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Abstract. EISCAT radar experiments over a full solar
cycle between January 1984 and March 1995 have been
used to construct meridional neutral wind patterns in the
ionospheric F region. For locally geomagnetically quiet
periods the neutral winds have been binned according to
season, solar activity, and universal time. The diurnal
and seasonal behaviors and the e�ect of the solar ¯ux are
described. An empirical model of the meridional neutral
wind for the high latitudes at eight altitudes in the
ionospheric F region over a full solar cycle is presented.
Results are compared with other recent empirical models.
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1 Introduction

The meridional component of the neutral wind deduced
from incoherent-scatter radar (ISR) measurements has
been studied for more than 20 years (Vasseur, 1969;
Salah and Holt, 1974). F-region wind measurements
above EISCAT have already been calculated for short
periods by several authors (Winser et al., 1988; Tithe-
ridge, 1991; Lilensten et al., 1992; Lilensten and
Lathuillere, 1995). At mid-latitude several studies have
also been performed. For example, Oliver et al. (1990)
described winds over Japan at 250 km height. Duboin
and Lafeuille (1992) analyzed measurements of a 15-
year period over Saint-Santin (France) to investigate the
in¯uence of solar ¯uxes, magnetic activity, and season at
an altitude of 300 km. Hagan (1993) built a neutral-wind
climatology over Millstone Hill (USA) by using data
from a 7-year period, again at an altitude of 300 km.

Direct measurements of the neutral wind are also
made by optical facilities, but such studies are limited to
nighttime, and the height is assumed to be a ®xed height
corresponding to the emission peak (approximately 250
km for oxygen red-line measurements).

At high latitudes Fauliot et al. (1993) published a
model for wind during high solar activity periods which
included the vertical wind behavior. Recently, Aruliah
et al. (1996) studied the wind over a full solar cycle, and
showed it to have an equinoctial asymmetry not
predicted by any numerical simulations. Hedin et al.
(1991) published a model for thermospheric wind based
on data from satellites and ground-based observations.
This model (HWM) is mostly constructed from low- and
mid-latitude data and is therefore not dependable for
high-latitude studies.

The aim of this paper is to propose a model of
meridional neutral thermospheric wind deduced from
ISR at high latitude (70N, 19E). We have used exper-
imental data from an 11-year period and have rejected
locally geomagnetic disturbed periods. The interest of
this study is to classify the wind behavior as a function
of two solar activity levels, four seasons, for a whole
day, at eight altitudes between 185 and 354 km.

First the EISCAT data set used in this study is
presented. Then the method and the assumptions made
to calculate the wind from ISR measurements are
reviewed. The criteria used to reject disturbed periods
are explained. After rejecting an Ap discrimination, eight
classes of wind dependent on the solar ¯ux and the season
are de®ned. Following this, wind patterns are built and
described. We present a model including harmonic
components with periods of 24, 12, and 8 h. Compari-
sons are ®nally made with other available models.

2 Wind computation

2.1 The data set

Sixty-®ve ISR experiments representing 119 days be-
tween January 1984 and March 1995 have beenCorrespondence to: O. Witasse

Ann. Geophysicae 16, 1400±1409 (1998) Ó EGS ± Springer-Verlag 1998

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Crossref

https://core.ac.uk/display/208383375?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


analyzed. During most of these experiments the radar
was operating in a ®xed mode with the Tromsù antenna
looking along the direction of the magnetic ®eld (CP1-
like mode). In a few experiments the radar was
operating a four-position scan (CP2 mode). In these
cases we have selected the data corresponding to the
®eld-aligned position. The integration time was 1 or 5
min. Data include measurements given by the single-
pulse that correspond to eight di�erent altitudes spaced
either by 22 or 26 km which are between 180 and 364 km
height. The dates used are listed in Table 1. Because
there is a full solar cycle of data, we can study the
in¯uence of solar activity on the meridional wind.

Figure 1 shows the distributions of planetary index
Ap and solar ¯ux f10.7 for the collected data. Ap ranges
between 2 and 62 with a median value equal to 11. The
solar ¯uxes range between 69 and 273 with a median
value of 120.

