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Abstract—Ground-based Fabry-Perot interferometers (FPIs) have been used extensively to determine
thermodynamical and hydrodynamical properties of the upper atmosphere by measuring emission line
profiles from the O('D) nightglow at high spectral resolution. The resulting thermospheric winds and
temperatures are normally referred to the altitude of the peak of the O('D) emission layer, near 250 km,
and the effects of wind shear and temperature gradations along the line of sight are neglected. In order to
quantify the significance of these effects, and to obtain a better understanding of the “effective” (volume-
emission-rate-weighted) altitude of the FPI measurement, a computer simulation of the measurement
technigue has been performed, incorporating realistic profiles of winds, temperatures and O('D) volume
emission rates along the instrumental line-of-sight. The atmospheric profiles used for the simulations are
derived from a recently-developed thermospheric computer subroutine based on the predictions of the
NCAR thermospheric general circulation model. The simulation code is used to calculate synthetic FPI
spectrograms for different viewing geometries and FPI station locations, and the spectrograms are analyzed
using standard data reduction techniques to derive fitted winds and temperatures. These are then compared
with the atmospheric profiles used as input to the simulation code to determine the effective altitude of
each simulated measurement and to study the differences between recovered winds and temperatures and
the corresponding exospheric values. A first investigation using the simulation code for geophysical
conditions corresponding to December solstice at solar maximum has indicated that FPI-derived Doppler
temperatures may be lower than exospheric temperatures by ~ 10% in the winter hemisphere and ~15%
in the summer hemisphere. Furthermore, FPI measurements of neutral winds, particularly at high latitudes,
can differ appreciably from exospheric values due to the weighting of the FPI measurement to altitudes

near ~ 250 km,
1. INTRODUCTION

The thermosphere is that region of the Earth’s upper
atmosphere above ~ 90 km in which the neutral gas
temperature increases with altitude to an asymptotic
maximum {exospheric) value. Jacchia (1965) and
many subsequent authors have described the basic
variation of thermospheric temperature with altitude
and for different geophysical conditions. In general,
the exospheric temperature is reached at altitudes of
~ 200 km during solar minimum and ~ 400 km during
solar maximum, with typical values of ~900 and
~ 1600 K, respectively. In addition to the longer-term
changes associated with the solar cycle, variations on
time scales ranging from hours (e.g. for gravity wave
phenomena) to many days (e.g. the 27-day solar
rotation period) occur and these correlate with geo-
magnetic and solar flux indices. Exospheric tem-
perature also varies with location on the globe, with

regions of enhanced temperatures occurring at high
latitudes where energy sources of magnetospheric ori-
gin affect the thermal and dynamical balance of the
thermosphere (e.g. Banks, 1977; Killeen and Roble,
1986).

The basic global wind structure in the thermosphere
is created by pressure gradients that drive the neutral
winds from ~ 14:00 h local solar time (L.S.T)) to
~04:00 h L.S.T. At high latitudes, this day-to-night
wind is perturbed by frictional and particle heating
and is substantially modified by momentum transfer
from ions, which typically move in a twin-cell ion
convection pattern {e.g. Heppner, 1977; Volland,
1978 ; Heclis et al., 1982). These ion convection cells
map onto the neutral atmosphere to a greater or lesser
degree, depending on the time constants for momen-
tum transfer from the convecting ions to the neutral
constituents, and give rise to the large-scale neutral
thermospheric vortices observed at high latitudes (e.g.
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Robleet al., 1982, 1983, 1984 ; Rees et al., 1983, 1986 ;
Killeen et al., 1984a, b; Killeen and Roble, 1984,
1986 ; McCormac et al., 1987 ; Thayer et al., 1987).

The direct measurement of thermospheric neutral
temperatures and wind velocities, from the Earth’s
surface, involves determination of the Doppler shift
and Doppler width of naturally-occurring atmo-
spheric emission lines. The Fabry-Perot interfero-
meter (FPI) has been the instrument of choice for this
purpose for many years and much has been learned
about the hydrodynamical and thermodynamical
properties of the thermosphere using the FPI to per-
form spectral analyses of 630 nm emission line profiles
from thermospheric O('D), a metastable species that
is well thermalized at these altitudes (see reviews by
Hernandez and Roble, 1979; Hernandez, 1980;
Meriwether, 1983; Hernandez and Killeen, 1987;
Killeen, 1987).

