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 657 



The composition, structure, temperature and dynamics of the upper thermosphere in the polar regions 659 

TABLE 3. CQMMONDATAONTIIEGEOMAG~?ETIC:ENERGYAND 
MOMENTUMlNPUTSTOTHBTHREEMOI~ELGROUPS 

The asymmetric polar convection fields of Heppner (1983) 

The A2 field The B2 field 
IMF BY -ve IMF BY +ve 

Cross-polar cap potential : 16 kV 16 kV 
Potential of dusk boundary : -40 kV -42 kV 
Potential of dawn boundary: 36 kV 34 kV 
Cusp entry to polar cap: 10 L.M.T. 11.5 L.M.T. 
Harang discontinuity at 
centre of amoral oval: 00 L.M.T. 01 L.M.T. 
Diameter of polar cap : 32 28 
(degrees geomagnetic 
latitude) 
Diameter of aurora1 oval : 42 40 
(fastest sunward 
convection) 

reflects solar illumination of 16 October, correspond- 
ing approximately to the mid-point of the DE-2 South 
polar study. 

In Fig. 9(A) and(B), two comparable snapshots of the 
North (winter) Hemisphere are shown at 19.20 U.T. for 
the B2 and A2 convection fields respectively, and with 
the solar illumination representative of 21 December, 
and the same geomagnetic activity as that used to 
obtain the Southern Hemisphere simulations. 

Major changes in the polar neutral wind circulation 
and in the temperature structure result from switch- 
ing between the two convection patterns. In both 
hemispheres, there is a strong antisunward wind jet on 
the dusk side of the polar cap in the A2 simulation, 
which switches to the dawn side of the polar cap for the 
82 simulation. The sunward circulation of the dawn 
amoral oval is strong for the A2 simulation, and weak 
or absent for the B2 simulation. 

In the Southern Hemisphere, regions of eastward 
and equatorward winds which appear equatorward of 
the morning amoral oval for the A2 model are occupied 
by equatorward and westward winds for the B2 model. 
The entire anti-sunward flow in the dawn part of the 
polar cap (seen here at about 55-70” latitude and OO.OO- 
06.00 LT.) is directed more westward for the B2 model 
and more equatorward for the A2 model. 

In the Northern Hemisphere, the westward wind jet 
associated with the evening aurora1 oval is well defined 
for both models. However, the extent of the clockwise 
polar vortex, of which the westward jet of the evening 
amoral oval forms a part, is much larger under the 
influence of the B2 model. For this model, the vortex 
extends to the dawn edge of the polar cap, where there is 
a region of high speed anti-sunward winds. By 
comparison, for the A2 model, the dusk vortex is 
terminated sharply near 12.00 LT. by a region of 

eastward and poleward winds driven sunward through 
the dawn amoral oval, and continuing anti-sunward 
toward the dusk side of the polar cap. 

In the northern winter polar region, the B2 
convection model drives very weak sunward winds in 
the dawn amoral oval. However, the A2 model drives a 
complete cyclonic vortex including the dawn amoral 
oval and the dusk side of the polar cap. For this case 
(A2), the strongest anti-sunward winds occur on the 
dusk side of the polar cap, contrasting with the location 
of the antisunward wind jet on the dawn side of the 
polar cap for the B2 model. With either the 162 or the A2 
model, there is a significant U.T. modulation of the 
details of the polar circulation in both hemispheres as 
the Earth rotates and the solar illumination of each 
geomagnetic polar region changes. There will also be 
changes in the polar winds, and the other structures of 
the polar regions, if the size of the aurora1 oval, the 
magnitude of the cross-polar cap potential, or the 
amount and distribution of precipitation in the aurora1 
and polar regions is changed. The snap-shots which are 
shown are, however, representative of the general 
circulation features. 

Thermal structure 
In the Southern Hemisphere (19.20 U.T.), a small 

temperature change of about 50 K can be associated 
with the change from the A2 to the B2 convection field. 
For the B2 field, the highest temperatures occur in the 
dawn part of the polar cap, while for the A2 field, the 
highest temperature region is located more centrally in 
the polar cap or on the dusk side near the boundary 
with the evening amoral oval. 