2.2 The method

The method used to deduce the meridional component
of the neutral wind is described in Lilensten and
Lathuillere (1995). The meridional wind (positive north-
ward) is given by:

Umerid � 1

cos I
�ÿVik � Vdiff sin I ÿ Vz sin I�; �1�

where I is the dip angle, Vik the ion velocity along the
magnetic ®eld line (positive upward), Vdi� is the
ambipolar di�usion velocity, and Vz the vertical wind
(positive upward).

I is given by the IGRF model (IAGA working group,
1996) and Vik is directly measured by the radar. Vdi� is
taken from Lilensten and Lathuillere (1995). It depends
on the gradients of the electron density and the ion and
electron temperatures measured by the radar. Through
the ambipolar di�usion coe�cient, it also depends on
the ion-neutral collision frequency. This O + /O colli-
sion frequency is given in Schunk and Nagy (1978). It
has not been multiplied by the Burnside factor (Salah,

1993) in accordance with the conclusions of Lathuillere
et al. (1997). These authors compared wind pro®les
above Tromsù deduced from EISCAT data and from
WINDII interferometer measurements. They found a
better agreement between both pro®les when this factor
was not included in the formulation of the collision
frequency.

The neutral densities are given by the MSIS90 model
(Hedin, 1991), for which the exospheric temperature is
set to the measured ion temperature at 278 km height
(Banks and Kockarts, 1973).

The vertical wind behavior as a function of season,
solar ¯ux, and all times is not well known. Its mean
value stays very small (i.e., Fauliot et al., 1993), which
allows most of the studies to set it to zero. However, in
periods of large electric ®eld, it can reach values of
several hundred m á s)1 in F region (Rees et al., 1984).
We have therefore chosen to keep only the local quiet
periods by using the following criteria:

1. When the knowledge of the electric ®eld E is available
(three antennas of Tromsù, Sodankyla, and Kiruna
operating simultaneously), E < 20 mV á m)1.

2. When E is unknown, we rejected data if the ion
temperature at 278 km height was larger than the
exospheric temperature given by the MSIS model plus
200 K, as an indicator of Joule heating.

The total amount of rejected data is around 25%.
Figure 2 shows the 25 000 data points used at a given
altitude (here the closest to 250 km) plotted as a function
of UT. The mean wind clearly appears equatorward.

2.3 Determination of the eight classes of wind

Previous studies split the meridional winds according to
two geophysical parameters Ap and f10.7, (e.g., Duboin
and Lafeuille, 1992; Aruliah et al., 1996), where f10.7
represents the solar activity and Ap represents the
geomagnetic activity. Figure 3 shows mean winds at
257 km height for high solar ¯uxes and two geomagnetic
activities (Ap < 11 and Ap > 11). There is no signi®cant

Table 1. Dates of experiments
over a full solar cycle 1984 1985 1986 1987 1988 1989

31 Jan±1 Feb 16±17 Apr 10±11 Sep 24±25 Feb 16±20 Mar 10±11 Jan
14±15 Feb 14±15 May 10±11 Dec 24±25 Mar 5±7 Apr 4±5 Feb
6±7 Jun 21±22 May 12±13 May 3±4 May 28±29 Mar
12±13 Jul 25±26 Jun 16±17 Jun 26±27 Jul 2±3 May
26±27 Nov 6±7 Aug 28±29 Jul 30±31 Aug 1±3 Aug
12±13 Dec 22±23 Sep 1 Sep 5±6 Sep

10±12 Nov 6±7 Sep 14±16 Nov
17±19 Nov 20±21 Sep

1990 1991 1992 1993 1994 1995

30±31 Jan 9±10 Jan 30±31 Mar 16±17 Feb 1±2 Mar 24 Mar
12±16 Feb 20±21 Feb 1±3 Apr 20±21 Apr 15±16 Mar
5±6 Jun 5 Aug 20 Jul 12±13 Apr
25±27 Sep 27±28 Oct 8±9 Jun
10±11 Oct
20±21 Dec
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di�erence between both levels. Mean winds respectively
reach the values of )60 � 6 and )64 � 8 m á s)1.
Morning reversal times are very similar: 9 � 1 and 8 �
1 UT, respectively. Midnight winds are for both cases
equal to )157 m á s)1. This behavior has been checked
for low solar activity level. Therefore we no longer
consider Ap as a pertinent criterion. This is in keeping
with our choice to reject data corresponding with local
magnetic active periods.