Ground-based FPI spectral-line measurements
using the O('D) emission contain information on the
thermospheric wind and temperature profiles along
the instrument line-of-sight at all altitudes where the
emission occurs. The effects of wind shear and tem-
perature gradations within the instrumental field-of-
view are typically neglected on the assumption that the
observations are so heavily weighted to the emission
peak, at a nominal height of 250 km, that the FPI
wind and temperature measurements can be assigned
uniquely to that altitude. The validity of this assump-
tion for thermospheric temperatures has been tested
experimentally by several authors, with somewhat
conflicting conclusions. Hernandez e al. (1975) com-
pared ground-based FPI measurements of the night-
time, solar maximum, thermospheric temperature at
equatorial latitudes with simultaneous incoherent
scatter (IS) radar measurements of electron tem-
peratures at 400 km altitude. They showed that the
FPI measurements from a calculated mean height of
270 km were ~30 K lower than the corresponding
IS electron temperature measurements, which were
assumed to be equal to neutral exospheric tempera-
tures. The difference of ~3.3% between the reported
ground-based FPI temperatures and the IS-derived
exospheric temperatures was taken to be indicative of
the fact that, at solar maximum, the temperature near
the peak of the O('D) emission is lower than the
exospheric temperature. Hays ez al. (1970) measured
the thermospheric temperature near solar maximum
at Ann Arbor, Michigan, with a FPI viewing in a
direction towards the Millstone Hill, Massachusetts
IS radar site. They showed results from a single night
of observations that indicated that the average FPI
Doppler temperature was ~45 K greater than the
similarly-averaged IS F-region ion temperature, which

F. G. McCorMAC et al.

was assumed to be equivalent to the neutral exo-
spheric temperature for the mid-latitude site. Although
the regions of the thermosphere sampled by the two
techniques were separated by ~ 725 km, Hays et al.
felt able to conclude that ground-based FPI Doppler
temperatures were equivalent to exospheric values.
Roble et al. (1968) compared the monthly-averaged
FPI Doppler temperature with IS-radar-derived exo-
spheric temperatures for solar minimum conditions
and stated that the FPI-derived thermospheric tem-
perature was less than the exospheric value by 25-50
K. Because of the difference in the vertical tem-
perature profile of the thermosphere between solar
minimum and solar maximum, discussed below, one
would expect the Doppler temperatures to deviate
more from exospheric values during solar maximum
than during solar minimum. This expectation is not
supported uniformly by the published results quoted
above.

The peak altitude of the O('D) emission layer can
vary by tens of kilometers (Hays e al., 1978) and
the interpretation of FPI observations is, therefore,
subject to the ambiguity that arises because observed
temperature changes may occur due to the rise and
fall of the emission layer as well as due to local heating
effects. Sica et al. (1986) have carefully addressed this
issue for situations where aurora were present along
the line-of-sight of an FPI at Fairbanks, Alaska. They
found that ground-based measurements of Doppler
temperatures from a single site were insufficient to
infer the height of the emission and, therefore, the
altitude to which the measured temperatures should
be referred. Sica er al. also presented temperature
measurements in the aurora that were significantly
lower than the expected exospheric values and
ascribed this to the fact that the auroral O('D) emis-
sion extends to lower altitudes than the O('D) night-
glow emission.

As mentioned above, the exospheric temperature
may not be attained until ~400 km for solar
maximum conditions and, therefore, relatively large
altitude gradients might be expected to occur for both
thermospheric wind and temperature at altitudes near
the O('D) nightglow emission peak at ~250 km. This
means that small changes in the altitude of the emis-
sion peak result in relatively large changes in the reco-
vered FPI winds and temperatures which may, as a
consequence, be erroneously interpreted by the
ground-based observers as representing real hydro-
dynamic or thermodynamic variations (cf. Sica et al.,
1986). For solar minimum conditions, on the other
hand, the atmosphere is thought to be nearly iso-
thermal above 200 km, and the altitude gradients in
wind and temperature near the peak of the O('D)
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emission are very small. Therefore, the recovered FPI
winds and temperatures at solar minimum should be
very nearly equivalent to exospheric values.