In the Northern Hemisphere, the temperature 
structure at lower latitudes is virtually unchanged as a 
result of using the A2 or the B2 model. However, at 
higher latitudes, there are major changes. In the B2 
simulation, the dawn side of the polar cap, which has 
strong anti-sunward winds driven by the strong anti- 
sunward ion convection, is associated with a region of 
enhanced temperature which extends from the dayside 
polar cusp. Conversely, for the A2 model, the region of 
enhanced temperatures extends from the cusp to the 
dusk part of the polar cap. For each of the B2 and A2 
simulations, those polar regions where temperatures 
were elevated for the one polar convection field model 
are seen to have depressed temperatures for the 
complementary convection model. That is, the dusk 
part of the polar cap and aurora1 oval is a cool region in 
the 82 simulation, while the dawn part of the polar cap 
and the dawn aurora1 oval is a cool region in the A2 
simulation. 

Two processes are involved in causing the polar 
temperature maxima. Firstly, the “soft” dayside cusp 
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electron source strongly heats the upper thermosphere 
in both of the simulations. The extension of the heated 
regions antisunward over the polar cap appears to be 
due partly to a thermal “plume”, carried out of the cusp 
region, by the respective anti-sunward winds generated 
by either the A2 or the B2 convection patterns. A second 
process is local heating caused by enhanced Joule or 
frictional heating due to the changes in the convection 
patterns. This process appears to be rather less 
important than the wind-driven thermal plume in the 
present simulations. A part of the reason for the smaller 
importance of this process is the acceleration of fast 
anti-sunward winds by the anti-sunward ion jets, 
reducing the ion-neutral differential velocity and thus 
the frictional heating. 

5.2. Simulations of thermospheric structure atzd dynamics 
ut corutunt LT. 

The results of the model simulations will be presented 
in the format of the DE-2 data shown in Figs. 1 and 2, 
and 4’ 6. The full 3-D global model is normally used at 
1.2-h Universal Time intervals (although the numerical 
time-step in themodel is 1 min). Theindividualdatasets 
(at constant U.T.) are sampled for the particular local 
times corresponding to the orbit plane of the DE-2 
spacecraft appropriate to the October (South) or 
December (North) epochs. 

5.2. I. Models for moderately disturbed geomugnetic 
conditions withsourcesqflow energy electronsinthecusp 

and polar cap. A pair of simulations have been 
generated using the merged “hybrid” CHIU/PIQNS 
global ionosphere, where the geomagnetic polar cap 
and the region of the dayside cusp have been enhanced 
by the inclusion of“soft” electron precipitation. There is 
no aurora1 electron precipitation in the MB, KC, KD or 
the K E models. These models are denoted as the KC, 
KD (B?/A2) model (when the Y component of the IMF 
is positive), and the MB, KE (A2/B2) model (when the Y 
component of the IMF is negative). For the Southern 
Hemisphere, the Local Time region studied by DE-2 
during October 198 1 was the plane from 09.00 to 21.00. 
In Fig. 10, the polar thermospheric structure is shown 
for the local time plane 08.40-20.40 L.T. The format is 
the same as that displayed in Fig. 4, and this simulation 
corresponds to the situation with the IMF BY positive, 
that is with the A2 convection model applied to the 
southern polar region (and B2 to the North). In Fig. 11, 
the same format is used to display the simulation using 
the B2 convection model in the Southern Hemisphere 
(i.e. I M F BY is negative), again for the 08.40-20.40 L.T. 

In Fig. 12, the same format is used to display the 
Northern Hemisphere structure for the 06.00-l 8.00 

local time plane (cf. Fig. 6) for the simulation 
corresponding to a positive Y component of the IMF, 
i.e. with the B2 convection field. In Fig. 13, the 
corresponding situation when the IMF BY is negative 
(i.e. the A2 field applied to the Northern Hemisphere) is 
shown. 