We now consider the two following parameters:
season and solar ¯ux. The sample is divided into two
solar activity levels, active and quiet with the median
value f10.7 � 120. The seasons have been de®ned in the
following way: winter corresponds to the period cen-
tered around December solstice �45 days, spring to
March equinox �45 days, summer to June solstice �45
days and autumn to September equinox �45 days.

Eight classes of winds are then de®ned (Table 2)
containing at least six di�erent days. The choice of these
classes often di�ers between several studies. For exam-
ple, Duboin and Lafeuille (1992) consider two solar
activity levels with a separate value of f10.7 � 100.
Hagan (1993) chose solar maximum periods associated
with f10.7 > 180 and solar minimum with f10.7 < 90. Her
seasons only contain 2 months.

3 Results

3.1 Daily variations at 257 km height

For each class of wind previously mentioned, a mean
wind is calculated by storing and averaging data in 24
intervals of 1 h. Points beyond two standard deviations
r from the mean are discarded. No weight has been
a�ected at each data point because such a weight is
usually de®ned as the inverse of the measurement
uncertainty squared. This uncertainty is not only a
stochastic noise; it is relative to the geophysical signal-
to-noise ratio. Therefore a weighted mean automatically
gives a greater importance to speci®c geophysical
conditions, like high solar activity periods.

We now describe the mean wind around 257 km
height (256 or 259 km depending on the year of the
experiment). This altitude is chosen because it approx-
imately corresponds to the altitude of the maximum
emission intensity of the O(1D) oxygen line from which
neutral winds are measured in the F region with optical
experiments. Figure 4 shows these wind patterns. The
main wind characteristics seen in previous studies (e.g.,
Titheridge, 1991; Lilensten and Lathuillere, 1995) are
found: winds are poleward during the daytime (50±80
m á s)1) and more strongly equatorward during the
nighttime (150±200 m á s)1). The standard deviation r
(see Table 9 in the next subsection) ranges between 34
and 66 m á s)1 and allows us to give the mean wind with
an accuracy ( r���

N
p ) ranging between 2 and 12 m á s)1.

Fig. 2. Quiet-time wind data base around 250 km
height
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Fig. 1. Distribution of Ap and f10.7
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The winds averaged over 24 h are given in Table 3;
they are always negative. The mean wind can reach
78 m á s)1 in summer. It is always larger during low
solar activity periods. The largest di�erence occurs in
summer: )34 to )78 m á s)1.

Table 4 shows the nighttime maximum equatorward
values for the eight classes. For all seasons except

summer, this value decreases with solar activity. The
strongest variation occurs in spring ()78 m á s)1),
the smallest in autumn ()18 m á s)1). In summer the
maximum wind is larger for low solar activity periods.
Both equinoxes di�er here. The spring winds are larger
than the autumn ones, especially during solar active
periods. This is in agreement with the results of Aruliah
et al. (1996). These maximum values are always reached
before 0 UT. Furthermore, they are reached 1 to 3 h
earlier in periods of low solar activity level.

Another interesting feature is the time when the wind
direction changes. These times, in LT, in the morning
and in the afternoon, are reported in Table 5. At
Tromsù, LT � UT + 1.3. In the afternoon there are
no large di�erences between the classes. The velocity is
equal to zero between 16 and 18 LT. In the morning the
inversion time strongly depends on the solar activity: it
decreases when the solar ¯ux increases. We will show in
Sect. 3.2 that this appears to be related to the semidi-
urnal component. The strongest change in inversion
time with the solar activity occurs in summer.