As a first step towards an improved understanding
of the relationship between FPI measurements of
winds and temperatures and their corresponding exo-
spheric values and because of the degree of confusion
present in the literature regarding the effective altitude
of FPI temperature measurements, we have con-
structed a computer simulation model of the measure-
ment process for solar maximum conditions. The
simulation code calculates synthetic FPI spectograms
using appropriate viewing geometries and realistic
altitude-dependent modelled atmospheric structure
(winds, temperatures and volume emission rates)
along the instrument line-of-sight. The model atmo-
sphere used as input to the simulation code contains
altitude profiles of winds, temperatures, and volume
emission rates and is obtained from the vector spheri-
cal harmonic (VSH) model of Killeen et al. (1987)
which, in turn, is based on the predictions of the
National Center for Atmospheric Research (NCAR)
thermospheric general circulation model (TGCM) of
Dickinson et al. (1981) and Roble et al. (1982). For
the work reported here, simulated FPI spectrograms
have been analyzed using a standard data reduction
technique to provide a set of recovered (fitted) winds
and temperatures for various geographic locations.
The fitted winds and temperatures have been com-
pared with the input wind and temperature profiles to
investigate quantitatively the relationship between the
“measured’” values and the corresponding exospheric
model inputs and to determine the*effective altitude™
of each simulated measurement. These comparisons
have indicated that FPI-recovered temperatures are
~10% less than the input exospheric temperatures in
the winter hemisphere and ~ 15% less in the summer
hemisphere for solar maximum conditions and, fur-
thermore, that FPI measurements of neutral winds
can differ appreciably (by 100s of meters per second)
from the corresponding exospheric values, par-
ticularly at high latitudes, due to the weighting of
the observations to altitudes near 250 km (here, and
throughout this paper, the term “‘exospheric wind”
refers to the neutral wind at ~400 km and above).
These latter findings are discussed in the light of exper-
imental measurements of the exospheric wind using
averaged data from the Dynamics Explorer-2 (DE-2)
spacecraft and correspondingly-averaged line-of-sight
thermospheric wind information from the ground-
based FPI at Spitsbergen, Norway, for the month of
December 1981 (near solar maximum). The exper-
imental results from the two techniques show sig-
nificant differences for measurements referring to
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closely-spaced spatial regions. These differences are
consistent with and support the results of the simul-
ation study when the differing effective altitudes for
the two measurement techniques are taken into
account.

The simulation code used to calculate and analyze
the synthetic FPI spectrograms is described in Section
2. Section 3 presents the results of our initial study into
the FPI measurement process for December solstice,
solar maximum conditions, and Section 4 provides a
summary of our most important findings.

2. FPI MEASUREMENT SIMULATION CODE

The computer program that we have developed to
simulate and analyze synthetic FPI spectrograms for
various viewing geometries and FPI station locations
consists of the following elements: (1) a model atmo-
sphere containing winds, temperatures and O('D) vol-
ume emission rates as a function of altitude, latitude,
longitude and Universal Time (U.T.); (2) a numerical
representation of an instrument function describing
the response of a real FPI to a given spectral signal ;
(3) a section that approximates the line integral nature
of the FPI measurement through the atmosphere by
a summation of individual spectrograms, each cor-
responding to the signal detected from one of a finite
set of atmospheric volume elements along the instru-
ment line-of-sight characterized by the appropriate
wind, temperature and volume emission rate; (4) a
section that uses a standard data reduction technique
to analyze the resulting composite spectrogram. We
discuss each of these elements of the code in turn.