5.2.2. The geomagnetic “quiet” simulations. Using the 
global “CHTU” model instead of the merged CHIU/ 
PIONS model, a corresponding set of simu- 
lations to those shown in Figs. 10, 11, 12 and 13 have 
been prepared and are shown in Figs. 14 (LE), 15 
(LG), 16(JA) and 17 (JS)respectively. These simulations 
correspond to relatively quiet geomagnetic conditions. 
However, the reduction in “geomagnetic input” reflects 
an absence of magnetospheric energetic plasma 
precipitation at high latitudes, thus reducing iono- 
spheric plasma densities, ion drag, Joule heating and 
with no direct deposition of particle energy. The same 
convection fields (A2, B2), with a cross-cap potential of 
about 80 kV, are used as in the moderately disturbed 
simulations. The global mean thermospheric tempera- 
ture of the JA and JS simulations are about 200 K lower 
than those of the KB and KC simulations (moderately 
disturbed). 

A more realistic way of decreasing the geomagnetic 
input might be to allow the polar convection pattern to 
contract poleward, and to decrease simultaneously 
both the total cross-polar cap electric potential and the 
magnetospheric energetic particle precipitation. 
Simulations have been completed with such a 
poleward-contracted polar convection model. 
However, these simulations show features of the polar 
thermospheric circulation, driven by ion convection in 
the aurora1 oval, to be located further poleward than 
shown in the statistical DE-2 wind analyses presented 
here and in Hays et (11. (1984). These additional 
simulations will not be discussed further in this paper. 

5.2.3. Simulations representing moderately disturbed 
geomagnetic conditions, with aurora1 oljal as well us cusp 
and polar cup precipitation sources. One simulation for 
the southern October period and a second for the 
northern winter solstice period have been completed, 
where an auroral’electron source described by Spiro el 
aL(1982)for 100 < AE < 300hasbeenaddedtothesoft 
cusp and polar cap electron sources. These simulations 
areshownin Figs. 18(LF)and 19 (JQ)respectively, with 
the same representations used previously. The 
characteristics of these simulations are that the 
sunward wind speeds within ihe aurora1 oval 
considerably increased, as would be expected from the 
increase of ion drag acceleration due to the increased 
thermal plasma densities. There is also an increase of 
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about 100 Kin the polar and global mean temperatures 
above those of the KD and KC simulations. 

6. DISCUSSION 

The major objective of this study is to investigate the 
overall morphology of energy and momentum inputs 
to the thermosphere due to geomagnetic sources 
corresponding to average conditions present during 
the two epochs covered by the samples of DE-2 data. Of 
pa.rticular importance is the comparison between 
observed and modelled imprints of major geomagnetic 
forcing processes on the structure or dynamics of the 
upper thermosphere. At upper thermospheric levels, 
density and composition reflect both the integrated 
height profiles of solar and geomagnetic heating 
throughout the thermosphere and the balance between 
various energy sources and sinks in different regions. 
This is due to the effect on thermospheric composition 
of systematic upwelling and downwelling when there is 
a connecting horizontal wind. In contrast, the observed 
wind structures indicate the driving forces at the level of 
the wind observations. The combination of wind, 
temperature and composition data thus allow a critical 
evaluation of the descriptions of geomagnetic energy 
and momentum inputs at all thermospheric levels 
which are used in the theoretical model. 

Wind and temperature structures of the Sozllhern 
(summer) Hemisphere 

The measured wind data (Fig. 1) are similar to those 
of the simulation with stronger evening amoral 
oval/weaker morning aurora1 ova? winds generated by 
the B2 convection model (Fig. 11). The average 
magnitudes of the polar cap winds and those of the 
evening aurora1 oval compare better with the 
“moderately disturbed” IKE simulation (Fig. 11) than 
the less disturbed LG simulation (Fig. 15). The winds 
generated in the aurora1 oval by the most disturbed LF 
model (i.e. with aurora1 electron enhancement, Fig. 18) 
are stronger than the mean observed winds. However, 
they agree quite well with the instantaneous peak winds 
(Rees et al., 1983) observed by DE-2 as the satellite 
crosses the aurora1 oval. The peak winds observed in 
individual orbits are somewhat averaged and reduced 
in the statistical analysis presented here, due to the 
latitudinal migration of the aurora1 oval with varying 
geomagnetic activity within the large number of 
individual orbits contributing to the data base. 

