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This paper aims at describing the ionospheric conditions during the DELTA (Dynamics and Energetics of the
Lower Thermosphere in Aurora) campaign period based on EISCAT radar observations conducted at Tromsø
(69.6◦N, 19.2◦E). We conducted EISCAT UHF radar observations on December 5 and from December 8 to
December 13, 2004 with a beam-scanning mode for a total of 74 hours. Except for December 8 during a 2
hr interval operation, we operated the EISCAT UHF radar for 12 hour intervals everyday to make it possible
to derive semidiurnal tidal amplitudes and phases in the lower thermosphere. Observed electron densities and
derived electric fields by the EISCAT UHF radar indicate that magnetospheric activity was high during the period
from December 5 to 13 except for the night of December 13. Derived semidiurnal amplitudes during December
9–12, 2004 exhibited a day to day variation at and below 110 km, while the corresponding phase was relatively
stable over the four days except for the zonal component on December 12. Neutral and electron temperatures
measured by the DELTA rocket were compared with neutral/ion and electron temperatures from the EISCAT
UHF radar observations. Comparison of neutral/ion temperatures show some agreement, while poor agreements
were found for the electron temperature. Possible causes of the discrepancy are discussed.
Key words: EISCAT, Tromsø, day-to-day variability, semidiurnal tide, neutral temperature, electron temperature.

1. Introduction
Large-scale atmospheric circulation in the thermosphere

has been investigated by modeling studies and satellite
observations. However, our understanding of the wind
dynamics in the lower thermosphere at high latitudes is
still limited, although it is understood that the neutral at-
mosphere plays an important role in the magnetosphere-
ionosphere-thermosphere coupling process. During the last
two decades, by using Incoherent Scatter (IS) radars such
as Chatanika (65◦N), Søndre Strømfjord (67◦N, 51◦W) and
EISCAT (Tromsø: 69.6◦N, 19.2◦E), a better understanding
of the lower thermosphere has been steadily advanced (e.g.,
Brekke et al., 1973; Johnson et al., 1987; Azeem and John-
son, 1997; Nozawa and Brekke, 1999).

Based on 56 days of EISCAT data sets Nozawa and
Brekke (1999) presented the seasonal and solar cycle varia-
tions of mean wind and diurnal and semidiurnal tidal winds
at Tromsø. In their studies, they showed that the diurnal
tide is weak in winter season in the lower thermosphere,
while the semidiurnal tide is dominant over the height re-
gion (95–120 km). Nozawa et al. (2005) analyzed eight
consecutive days of wind data obtained from November 11
to 19, 2003 at two locations of Tromsø and Longyearbyen
(78.2◦N, 16.0◦E), and evaluated the importance of the ion-
drag effect on the neutral wind dynamics. They demon-
strated that the ion-drag effect started playing a role at and
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above 107 km at Tromsø when the electron density was high
and the electric field was strong. They also showed that the
quasi-2 day wave was attenuated in the upper mesosphere
and could not penetrate into the lower thermosphere.

Strong winds and wind shears have been reported by
recent studies based on rocket measurements at high lati-
tudes (Larsen et al., 1997) and lower latitudes (Larsen et
al., 1998; Yamamoto et al., 1998). However, the cause of
the wind structure particularly in the vertical direction is
unclear. Auroral and tidal forcing processes are thought to
be important (cf. Parish et al., 2003). Simultaneous obser-
vations of the neutral atmospheric temperature, the neutral
wind, and the auroral energy input are necessary for fur-
ther understanding the thermospheric response to the auro-
ral disturbance. This is one of the objectives of the Dynam-
ics and Energetics of the Lower Thermosphere in Aurora
(DELTA) campaign. Abe et al. (2006a, this issue) give an
overview of the campaign objectives and the suite of instru-
ments involved in the experiments.

During the DELTA rocket campaign, we conducted the
EISCAT UHF radar observations at Tromsø (Folkestad et
al., 1983) to monitor ionospheric conditions. The near real-
time display of the EISCAT radar data at the launch site at
Andenes (69.3◦N, 16.22◦E) was actually used to indicate
suitable launch conditions for the DELTA rocket. In this
paper, in particular, we focus on the following two subjects
of research: (1) the day to day variability of the semidiur-
nal tide, (2) a comparison of rocket measured neutral and
electron temperatures with those of EISCAT observations.
In Section 2, a descriptive overview of the data sets and the
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Fig. 1. Temporal and altitude variations of the electron density for 6 nights observed by the EISCAT UHF radar during the Delta campaign. Each
experiment has 12 hr intervals. UT is used. Color scale is the same for all the plots.

Table 1. Summary of EISCAT CP2 observations during the DELTA
campaign in December 2004.

Day Start time (UT) End time (UT) Length of operation (hrs)

5th 12 24 12
8th 19 21 2
9th 18 06 12
10th 16 04 12
11th 16 04 12
12th 16 04 12
13th 16 04 12

analysis is given. In Section 3, observational results of the
electric field and neutral wind are presented. In Section 4,
the day to day variability of the semidiurnal tide is discussed
and the neutral and electron temperatures are compared. A
summary is given in Section 5.