The first element of the simulation code is an atmo-
spheric model containing profiles of winds and tem-
peratures based on output from the NCAR-TGCM
for a solar-maximum, December solstice model run.
The model run used was a “diurnally-reproducible”
case for a moderate and steady level of geomagnetic
activity and incorporating steady magnetospheric
forcing of the thermosphere, scaled by a 60 kV cross-
polar-cap convection electric field. The NCAR-
TGCM is a three-dimensional, time-dependent model
of the thermosphere that has been discussed in detail
by Dickinson ez al. (1981) and Roble er al. (1982,
1983, 1984). The particular TGCM model run used
has been the subject of several recent studies (Hays et
al., 1984 ; Killeen et al., 1986, 1987) that compared
the model predictions with experimental results from
the Dynamics Explorer-2 (DE-2) spacecraft. These
comparisons have shown that the model winds and
temperatures at exospheric altitudes (~ 300400 km)
are in good general agreement with the observations.
The level of agreement at these altitudes, where global-
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scale experimental verification is possible, has given
confidence in the capability of the TGCM to model
the global thermospheric wind system adequately at
other altitudes and, therefore, we use the TGCM cal-
culations at all altitudes to provide the wind and tem-
perature profiles used for the FPI measurement simu-
lations. For convenience, the Vector Spherical
Harmonic (VSH) representation of the NCAR-
TGCM output, described by Killeen et al. (1987), has
been used to provide the wind and temperature fields
as a function of U.T., altitude, latitude and longitude
using a fast Fortran subroutine. The VSH rep-
resentation of the TGGM describes the global, three-
dimensional, time-dependent vector neutral wind field
using a vector spherical harmonic expansion in the
horizontal, a Fourier expansion in U.T. and a poly-
nomial expansion in altitude. The temperature field is
represented by a scalar spherical harmonic expansion
in the horizontal, a Fourier expansion in U.T., and a
Bates model profile in altitude. Figure 1 shows the
global wind fields produced by the VSH model at
altitudes of 130, 280 and 400 km. The differences
between these three vector plots illustrate the altitude
dependence of the modelled wind field, which is
especially marked at high latitudes.

The atmospheric model used as input to the simul-
ation code also contains a realistic volume emission
rate (VER) profile for the O('D) nightglow emission
layer. We have used a single profile that was obtained
by inverting limb-scan surface brightnesses measured
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by the FPI on DE-2 (see Fig. 2). This profile acts as a
weighting function, determining the contribution that
cach altitude interval makes to a final wind and tem-
perature measurement. The VER profile was obtained
by the DE-2 FPI during a period of low magnetic
activity (K, ~2) near sunspot maximum and has a
peak emission altitude of ~250 km. We have also
used the simulation code with other VER profiles (e.g.
from Gulledge et al., 1968) and have obtained very
similar results to those presented here.

The second element of the simulation code involves
the numerical representation of an instrument func-
tion. We have not used an idealized instrument func-
tion for this work, but have preferred to use a more
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realistic one that incorporates the instrumental defects
and sensitivity of a real instrument. The instrument
function we have chosen is that of the FPI on DE-2
which is described in terms of fourier coefficients
(Hays et al., 1981). The response of the FPI to detected
radiation originating from an individoal ther-
mospheric volume element along the instrumental
line-of-sight can be calculated by convolving the
numerical instrument function, ¥ (1), with a Gaussian
source function, S(4,u, 7,%), representative of the
local wind, u, temperature, 7, and surface brightness,
n; here 4 is the wavelength and 5 is given by the
product of the local volume emission rate and the
path length through the emitting volume along the
line-of-sight. Thus, the response of the FPI to the
photons detected from a single volume element along
the line-of-sight at an altitude z may be expressed as:

N(z) = CSC, u(z), TE), n(2)*¢(7) (1

where N(z) is the received signal, C is a constant term
describing the sensitivity of the detector, and the sym-
bol * represents the convolution integral.

