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Changes resulting from the cyclical nature of the sun’s energy output result to variations in
thermosphere-ionosphere system parameters. The prolonged low solar activity period of solar cycle 23
provides an opportunity to study the thermosphere-ionosphere system parameters when the sun was at
its ground state. The CHAMP satellite has provided wind data that can be used for investigation of
neutral thermospheric parameters such as zonal winds and density. Using zonal wind data from 2006 to
2008 generated from CHAMP accelerometer readings using an iterative algorithm, the diurnal variation
of averaged zonal thermospheric winds in the high latitudes (70 - 80°N) has been investigated. In the
analysis we grouped the data into four seasons; the March and September equinoxes, and the June and
December solstices. The wind data is binned into local time bins and averaged to find the hourly mean
speeds. The results reveal maximum eastward and westward wind speeds going above 150 m/s for
each of the seasons considered. Of particular interest is the observation that despite the expected
complex behavior resulting from the expected magnetospheric inputs, the diurnal patterns are similar
to those obtained in the mid-latitudes in an earlier study with data from this algorithm. Due to likely
errors arising from the longitudinal effects of mixing composite solar times, there is need for
simultaneous measurements in the high latitudes.
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INTRODUCTION

The thermosphere is the first layer of the earth’s
atmosphere that receives the sun’s ultraviolet (UV) and
extreme ultraviolet (EUV) radiations. These radiations
ionize the neutral molecules that make up the
thermosphere forming an embedded ionized region; the
ionosphere. The thermosphere is coupled to the
ionosphere by the interactions between the ionized and
neutral species. A thorough understanding of

thermospheric variability is important in establishing the
state of the earth’s upper atmosphere. Thermospheric
perturbations can arise from external forcing sources to
which the thermosphere is coupled. The earth’s
thermosphere-ionosphere system is coupled from above
by interactions with incoming solar radiations and
magnetospheric electric fields, and coupled to layers
below by tides, gravity and planetary waves as shown in
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Figure 1. Thermosphere-lonospheric interactions.

Figure 1.

Thermospheric dynamics varies with solar cycle, solar
flux, geomagnetic activity and change in seasons. The
high latitude of the earth’s thermosphere is the site of
interesting phenomena. Charged particles coming from
the sun are funneled into the earth’s upper atmosphere
by the earth’s geomagnetic field. Thermodynamic and
electrodynamic processes influence thermospheric wind
behavior in high latitudes as there exists strong coupling
between neutral particles and the plasma of the
ionosphere in the auroral regions of the earth’s
atmosphere (LUhr and Marker, 2013). Effects of solar
disturbances are first observed in the high latitudes
before onward propagation through mid to equatorial
latitudes. The wind field and strength of earth’s high
latitude is significantly modified by geomagnetic activity
(Smith et al., 1988). It is the neutral wind parameter that
has not received the much needed attention in regard to
the many issues pertaining to the forecasting of
ionospheric weather (Meriwether, 2006).

Information on thermospheric composition and
prevailing winds has been obtained using data from
Fabry-Perot Inteferometers, Incoherent scatter radars
and satellites (e.g. Emery et al.,, 1999; Thayer et al.,
1987; Killeen et al., 1988; Aruliah et al., 1996; Fejer et al.,
2000; Emmert et al., 2002; Liu et al., 2006; Hausler et al.,
2007; Sutton et al., 2005; Sivla and McCreadie, 2014).

The interferometer technique has its limitation arising
from uncertainty in emission height, restriction to dark
hours, clear sky and reduced moon phases (Luhr et al.,
2007). During periods of disturbed conditions the physical
assumptions used by the radar technique break down
(Liu et al., 2006). Insufficient data has hampered the
investigation of these parameters in the earth’s upper
thermosphere. Satellite observations of thermospheric
winds have previously been carried out using data from
the Dynamic explorer 2 satellites (e.g. Thayer et al.,
1987). The investigations by Thayer al. (1987) were not
detailed due to sparse sampling from the short-lived DE-2
mission in space (LUhr et al., 2011). Large density and
wind data sets that can be used for upper thermospheric
research have been generated from accelerometers
flown in CHAMP and GRACE satellites. Investigations of
thermospheric wind behaviour using data from
accelerometer readings on board CHAMP satellite have
been reported (e.g. Liu et al., 2006; Hausler et al., 2007;
Forster et al., 2008; Sutton et al., 2005; Luhr et al., 2011;
Sivla and McCreadie, 2014).

Using wind data derived from CHAMP satellite
accelerometer using an iterative algorithm, Sivla and
McCreadie (2014) successfully investigated seasonal
diurnal thermospheric zonal wind behavior in the mid-
latitudes during equinoxes. This iterative algorithm
derived by Doornbos et al. (2010) is more reliable in that
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it avoids the restrictions and sources of error common in
the direct algorithm. In this study we are extending our
investigations to diurnal wind behavior in the north
hemisphere high latitude (70 - 80°N) during the extreme
low solar activity period (2006-2008) of solar cycle 23.
The extended period of low solar activity in solar cycle 23
provides an opportunity to explore the diurnal behavior of
the upper thermospheric parameters when the sun was
at its ground state. A study of the earth’s upper
thermosphere during periods of low solar activity can go
a long way in helping us understand contributions from
lower layers of earth’s atmosphere to variations in
thermospheric parameters.