If the observed and modelled wind structures in the 
dawn auroral oval between 00.00 and 06.00 U.T. are 
compared (Fig. 1 and Figs. 30 and 1 I), it can be seen that 
there is a weak sunward wind response of the neutrals 
which is a characteristic response to the B2 convection 

field. Even with the ion convection of the B2 model, 
there is relatively strong ion drag forcing and the lack of 
response has been interpreted as due to the advection of 
eastward momentum out of the aurora1 oval (Fuiler- 
Rowe11 et al., 1984; Fuller-Rowell, 1984). This intrinsic 
property of the thermospheric response to a driven 
anti-clockwise vortex is linked with upward convection 
and horizontal divergence of the thermospheric wind 
system. In turn, the upward convection and horizontal 
divergence enhances molecular nitrogen density, which 
is a feature of the dawn aurora1 oval in the simulations 
and in the observations. 

Between 06.QQ and 12.00 U.T.? thesatellitecrosses the 
polar cap region previously scanned in the period 
00.00-06.00 U.T. (see Fig. 3). The wind structures are 
thus similar. From 18.00 to 24.00 U.T. and from 13.00 to 
18.00 U.T., the satellite again scans similar geomagnetic 
regions, this time the dusk aurora1 oval and midnight 
region of the polar cap. There are corresponding 
switches of wind direction about 14.06 U.T. and about 
22.00 U.T. as the geomagnetic region beneath the 
satellite orbit changes from the polar cap to the dusk 
aurora1 oval, which can be identified in the data and in 
the KE (B2 field) model simulation (Fig. 11). 

The hot region of the dayside polar cusp is better 
simulated wilh the KE model (B2 convection field, Fig. 
11). The cusp region is located over the geographic pole 
at about 12.00 U.T. and, in the model, has a 
combination of cusp particle heating and a relatively 
high level ofsolar e.u.v. input due to the(relatively) high 
solar elevation at this time. The mean polar 
tempera&e of the MD and KE models are of the order 
of 1 O@-200 K lower than the mean DE-2 observations, a 
diiEerence we believe can be attributed to the value of F 
f 0.7 cm flux (150) used in the models. 

Wind anal temperature structure ofthe Northern (winter) 
Hemisphere 

The “CEIIu” simulations (Figs. 16, 17) show winter 
polar temperatures which are 200-300K below the 
values observed by DE-2 in December 1981. When a 
cross-polar cap potential of 80 kV is applied, 
simultaneously enhancing the ion0spheri.c plasma 
densities and including the energy directly deposited by 
soft magnetospheric electron precipitation within the 
polar cusp and polar cap (as discussed by Rees et al., 
1980a and by Smith el al., 1982) (haodels KC and KB, 
Figs. 12,13), average winter polar temperatures rise to 
values about 100 K lower than the average peak values 
observed by DE-2. This difference is most likely 
attributable to the value of F 10.7 cm flux (150) used in 
the model. When further enhancements of the aurora1 
oval precipitation are included, the polar and average 
global temperatures rise close to the mean values 
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observed by DE-2 (Figs. 2 and 19). In this case, however, 
the agreement is probably resulting from an 
overestimate of the geomagnetic input, coupled with an 
underestimate of the solar input. 

One of the greatest observational constraints is the 
observed temperature contrast (Fig. 2) of200 K or more 
between the “cold” region found at 70 geographic 
latitude at 12.00 U.T., and the two hotter regions, one at 
mid-latitude regions (at 18.00 LT.), and the second in 
the polar cap. Without the enhanced geomagnetic 
energy sources, i.e. using the CWIU ionosphere (Figs. 
16, 17), the contrast is only about SOK. In the 
simulation which includes the effects of soft electron 
precipitation within the polar cap and cusp, in addition 
to the momentum sources, a contrast of IOOK is 
obtained for the A2 convection field (with BY negative) 
(Fig. 13), and this contrast is increased to 200 K with the 
B2 field (IMF BV positive), as shown in Fig. 12. 