The third element of the simulation code provides
an approximation to the FPI measurement along a
given, defined line-of-sight by summing the elemental
spectrograms [given by equation (1)] from a finite set
of emitting volumes. In this section of the code, the
line integral FPI measurement given by :

Nline»mfvsight = C j‘s(k’ u, Ta Y]) * q‘[()“) dl (2)
is approximated by the summation:

1V1ine~of~sight =C Z‘ S(},, u(!r‘)s T(‘g:)’ 17(!1)) * la{l(}“} 5[1 (3}
where [ is the path length along the line-of-sight and
the summation is carried out for » concentric atmo-
spheric layers separated by a given altitude increment.
For the results reported here, the altitude increment
used was 10 km and »n was set at 25, with the lowest
layer centered on an altitude of 150 km. The path
length, 8/, through each volume element is a function
of the zenith angle of the FP1 field of view, which was
set at 45° for these simulations.

The fourth element of the simulation code uses a
standard FPI data analysis routine (Killeen and Hays,
1984). This routine deconvolves the instrument func-
tion from the simulated composite spectrogram, Ny,..
of-sight> t0 Obtain an effective source function, S, char-
acterized by “measured” winds, temperatures, and
volume emission rates which reflect the Doppler
characteristics of the emission-layer-weighted com-
posite spectrogram. The resulting fitted winds and
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temperatures are compared with the inputs to the
simulation to determine the relationship between the
fits and the input exospheric values and to determine
the effective altitude of the simulated FPI measure-
ment. In essence, this procedure allows us to test the
validity of the standard {(but rarely mentioned)
assumption that S,y is equivalent to S(zn,,), where
Zmax 18 the peak altitude of the emission layer.

In order to investigate the response of a ground-
based FPI instrument sited at any geographic
location, we have run the simulation code, described
above, for every 5 degrees in latitude and longitude
on a global grid. Since the atmospheric model containg
global TGCM calculations of wind and temperature
profiles, the results illustrate basic differences between
the FPI measurement process at auroral and mid-
latitudes, as well as for summer and winter hemi-
spheres. Limitations to the realism of the simulations
are related to the extent to which the NCAR-TGCM
provides realistic global profiles of winds and tem-
peratures and the extent to which the input VER
profile represents the real O('D) emission profile. The
results of the simulations are displayed as global maps
of the fitted winds and temperatures as well as the
differences between these values and (1) the cor-
responding input exospheric values and (2) input
model values at 250 km.

3. RESULTS

Figures 3a and 3b show contour plots of the VSH
model exospheric temperatures and the simulated
FPI-derived temperatures, respectively, calculated on
a 5° global grid at 06:00 U.T. for solar maximum
December solstice conditions. The exospheric tem-
peratures, Fig. 3a, show the summer hemisphere to be
warmer than the winter and the dayside regions to
be warmer than the nightside. The same general
comments are applicable to the temperature field as
calculated by the FPI simulation code, Fig. 3b. How-
ever, the simulated ground-based FPI temperatures
are significantly lower than the VSH model exospheric
values. Figures 3c and 3d display this temperature
difference as the percentage that the measured tem-
perature is of the input exospheric value and the input
model value at 250 km, respectively. Differences are
largest (i.e. low percentages) in the summer hemi-
sphere and decrease towards the Northern Hemi-
sphere. In the summer hemisphere, where the vertical
temperature gradient predicted by the model is rela-
tively large at the emission peak altitude, the simul-
ation returns temperatures 15-20% less than the cor-
responding exospheric temperatures. In the winter
hemisphere, where the vertical temperature gradient
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is relatively small, the simulated values are between 8
and 12% lower than the exospheric temperatures.
Since the percentage differences between exospheric
and measured temperatures are least in non-sunlit
local time sectors and these are the regions in which
ground-based FPIs are operational, the model cal-
culations predict that the difference between a ground-
based thermospheric temperature measurement and
the actual exospheric temperature should be ~8-10%
for solar maximum conditions. The global percentage
differences between the model temperatures and the
ground-based simulated values at an altitude of 250
km are shown in Fig. 3d. The derived and model
values differ by only 1-4%., indicating that ground-
based FPIs, to a good approximation, measure the
temperature at the peak emission altitude in the winter
hemisphere. In the summer hemisphere, however,
percentage differences between model and simulated
temperatures can be as large as ~12% in night-time
sectors.
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Figures 4 and 5 show the exospheric wind (i.e. the
wind given by the VSH model at ~ 400 km), the simu-
lated FPI-derived wind, and the VSH model winds at
250 km altitude minus the simulated ground-based
winds. These wind fields are displayed in polar coor-
dinates (geographic latitude and local solar time) for
Northern and Southern Hemispheres, respectively.
The simulated FPI winds are very similar to the model
wind field at a height of 250 km, as is indicated by the
vector difference plots (Figs 4d and 5d). However,
they do not represent the exospheric wind field well.
Where the difference vectors are small, the agreement
is good. The regions where agreement is the poorest
are the high latitudes, i.e. in and around the polar cap
and in the auroral zones, where relatively large vertical
and horizontal wind shears exist. Even in these
regions, however, the differences between simulated
ground-based FPI measurements and model values at
250 km are so small as to be of little consequence.
Thus, these simulations indicate that ground-based
observations at high-latitudes, during solar maximum
conditions, should represent the wind field at the peak
of the emission layer to within ~2%.