Simple and general considerations of physics could
explain these behaviors. The thermospheric wind is
driven by pressure gradients generated by the solar
radiations (mostly in the equatorial regions during the
daytime) and auroral heating. For this reason, it is
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Fig. 3. Comparison between mean wind at 257 km height during high
solar activity for two levels of magnetic activity: Ap < 11 in solid line
and Ap > 11 in dash-dotted line
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Fig. 4. Mean wind patterns (points with errorbars) and the harmonic
®t (solid line) at 257 km height. Di�erent classes are represented as in
Table 2. The ®rst line of boxes corresponds to high solar ¯uxes, the

second to low solar ¯uxes. From left to right one can see winter,
spring, summer, and autumn

Table 2. Number of days a�ected at each class

winter spring summer autumn

f10.7 > 120 11 18 8 16
f10.7 < 120 14 27 19 6
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equatorward by night and poleward by day. With the
decrease in solar activity it is reasonable to think that
the wind will be less poleward as a result of smaller
pressure gradients. This is in agreement with the results
of Table 3. This also explains the dependence of the
inversion time with the solar activity. E�ectively, time-
intervals when the wind is poleward are larger in the f10.7
> 120 cases, particularly in summer (Table 5). On the
other hand a decrease in solar activity also means a
statiscal decrease in auroral heating (Lilensten et al.,
1996) that can explain the correlation between the
nighttime maximum equatorward wind values and the
solar activity (Table 4), except in summer.

3.2 The model

A harmonic decomposition has been performed using
the unbinned raw data. We used a subroutine for
nonlinear least-squares ®tting based on the Gauss-
Newton method. Unlike other studies (e.g., Buonsanto,
1991; Hagan, 1993), we do not ®t the coe�cients of this
decomposition on the mean daily variation. In fact,
using the sample or the hourly binned winds does not
give the same results because least-squares ®tting is not a
linear operation. However, we have checked that both
methods give close results. For the summer and f10.7 >
120 case, the mean winds are the same, diurnal and
semidiurnal amplitudes di�er by 2%, and terdiurnal
amplitudes by 19%. For the same reason as explained in
the previous subsection, we a�ected at each point the
same uncertainty, here 10 m á s)1.

The wind velocity is described by the following
equation, including diurnal, semidiurnal and terdiurnal
components:

w�t� �hwi � A24 sin�x24�t ÿ /24�� � A12 sin�x12�t ÿ /12��
� A8 sin�x8�t ÿ /8��;

�2�
where xn � 2p

n .
Figure 4 shows the mean wind and the harmonic ®t

at 257 km height. In general, the agreement between the
model and the data is excellent.

Results for all altitudes are listed in Tables 6 to 13.
They include the standard deviation r. Its typical value
increases with the altitude; for altitudes between 185 and
257 km this value is equal to 45 m á s)1, to 50 at 282 km,
to 55 at 306 km, to 60 at 330 km and to 75 m á s)1 at
354 km.

Figures 5 and 6 show the height amplitude and phase
variation pro®les. The general trend of the mean wind is
an increase in the amplitude with the altitude up to 306
km height: typically from )25 at 185 km height to
)65 m á s)1 at 306 km height. It reaches a constant value
above this altitude. As seen in the previous subsection
the mean wind is always larger in the f10.7 < 120 cases.
The diurnal component shows an ampli®ed behavior
compared with the mean wind: for low solar ¯uxes it
increases with the altitude up to 306 km (165 m á s)1 in
spring for example) and then decreases (134 m á s)1 at
354 km height in spring). This feature has already been
seen in a neutral-wind mid-latitude TIGCM simulation
(Hedin et al., 1994). For high solar ¯uxes this maximum
is not reached at our maximum altitudes of measure-
ment. The semi- and terdiurnal components are much
smaller than the diurnal one and less variable: from 30
to 40 m á s)1 and 10 to 15 m á s)1, respectively.