Using this latter configuration, considerably better 
agreement is obtained between the observed winds and 
the model winds, and the temperature structures in this 
simulation also follow the observations rather better. 
That is, the maximum anti-sunward wind velocities and 
the highest temperatures occur on the dawn side of the 
polar cap. It appears therefore, that the entire 
temperature and wind data sets, representing the 
average ofthe data from about 80 orbits ofDE-2, during 
a 4-week period in December 1981, favour the energy 
and momentum inputs that have been associated in the 
simulations witb the B2 convection field, a situation 
associated with a positive Y component of the IMF. 
Neither the complementary field configuration (A2) or 
the symmetric field configurations used in the model 
simulations discussed by Rees et al. (1983); and by Hays 
et al. (4984) fit the observations as well. The strong 
temperature contrast (2OOK) between the polar cap 
and themid-latitudes in the 18.00 LT. plane, and which 
is strongest at 12.00 U.T., is only produced in the KC 
and J&t simulations, using the B2 convection field (BY 
positive). The high-speed sunward winds of the dusk 
aurora1 oval, contrasting with the weak sunward winds 
of the dawn aurora1 oval, reflect the relative ease with 
which ion drag can generate a clockwise vortex in this 
region. This has been discussed in detail by Rees et al. 
(1983) and by Fuller-Rowe11 et ul. (1984), and the 
reduction of ion-neutral differential velocity con- 
tributes to the temperature contrast by reducing 
frictional heating in the vicinity of the dusk aurora1 
oval, despite the bigh ion velocities. 

Composition and density structure im the Southern 
(summer) Hemisphere 

The simulation which uses the B2 convection field 
model (BY negative) predicts the region of enhance- 

ment of molecular weight in the morning aurora1 oval 
slightly better than does that using the A2 field. The 
distinction is not particularly significant, however, 
except perhaps for the polar cusp region sampled near 
90 geographic latitude about 12.00 U.T., where beating 
by soft cusp electrons is important. 

Let us consider the changes in mean molecular 

weight between the models using the “CHHU” 
ionosphere, and those using the “CHIU/PIONS” 
ionosphere. The geomagnetic energy input required to 
support the mean composition reflected in the DE-2 
sample for A, > 20 (Fig. 5) is significantly larger than 
that required by the “quiet” sample(Fig. 4). Comparing 
the composition changes in Figs. 4 and 5 with those 
shown in Figs. 14,lS and 10, I 1 respectively, the global 
geomagnetic input required (Table 3) is approx. 
1.1 * lO(21) W for the A, < 20 sample, and approx. 
1.4 * 10( 11) W for the A, > 20 sample. The simulation 
(for the B2 field-Fig. 18) with aurora1 as well as cusp 
and polar cap precipitation somewhat overestimates 
the temperature and the amount of molecular nitrogen 
at 320 km compared with that observed by DE-2 
corresponding to the A, > 20 sample. 

Composition and density structure in the Northern 
(winter) Hemisphere 

The contrast between the compositional structures 
predicted for the two senses ofthe BY component ofthe 

IMP is very pronounced for the Morthern (winter) 
Hemisphere (comparc Figs. 12 and 13). The geomag- 
netic polar region near winter solstice has very Me 
solar insolation. The geomagnetic input is thus the 
major direct energy source. The effect of the contrast 
between the geomagnetic energy sources in different 
regions should thus appear more clearly than in the 
study of the summer southern hemisphere. fn the 
simulation generated with the B2 convection model 
there is a signitica.nt increase in temperature and tnean 
molecular weight (due to an enhancement of molecu1a.r 
nitrogen density) in the dawn side of the polar cap. For 
the A2 convection field, the temperature and nitrogen 
density enhancement shifts to the dusk side ofthe polar 
cap. The DE-2 data shows very clearly that it is the 
dawn side of the polar cap which shows the average 
enhancement of mean molecular weight during the 
period of the data sample in December 1981. This 
conclusion is precisely that reached in evaluating the 
wind and temperature structures. 