A direct comparison between averaged neutral
wind measurements from space and from the ground
can be made by referring to the measurements from
DE-2 and the ground-based FPI at Svalbard, Norway
(78.2°N, 15.6°E) for the month of December 1981,
published by Killeen ez al. (1986). The DE-2 vector
wind measurements were obtained from the DE-FPI
and the Wind and Temperature Spectrometer, WATS,
instruments and have been averaged for all passes
occurring within the U.T. ranges 20:00-22:00 h (Fig.
6a) and 22:00-24:00 h (Fig. 6b).The satellite measure-
ments of neutral wind have been discussed by Killeen
et al. (1982) and refer to altitudes of 350-400 km,
i.e. close to exospheric altitudes. The ground-based
averaged wind measurements from the FPT at Sval-
bard (Smith et al., 1985) are also shown in Fig. 6 for
the same U.T. bins. These latter measurements, as we
have shown, should be referred to an altitude of ~250
km and, therefore, the two techniques sample different
thermospheric altitude regions. Since the averaged
measurements do not refer to exactly the same geo-
graphic location, however, we cannot be sure that the
differences in wind speed between the two techniques
are not due to their different locations in the velocity
field rather than because of the different effective alti-
tudes of the respective measurements. As a con-
sistency check we obtained the VSH model predictions
for the vertical profiles of wind speed at the ground-
station location for the U.T.s of 21:00 and 23:00 h
and at the positions of the satellite upwind from the
ground station at these same U.T.s. Thesc profiles are
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FiG. 4. (a) POLAR PLOT (GEOGRAPHIC LATITUDE AND LOCAL SOLAR TIME) FOR THE NORTHERN HEMISPHERE,

40-90° LATITUDE, OF THE NEUTRAL WIND AT AN ALTITUDE OF 400 km AS GIVEN BY THE VSH MobDEgL. The

plot applies to December solstice solar maximum conditions with a crosstail potential of 60 kV at 06:00 h

U.T. (b) POLAR PLOT OF SIMULATED GROUND-BASED MEASUREMENTS OF THE THERMOSPHERIC WIND FIELD. (C)

PorLAR PLOT OF THE VSH WiIND FIELD AT 250 km ALTITUDE. (d) POLAR PLOT OF THE VECTOR DIFFERENCE
FIELD OF THE VSH MODEL AT 250 km AND GROUND-BASED SIMULATED MEASUREMENTS.

shown in Figs 7a and 7b for the 21:00 h and 23:00 h
U.T. averages, respectively. The model predicts that
the “exospheric” wind is greater overhead at the
ground station than at the satellite location at 21
U.T. However, the averaged measurements show the
satellite to have recorded wind speeds in excess of the
ground-based measured winds at this time. The model
predicts that, at the satellite’s altitude, the wind speed

should be 340 m s~ ' whereas the averaged measured
wind is 390 m s™". Since the ground-based averaged
wind speed measurement is 180 m s~', and this rep-
resents 42% of the expected, normalized value, based
on the model predictions, we can use this figure on
the model vertical profile of winds to find the height
at which ~42% of the exospheric wind speed occurs.
This procedure yields an altitude of ~190 km. A
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F1G. 5. (a) POLAR PLOT (GEOGRAPHIC LATITUDE AND LOCAL SOLAR TIME) FOR THE SOUTHERN HEMISPHERE,