Table 3. Mean winds at 257 km height in m á s)1

winter spring summer autumn

f10.7 > 120 )25 � 3 )54 � 4 )34 � 4 )41 � 4
f10.7 < 120 )47 � 7 )60 � 6 )78 � 6 )54 � 8

Table 4. Nighttime maximum equatorward values in m á s)1

winter spring summer autumn

f10.7 > 120 )196 � 5 )267 � 7 )137 � 5 )194 � 5
f10.7 < 120 )172 � 7 )189 � 8 )196 � 7 )176 � 11

Table 5. Inversion time (in LT) in the morning and in the
afternoon

winter spring summer autumn

f10.7 > 120 5.0±17.3 6.3±18.3 5.8±16.3 6.8±18.3
f10.7 < 120 9.3±16.3 9.0±17.3 11.3±16.3 8.8±16.3

Table 6. Harmonic decomposition at 185 km height. Amplitudes,
mean wind, and the standard deviation are in m á s)1, phases in
hours (likewise for Tables 7±13)

f10.7 season hwi A24 /24 A12 /12 A8 /8 r

>120 winter 7 75 4.70 31 4.05 27 4.04 32
spring )25 78 4.08 47 1.56 16 1.93 70
summer )21 50 2.30 29 )0.53 7 4.48 40
autumn )19 79 4.36 25 1.24 6 0.63 44

<120 winter )12 62 5.66 2 )2.86 4 2.20 36
spring )31 68 5.01 15 )0.66 0 0 46
summer )52 49 4.28 37 0.84 8 0.74 50
autumn )40 66 4.55 20 )1.52 11 )2.26 32

Table 7. Harmonic decomposition at 209 km height

f10.7 season hwi A24 /24 A12 /12 A8 /8 r

>120 winter )5 77 4.85 41 3.09 34 3.25 36
spring )33 102 4.53 52 1.43 16 1.66 71
summer )25 68 3.74 24 0.02 9 3.10 38
autumn )24 97 4.84 30 1.54 7 1.75 45

<120 winter )24 82 5.16 9 )1.97 7 1.89 34
spring )36 89 5.38 11 )0.58 1 )5.27 46
summer )57 69 4.86 33 0.23 9 0.46 48
autumn )40 82 5.09 20 )2.88 9 )2.14 35
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The semidiurnal components show solar activity
variation: it increases with the solar activity and appears
very weak in the f10.7 < 120 cases, except in winter. At
257 km height A12 ranges between 25 and 51 m á s)1 at
solar maximum and between 7 and 23 m á s)1 at solar
minimum. The terdiurnal component does not appear
signi®cant.

The three phases (Fig. 6) are generally constant with
altitude. Two groups appear: on the one hand the
diurnal phase around 5±6 h and on the other hand the
semi- and the terdiurnal phases which are close to each
other. The most interesting feature is that generally the
semidiurnal phase is positive during high solar activity
periods and negative during low solar activity periods,
except in spring and the f10.7 < 120 case above 282 km
height. This can explain the dependence of the reversal
time on the solar ¯ux. The terdiurnal phase behavior is
not really signi®cant because of the weakness of the
amplitude of this component.

4 Discussion

Fauliot et al. (1993) (FTH) presented a model of the F-
region horizontal wind at high latitude from the
MICADO interferometer measurements during three
winter campaigns from 1988 to 1991. This model gives
meridional wind in winter for three magnetic activities
and high solar ¯uxes at a typical height of 250 km
for typical times between 14 and 5 UT. Comparisons
on Fig. 7 are then made between the FTH model
(here corresponding to the medium magnetic activity)
and our winter and high solar ¯ux data. Relatively
good agreement has been found for time-intervals
between 16 and 5 UT, especially the morning and
afternoon reversal times. Some discrepancies appear
between 14 and 16 UT where the FTH model
overestimates the wind velocity. At midnight the
FTH model underestimates the wind velocity by
around 40 m á s)1.