The first high latitude thermospheric wind distribution
investigation using data from CHAMP was carried out by
Luhr et al. (2007). In their analysis of 131 days data
centered on the June solstice of 2003 in the Polar
Regions at altitudes of about 400 km, seasonal
differences were observed to be significant in the dayside
auroral zone than on the nightside. Their findings also
revealed that zonal winds at sub-auroral latitudes from
noon to dawn and dusk are very low during winter
conditions.

METHODOLOGY
Data sources and selection

The global Kp index is the mean value of the disturbance levels
observed at 13 selected mid-latitude stations during the three-hour
time intervals. According to a quasi-logarithmic scale it covers the
range from O to 9. The geomagnetic planetary index, Ap, gives a
measure of the level of geomagnetic activity over the entire Earth,
for a given day. It is the daily average of the 3-hourly ap index,
derived from the 3-hourly Kp values.

The geomagnetic indices are retrieved from the World data
Centre (WDC) for Geomagnetism, Kyoto (wdc.kugi.kyoto-
u.ac.jp/wdc/sec3.html) whereas the absolute solar flux at 10.7 cm is
obtained from National Geophysical Data Centre
(http://www.ngdc.noaa.gov).

CHAMP was in a polar orbit and took 130 days to cover all local
times and latitudes (Liu et al., 2006). The crossings of the latitude
bands during the ascending and descending motions took place at
different longitudes due the earth’s rotation. The relative position of
the sun and the polar orbiting satellite changes little during the day
so satellite measurements at the same geographic latitude although
at different longitudes are within a small range of local time (Zhang
and Shepherd, 2002). The tilting of the satellite orbit and latitudes
establish the real local solar time coverage at particular geographic
latitude.

The zonal wind used in this study is from the data derived by
Doornbos et al. (2010) using an iterative algorithm. In this
procedure, the modelled aerodynamic force is varied until it
coincides with the observed acceleration (Ritter et al., 2010). Data
at high latitudes from 70 - 80° north was selected for this study. The
data covers the solar minimum period from 1% January, 2006 to 31%
December, 2008, a total of 1096 days. The earth’s thermosphere
has significant seasonal variations, thus the need to group the wind
into appropriate seasons; the March equinox (February, March,
April), the September equinox (August, September, October), the
June solstice (May, June, July) and December solstice (November,
December, January). This period spanning over three years

provides enough data for detecting the diurnal variations at the
different seasons. In general, solar activity may be different
between March equinox and September equinox of a year (Chen et
al., 2012), thus the need to separate the equinox seasons.

Figure 2 shows the distribution of the wind speeds within the
selected latitude band. The selected data is then binned into local
time bins and averaged to find the mean speeds. The number of
measurements in each local time bin each of the seasons is
displayed in Figure 3.

RESULTS

Figure 4 shows the Kp index, sunspot number, Ap index,
geomagnetic and solar flux proxy variation during the
period of study. The solar flux values are generally less
than 100 s.f.u.. This period was characterized by very low
Kp index values.

The standard deviations in Figure 5 show the variability
of the averaged winds. These deviations represented by
the vertical bars are deviations of the winds for each one
hour interval. The March and September equinox
averaged winds show large standard deviations occurring
in the late afternoon from about 1400 LT to 2100 LT. The
large morning deviations during equinoxes are observed
from 0200 LT to about 0800 LT. The deviation variation
pattern is not well ordered during the June solstice. A
large deviation during the June solstice is observed at
1200 LT and 1300 LT, with the largest occurring at 2300
LT. The December deviation pattern is similar to the
March variation.

Equinox variation

During the March equinox season, maximum westward
wind speeds going up to 260 m/s are observed at 0700
LT while eastward speeds of 145 m/s occur at 2000 LT.
The west east switch in wind direction is observed to
occur at about 1500 LT while east west switch is
observed at about 2330 LT.

The September equinox maximum westward and
eastward speeds going above 250 and 200 m/s are
observed at 0800 and 2000 LT, respectively. Change in
wind direction from west to east occurred at about 1430
LT, while the change from east to west is observed at
about 2330 LT.

Solstice variation

In the June solstice period, switch in wind direction from
west to east is observed at 1600 LT, while the westward
switch is observed at 2230 LT. Maximum westward
speeds of about 295 m/s occurred at 0600 LT while
maximum eastward speeds going close to 90 m/s is
occurred at 1900 LT.

For the December solstice season east to west switch
was observed at about 0130 LT while change in direction
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Figure 2. Distribution of the zonal wind speeds within the selected latitude band for the
different seasons (a) March Equinox (b) September Equinox (c) June Solstice and (d)
December Solstice.

from west to east was observed at 1400 LT. Maximum while maximum eastward speeds of about 160 m/s
westward speeds of about 240 m/s occurred at 0800 LT occurred at 1900 LT.
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Figure 4. Variations of solar flux index, sunspot number, Ap and Kp geomagnetic activity indices.
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Figure 6. Comparison of the seasonal diurnal variations.