40-90° LATITUDE, OF THE NEUTRAL WIND AT AN ALTITUDE OF 400 km AS GIVEN BY THE VSH MobDEL. The

plot applies to December solstice solar maximum conditions with a crosstail potential of 60 kV at 06:00 h

U. T. (b) POLAR PLOT OF SIMULATED GROUND-BASED MEASUREMENTS OF THE THERMOSPHERIC WIND FIELD.

(c) PoLAR PLOT OF THE VSH WIND FIELD AT 250 KM ALTITUDE. {d) POLAR PLOT OF THE VECTOR DIFFERENCE
FIELD OF THE VSH MODEL AT 250 kin AND GROUND-BASED SIMULATED MEASUREMENTS.

similar exercise was performed on the data at 23:00
U.T., where the model predicts a greater wind speed
at the satellite location than at the ground-based FPI
location, and returned an altitude of ~235 km for the
ground-based wind measurement. The two altitudes
for the ground-based measurements derived in this
way, using the VSH model profiles as a guide, are
reasonably consistent with the expected effective alti-
tudes, suggesting that the major differences between
satellite and ground-based observations (i.c. the signi-

ficantly lesser wind speeds determined from the
ground relative to those determined from DE-2) are
due to the different altitudes sampled rather than the
differing geographic locations. The two sets of
measurements are, therefore, in good agreement with
and support the results of the simulation study pre-
sented here, by indicating that the ground-based
observations provide wind speeds that are signi-
ficantly smaller in magnitude than those obtained
from the spacecraft.
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FIG. 6. (a) POLAR PLOT (GEOGRAPHIC LATITUDE AND LOCAL SOLAR TIME) OF THE AVERAGED VECTOR NEUTRAL

WINDS AS OBSERVED BY THE FPI AND WATS INSTRUMENTS ON DE-2 AND THE GROUND-BASED FPI AT

LONGYEARBYEN, SVALBARD (78.2°N, 15.6°E) DURING THE MONTH OF DECEMBER 1981 FOR THE U.T. RANGE

20:00-22:00 h (KILLEEN et al., 1986). (b) POLAR PLOT OF THE AVERAGED VECTOR NEUTRAL WINDS AS OBSERVED
BY DE-2 AND THE SVALBARD FPI DURING DECEMBER 1981 FOR THE U.T. RANGE 22:00-24:00 h.

4. CONCLUSIONS

We have developed and used a computer simulation
model of the measurement process for a ground-based
FPI to study how variations of wind and temperature
along the instrument line-of-sight affect the Doppler
shift and width of the observed O('D) emission linc.
The major conclusions from the study are applicable
to December solstice, solar maximum conditions and
arc as follows.

(1) Ground-based-derived tempcratures in the
night-time scctor of the winter hemisphere, give valucs
that are representative of the peak O('D) cmission
altitude. However, when the vertical temperature
gradients are large, such as in the summer hemisphere
during solar maximum, the ground-based FPI tem-
perature measurement may differ by as much as
~12% from the temperature at the peak emission
height.

(2) Simulations of the FPI measurement of night-
time thermospheric temperatures show that ground-
based-derived temperatures may be lower by ~10%
than the corresponding exospheric temperatures in
the winter hemisphere and by ~ 15% in the summer
hemisphere.

(3) Ground-based wind measurements are heavily
weighted to the peak emission height of the O('D).
However, the large wind gradients that exist in the
thermosphere near solar maximum result in sub-
stantial differences (100s of meters per second)
between the “‘exospheric” wind speed and that mea-
sured by a ground-based FPI. This is indicated by the
simulation calculations and is consistent with pre-
viously-reported coordinated measurements made by
the DE-2 spacecraft and the ground-based FPI at
Svalbard, Norway.
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