Table 8. Harmonic decomposition at 233 km height

f10.7 season hwi A24 /24 A12 /12 A8 /8 r

>120 winter )16 94 4.96 49 2.94 29 2.88 34
spring )41 112 4.76 51 1.46 17 1.59 69
summer )28 82 4.23 24 0.58 10 2.66 38
autumn )33 111 4.90 33 1.23 8 1.58 44

<120 winter )34 97 4.94 8 )1.46 10 1.77 33
spring )46 106 5.61 8 )1.35 4 )2.86 47
summer )65 83 5.12 25 )0.24 6 )0.20 48
autumn )44 93 4.93 26 )2.76 13 )1.66 35

Table 11. Harmonic decomposition at 306 km height

f10.7 season hwi A24 /24 A12 /12 A8 /8 r

>120 winter )48 118 5.18 52 2.44 19 2.49 35
spring )82 147 5.27 60 1.40 13 1.09 67
summer )52 96 4.65 29 0.74 12 1.73 48
autumn )60 137 5.25 42 1.28 13 0.80 51

<120 winter )58 146 5.50 11 )2.02 29 1.07 53
spring )77 168 6.23 15 2.54 7 )0.48 70
summer )85 120 5.69 22 )0.29 6 )2.49 63
autumn )62 130 5.44 9 )4.49 19 )1.47 62

Table 9. Harmonic decomposition at 257 km height

f10.7 season hwi A24 /24 A12 /12 A8 /8 r

>120 winter )25 102 5.06 51 2.72 23 2.69 34
spring )54 123 4.89 50 1.41 14 1.42 66
summer )34 88 4.41 25 0.64 10 2.24 40
autumn )41 118 4.97 34 1.17 10 1.15 42

<120 winter )48 111 5.08 10 )1.45 14 1.50 38
spring )60 126 5.73 7 )1.40 6 )2.82 54
summer )78 99 5.33 23 )0.43 4 )0.62 49
autumn )55 113 4.97 22 )2.90 13 )1.58 40

Table 12. Harmonic decomposition at 330 km height

f10.7 season hwi A24 /24 A12 /12 A8 /8 r

>120 winter )55 128 5.25 51 2.25 17 2.55 37
spring )90 157 5.47 66 1.46 15 0.97 70
summer )57 100 4.73 28 0.87 10 1.51 50
autumn )66 146 5.36 46 1.17 15 0.78 60

<120 winter )49 139 5.21 18 )1.29 20 0.74 54
spring )75 160 6.50 20 2.82 15 )0.31 80
summer )77 101 5.16 22 )0.64 5 )2.50 66
autumn )78 100 6.03 19 )3.60 20 )1.39 86

Table 10. Harmonic decomposition at 282 km height

f10.7 season hwi A24 /24 A12 /12 A8 /8 r

>120 winter )37 10.7 5.10 51 2.56 21 2.59 35
spring )68 133 5.08 53 1.38 12 1.24 65
summer )43 93 4.52 27 0.72 12 1.98 44
autumn )51 126 5.09 35 1.22 9 0.99 44

<120 winter )60 127 5.30 11 )1.58 20 1.33 45
spring )72 149 5.95 4 0.72 5 )2.54 61
summer )89 115 5.57 22 )0.34 5 )2.15 54
autumn )61 129 5.12 16 )3.73 14 )1.73 47

Table 13. Harmonic decomposition at 354 km height

f10.7 season hwi A24 /24 A12 /12 A8 /8 r

>120 winter )57 136 5.21 49 1.93 14 2.48 39
spring )92 160 5.52 70 1.33 15 0.79 74
summer )56 102 4.75 27 0.78 9 1.47 48
autumn )69 149 5.42 51 0.97 13 0.72 68

<120 winter )55 99 4.01 24 )0.74 8 )2.75 81
spring )73 134 6.40 15 1.46 21 )0.20 115
summer )73 76 3.41 36 )1.53 14 )2.27 72
autumn )119 53 5.01 65 )3.09 26 )1.96 95
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Hedin et al. (1991) (HWM) published an empirical
model of thermospheric winds using data from satellite
and ground-based measurements. Here comparisons are
made between both models at 250 km height, and for the
same geophysical conditions (see Fig. 7). Very good
agreement has been found around midnight, except in

the summer and high solar ¯ux case, and the autumn
and low solar ¯ux case, where the di�erence can reach
around 50 m á s)1. For solar maximum periods, a
relatively good agreement has been found between 15
and 5 UT, except in summer in the morning and in
winter between 16 an 22 UT. During the daytime HWM
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generally overestimates the poleward wind (around 30
m á s)1 in summer at 8 UT). For solar minimum periods,
larger discrepancies appear: the HWM model overesti-
mates the wind before and ISUT and underestimates it
(around 60 m á s)1 in winter at 12 UT).