DISCUSSION

During period of extreme low solar activity the earth’s
ionosphere-thermosphere system is at its ground state.
During this period of solar minimum, the high latitude
thermospheric zonal winds may not be coupled efficiently
to the pattern of ion drift movement leading to poor
response to momentum forcing (Smith et al., 1988). The
geomagnetic field geometry and the sun’s activity have a
strong influence on the processes taking place in the
earth’s high—latitude thermosphere (Lihr and Marker,
2013). The principal driving forces in high latitude upper
themospheric zonal winds are the pressure gradient from
solar heating and ion drag from ion-neutral collisions.

The December solstice averaged winds lag behind the
other seasons in the westward direction and generally
lead the June solstice averaged winds during the morning
hours as can be seen in Figure 6. On the dawn side
plasma flow is aligned with the cross-polar cap wind at
high latitudes (Luhr and Marker, 2013). In the northern
hemisphere, the December solstice normally experience
a shorter period of sunlight due to the position of the sun,
leading to less contributions from the pressure gradient
force to daytime wind flow. The June solstice averaged
winds generally lead the other season’s averaged winds
in the westward direction except the significant departure
observed from 0200 to 0500 LT. They lag behind the
other seasons in the eastward direction. The relative
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Figure 7. Zonal wind variation in the equatorial latitudes.

higher plasma density during the June solstice, March
and September equinoxes may account for the relative
high speeds observed in the morning. But again this does
not explain the seemingly insignificant difference between
the June and Equinox early morning diurnal wind
variations. The eastward maximum speeds compare
favorably well with those from the equatorial latitudes as
can be observed in Figure 7.

Solar heating may not be principal driving force of the
high latitude winds, as equinoctial asymmetry is observed
generally in the wind behavior. According to Aruliah et al.
(1996), the asymmetry in high latitude winds originates
from a seasonal and diurnal variation in the in the cross-
polar —cap electric field generated by an equivalent
variation in the inclination of the geomagnetic pole with
respect to the average interplanetary magnetic field
orientation. This may be a possible explanation as wind
variation in the equatorial latitudes using the same data
sets during the same period show less asymmetry as can
be seen in Figure 7.

Compared to averaged wind variation in the equatorial
latitudes the change in wind direction does not take place
simultaneously. The switch in direction in the high
latitudes which occurs generally takes one to two hours
earlier in the westward to eastward direction. The
westward switch takes place four to six hours earlier than
in the equatorial latitudes as can be seen in Figures 6
and 7. As explained by Luhr et al. (2011), the observed
dependence of zonal wind change in direction can be
partly attributed to coriolis forces which cause earlier
reversals at high latitudes. Compared to equatorial zonal
wind variation, our high latitude winds showed high
maximum speeds during the morning hours. Maximum
westward direction speeds going above 200 m/s are
observed as compared to maximum westward speeds of
less than 150 m/s generally observed in the equatorial

latitudes. The high speeds observed in the high latitude
may be attributed to the prevailing effect of the
electrodynamic and hydrodynamic forces. The pressure
gradient force is the principal driving force of low latitude
upper thermospheric zonal winds.

Conclusion

Using wind data from CHAMP accelerometer readings for
three year data from 2006 to 2009, we have investigated
diurnal wind variation in the north hemisphere high
latitude during a period of extreme low solar activity. The
main feature noticed from our analysis is the significant
contributions from solar variation and ion drag to the wind
patterns during this period of extreme low solar activity.
Our analysis from the plots have shown

(1) December solstice averaged winds lag other seasons
in the westward direction.

(2) some degree of asymmetry in equinox averaged
winds. The asymmetry is observed to be more
pronounced from midnight to morning hours.

(3) reversals in averaged speed wind direction occurring
earlier than in averaged wind speeds in the equatorial
latitudes.

(4) fast zonal flows at dawn. Maximum averaged winds
occur in the westward direction during the day and
generally larger in magnitude than eastward maximum
speeds occurring in the evening.

Generally, our investigations have revealed that at this
period of low extreme solar minimum, the upper
thermospheric longitudinally averaged zonal winds have
shown some degree of coupling to the moving ion drift
patterns. Considering the coupling between neutral and



plasma motions, the averaging of zonal wind speeds over
altitudes between 200 km and 700 km could cause
smearing of reversal time at different altitudes (Liu et al.,
2006), as reversal time of zonal plasma drift varies within
this range (Fejer et al., 1981). Thus there is need for
observations at a constant height. Satellite coverage of
the upper thermospheric parameters only provide LT
constructs of diurnal variations combined together over
long series of days, and such samples provide global
averages where composite solar time changes are mixed
with the poorly known “longitude effects” (Sambou et al.,
1998). Thus the needs for simultaneous wind
measurements.

We recommend that further studies be carried out in
geomagnetic coordinates in the north and south
hemisphere using data from this algorithm. Due to the
influence of electrodynamic forces there is need to
present high latitude winds in geomagnetic coordinates.
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