Compurison qf the absolute number densities between 
data and the models 

There are three particular difficulties involved in 
making comparisons of absolute number densities 
between the NACS ,data for October and December 
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1981 and the model results. Firstly, the data are not 
selected for specific solar and geomagnetic activity 
levels, but encompass a wide range ofeach. The range of 
density values predicted for the polar regions when 
g~omagnet~~~nput alone is allowed to vary(3 : I in [Cl], 
and 4: 1 in tN21) gives some indication of the absolute 
number range to be found within the empirical data. 

The second problem is associated with the lower 
boundary conditions of the theoretical model. It is 
certainiy true that within about 60 km of the lower 
boundary (i.e. by 140 km), the wind and temperature 
structures of the model are insensitive to conditions at 
the lower boundary. The same condition does not, 
however, apply to total density. A systematic difference 
ofZO% in total density at 80 km, well within the possible 
error range, would cause a comparable change in total 
density at all higher levels in the model, 

The third difficulty is highlighted by intercomparing 
the IQ and LF (rather disturbed) density values with 
those of the KC and KD models. The additional 
heating in the polar regions is mainly at relatively 10~ 
thermospheric levels, due to the inclusion of kilovolt 
aurora1 electrons. This additional low-~tit~de (1 IO- 
200 km) heating forces large increases of oxygen density 
(* 3), and an order of magnitude increase of [N2] in the 
summer polar region. In other words, density is 
particularly sensitive to the altitude distribution of 
heating, It isnoiess sensitive to the altitude distribution 
of solar heating than to aurora1 heating. 

In view ofthesethre~ ~~~~lties, a detailed discussion 
of the absolute number densities of the individual 
constituents and total density will be deferred to a later 
papor(Hedin and Rees, in preparation, 1985), where the 
‘ISIS 83 empirical model will be used as the basis of 
comparison between theoretical model and data, for 
solar and geomagnetic ~ondit~ol~s which can be 
specified independently. 

Sensitivity of the wind, temperature and compositiotz 
structures to the polar convection models 

Initiaily, it was not expected that this study of a large 
sample ofdata, acquired over a period of several weeks, 
would show a systematic bias favouring one or other of 
the asymmetric convection field models. For example, 
the Southern Hemisphere study (October 1981) 
demonstrates only a marginally better agreement with 
the simulations generated by the B2 model (IMF BY 
negative), and the preference could not be ciaimed to be 
s~~~i~~ant in comparison with many other un- 
certainties involved in modefling the geomagnetic 
input to the thermosphere. For example the location 
and magnitude of the soft cusp electron source in the 
made1 is not defined by observation. 

The Northern Hemisphere data for late November 

and December 198 1 show a very significant bias toward 
those simulations generated for conditions when the 
IMF BY was positive. ThelMF data from I&%-3 have 
been examined for this entire period and the IMF data 
do show a systematic trend, during this period, in 
favour of a positive Y component of the IMF. For 
periods when ISEE- data was available, and when 
its interpretation was straightforward, there were 
more than twice as many days for which BY 
was predominantly positive, as for which it was predomi- 
nantly negative. Integ~t~ng the number of hours for 
which the BY eomponent could be identified clearly, 
the ratio was almost exactly two to one in favour of BY 
positive. 

This study has not been taken to the level of a full 
statistical survey of ISEE- and DE-2 data, for the 
following reasons : 

The PSEE-3 data have significant breaks in 
coverage, and the orbital motions of bSEE-3 about 
the forward libration point also introduce 
considerable difficulty in interpreting the eirect on 
the Earth’s magnetosphere at times of rapid 
changes In periods of rapid change and rapid 
oscillation of the Y component, which are quite 
frequent, the effect on magnetospheric convection 
is unpredictable. 
The DE-2 databases for wind and temperature,and 
for composition, are quite distinctcrt, being from 
separate instrume~its. untangling the common 
subsets of data where all data were available for 
individual orbits, and where ISEE- data could be 
interpreted without ambiguity, represented a task 
far beyond the resources available for this study. 