We also compared both models for our lower altitude
(see Fig. 8). For high solar activity periods a better
agreement has been found during the daytime in fall.

Large di�erences appear in winter and summer. The
nighttime wind is correctly represented except in sum-
mer. For low solar activity periods, the agreement
between both models is generally better than at 250 km
height, even if some discrepancies appear, especially in
summer during the daytime. The di�erences could be
explained because the weakness of the HWM model is a
lack of data from high-latitude facilities.
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Fig. 7. Comparisons between the present work around 250 km height (the mean wind is represented by crosses), the HWMmodel (dashed line) for
the same geophysical conditions and the FTH model (solid line) in winter and during high solar activity period
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It is also worthwhile to compare our results with the
recent study of the high-latitude thermospheric neutral
wind deduced from a Fabry-Perot interferometer (FPI)
over a full solar cycle (Aruliah et al., 1996). The authors
showed that the March equinox nighttime winds are
larger than the September equinox winds during high
and low solar activities. This asymmetry is greater for
high solar ¯ux. We have found the same trend regarding
the wind around midnight, even if our wind values are
larger. Aruliah et al. have found that midnight winds
can reach around )180 m á s)1 for high solar activity in
March, )100 m á s)1 in December and in September.
For the same conditions, we have found maxima of
)223, )196, and )183 m á s)1. Both studies give the
same results regarding the afternoon reversal time:
between 15 and 17 UT for us and 17 UT for Aruliah
et al. A good agreement is found as well for the morning
reversal time during high solar ¯ux periods: between 4
and 6 UT. In contrast these authors did not ®nd any
dependence of this time with the solar ¯ux, but the main
disagreement between both studies is the amplitude of
the equatorward nighttime winds, which can be almost a
factor two larger in our study. The weaknesses of FPI
measurements have been extensively discussed in Ar-
uliah et al. (1996), and we have already outline in Sect. 2
the small uncertainties of our method. We just note here
again that our midnight winds are in very good
agreement with the HWM90 model at 250 and 185 km
altitude, and that the wind gradient is quite large in this
altitude region.

5 Conclusion

The meridional thermospheric neutral wind above
Tromsù has been calculated from EISCAT data cover-
ing a full solar cycle. The wind is derived using the
method described in Lilensten and Lathuillere (1995).
From this data base we developed a high-latitude model
that depends on UT, four seasons, two solar activity
levels, and eight altitudes. Locally disturbed periods are
not taken into account. The wind is represented by one
mean and three harmonic components with periods of
24, 12, and 8 h.

The main characteristics in wind patterns, northward
by day and southward by night, have been noted in
previous studies. The mean winds are generally equa-
torward. Both equinoxes di�er, especially the nighttime
maximum equatorward value. The summer season
drastically di�ers from the other ones, especially the
mean wind and the nighttime maximum equatorward
value. The mean wind and the semidiurnal amplitude
show an f10.7 dependence. The most interesting wind
feature is the behavior of the reversal time in the
morning with the solar activity.

Comparisons with the FTH model give relatively
good agreement, as does the Horizontal Wind Model
around 250 km. The agreement is even better at the
lowest altitude of 185 km. Including our data base in the
HWM model may improve its performance. Compari-
sons with Aruliah's work showed similarities concerning

the trends during both equinoxes but large discrepancies
in midnight winds.

The meridional wind behavior as a function of
altitude has been analyzed. Interesting features ap-
peared, especially the shape of the diurnal component.
Phases appear relatively constant with the height.
Further investigations are needed to understand these
behaviors.

This work is to be included in the international e�ort
to model thermospheric winds at all latitudes. It would
be interesting to compare it with results from the new
ESR radar located at higher latitude and also from
theoretical works, like the thermosphere ionosphere
global circulation model (TIGCM) (Roble et al.,1988),
or the coupled thermosphere ionosphere model (CTIM)
(Fuller-Rowell et al.,1987).
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