The causes of the major changes in structure and 
dynamics caused by the A2 and BZ convection models 
are complex, and it is important to distinguish between 
those due to the convection and which are nearly 
independent of the polar precipitation, and those which 
may be dependent on the magnitude and location of 
energetic electron sources. The strong antisunward 
wind jet on the dawn side of the polar cap generated by 
the I%2 model (BY positive, N hemisphere) is driven by 
the ion convection. Plasma density enhancements will 
only modulate the magnitude of the generated winds. 
Indeed, without any source of polar precipitation, 
plasma densities will be relatively enhanced in this 
region due to rapid convection from the sunlit dayside 
and polar cusp (Qu~gan et nl., 1982). The converse is 
true for the A2 convection model, when ion and neutral 
jets may be found on the dusk side of the polar cap. 

The evidence of the polar winds, temperature and 
composition in the Northern Hemisphere study 
therefore directly supports the conclusion that there 
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was a prevailing positive Y component of the IR/IF 
throughout the late November and December period in 
1981. 

A first-order analysis of the composition and 
temperature data would describe the observed maxima 
of temperature and molecular nitrogen density on the 
dawn side of the polar cap as “plumes” carried from the 
cusp region, where the enhancements are generated by 
“soft” electrons, by the anti-sunward winds which are 
augmented by geomagnetic forcing. However, strong 
upwelling and horizontal divergence is also caused in 
this region by a combination offrictional heating due to 
the strong antisunward ion flow in this part of the polar 
cap and the anti-clockwise vortex forced by the con- 
vection cell involving the dawn aurora1 oval. The 
combination of all of these processes means that the 
temperature and nitrogen density enhancement in 
the dawn polar cap is more sensitive to the location 
and magnitude ofmagnetospheric electron sources (i.e. 
the cusp) than is the strong anti-sunwdrd wind jet. The 
compositional data should thus be considered to be 
strongly supporting the primary evidence of the polar 
wind data in favouring the systematic positive sense of 
the Y component of the IMF during December 1981. 
The compositional and temperature data also strongly 
support the general assumptions which have been used 
in generating these models and the consequent 
simulations of thermospheric behaviour. 

The major geomagnetic processes affecting the polar 
regions cause extreme and sudden changes in 
thermospheric structure, and are difficult to deduce a 
posteriori, let alone predict a priori. The features of 
polar thermospheric structure and dynamics which are 
explained well in this study of “average” data may also 
be examined with simulations targeted to specific 
geomagnetic disturbances. Rees et al. (1985a,b) have 
shown that an acceptable agreement between 
observation and simulation can be achieved with a 
reasonable covariance of convection and precipitation 
in simulating data during isolated geomagnetic 
disturbances. The nature and magnitude of the 
geomagnetic disturbances themselves will be harder to 
predict or analyse in the absence of routine TMF data 
since ISEE- has been re-targetted for its cometary 
encounter. Major progress in thermospheric modelhng 
now requires an improved empirical description of the 
relationships between convection and precipitation, 
in&ding the soft electron sources which have such 
important effects in the upper thermosphere. The inter- 
dependence of convection and precipitation, and the 
co-dependence of both on the IMF and solar wind are 
another area of critical importance. 

The temperature and composition enhancement 
observed in the southern dawn aurora1 oval in October 

1981 was considerably larger than that associated with 
the southern dusk aurora1 oval. Examination of the 
global simulations indicates that a major contribution 
toward this apparently important effect is that, for the 
particular geometrical situation of DE-2 orbit plane in 
October 1981(09.00 to 21 .OO L.T.), the solar elevation at 
the times of crossings of tbe dawn oval is considerably 
greater than at the dusk oval crossings (later in the U.T. 
day). Had the local time plane of the orbit been different 
(i.e. Q3.Q&l5.00 LT.), adifferentconclusion might have 
been reached, since for this latter local time plane, the 
solar illumination at the time and place ofdusk aurora1 
oval crossings exceeds that of the corresponding dawn 
aurora1 oval crossings. Further samples of the polar 
thermospheric regions, at different Local Times and 
seasons are now available from DE-2, which may shed 
light on this, and a number of additional topics of 
considerable importance. 
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