2. Data and Data Analysis
We conducted the EISCAT radar observations on Decem-

ber 5 and from December 8 to December 13, 2004 with a
beam-scanning mode (i.e., Common Program 2 mode: CP2
mode). Table 1 summarizes the EISCAT radar observations.
In total we operated the EISCAT UHF radar for 74 hrs under
collaborations with the EISCAT associate countries such as
Sweden, Germany, U.K., Norway and Finland. From 1000
UT on December 6 to 1400 UT on December 9, 2004, a
Common Program 3 (CP3) (Collis, 1995) experiment was
conducted with the EISCAT UHF radar because of a World
Day campaign except for a 2 hr interval break for our ex-
periment occurring from 1900 to 2100 UT on December
8. The CP3 observations were also used for the consider-
ation of the rocket launch. In the CP2 mode the line of
sight of the combined transmitter and receiver antenna was
pointed into four consecutive positions, including one field-
aligned position, with a dwell time of ∼1 min in each posi-

tion, making a six-minute full-cycle time of the antenna. We
thus derived 3-D ion velocity vectors every 6 min from ∼90
km up to ∼500 km. Except for the operation on December
8 (2 hr interval operation), we operated the EISCAT UHF
radar with the CP2 mode for a 12 hour interval everyday
to make it possible to derive semidiurnal tidal amplitudes
and phases. The EISCAT operations went well without any
serious problems.

Figure 1 shows the temporal and altitude (90–500 km)
variation of the observed electron density for six 12 hr in-
terval experiments conducted on December 5, 9, 10, 11, 12
and 13, 2004. On December 5, the operation started at 1200
UT, thus the high electron density was maintained by solar
ionization during the day time. The electron density was
low after ∼1700 UT, but it was again high at ∼2100 UT and
lasted at least until the end of the operation. On the other
hand, the operation started at 1800 UT on December 9 and
at 1600 UT on December 10, 11, 12, and 13. High electron
density was observed over the four nights from December
9 to 12 until 0300–0400 UT every night. The CP3 observa-
tions made from December 6 to 9 showed similar features in
which the electron density was high at night and in the early
morning. These high electron were caused by auroral parti-
cle precipitations. We monitored the ionospheric conditions
on a real-time basis for the decision of when to launch the
rocket, and the launch finally occurred at 0033:00 UT on
December 13, 2004. The ionosphere was extremely quiet
during the next night (i.e., December 13–14).

By combining 3 sets of lines of sight velocity at each
cycle, we derived a 3-D ion velocity vector from 90 to
∼500 km with different altitude resolutions: about 3–5 km
from 90 to 120 km and about 20–30 km in the F region.
Assuming that the F region plasma drifts perpendicularly
to the geomagnetic field B solely due to the electric field E,
this field can be obtained by:

E = −(vF × B) (1)
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Fig. 2. Spectra of normalized spectral power of mesospheric wind data obtained with the Tromsø MF radar at 91 km (top) and 82 km (bottom) are
shown for meridional (left) and zonal (right) components. Horizontal broken lines denote 99% significance levels.

where vF is the ion velocity vector in the F region (data at
282 km are used in this study). For B we use the Interna-
tional Geomagnetic Reference Field (IGRF) model (IAGA
Division I working Group 1, 1987).

Using the ion velocity vectors and the electric field vec-
tors together with model atmospheric densities and collision
frequencies, we derived neutral wind velocity vectors in the
lower thermosphere between 95 and 120 km. Thus, we de-
rived semidiurnal tidal amplitude and phase values based on
the EISCAT data during the DELTA campaign. The deriva-
tion of the neutral wind velocity in the lower thermosphere
is founded on knowledge of how it is related to the ion ve-
locity and the electric field in that region. This idea was
first introduced by Brekke et al. (1973), thoroughly evalu-
ated by Comfort et al. (1976) and later revised by Rino et al.
(1977), and has since been used by a string of other authors
(see Nozawa and Brekke 1999, and reference therein). Ac-
cording to Rino et al. (1977) the steady state ion mobility
equation can be solved for the neutral wind velocity vector
u in the following way:

u = v − 	i

Bνin
(E + v × B) (2)

where νin is ion-neutral collision frequency, 	i (= eB/mi )

is the gyrofrequency of the ions, e is the elementary charge
(=1.602 × 10−19 C), mi (=30.5 amu) is the mean ion mass,
and B is the magnitude of B. The model neutral atmosphere
used for calculating νin is the MSIS90 model (Hedin, 1991),
and the formula for the ion-neutral collision frequency is
that given by Schunk and Walker (1973). With these mod-
els 	i is found equal to νin at 121 ± 0.5 km altitude under
all conditions. There is not yet a consensus for the choice of
the model for the ion-neutral collision frequency, and there-
fore it is possible that it can introduce uncertainties to the
derived wind velocities at the uppermost heights (e.g., John-
son and Virdi, 1991; Williams and Virdi, 1989). The MF
radar co-located at the EISCAT Tromsø site (Hall, 2001)
observed continually the horizontal mesospheric wind (70–
91 km) with 3 km altitude and 5 min temporal resolutions.
By combining two sets of radar wind data, we obtained al-
titude profiles of horizontal wind velocities from 70 to 120
km.

Table 2 summarizes daily Ap indices and the solar 10.7
cm flux indices (F10.7) during the campaign period. At
Tromsø, local time (LT) is 1 hr ahead of Universal time
(UT) (i.e., LT=UT+1 hr), and Magnetic Local time (MLT)
is ∼2.5 hrs ahead of UT (i.e., MLT=UT+2.5 hrs).

Table 2. Summary of Ap and F10.7 index during the DELTA campaign in
December 2004.

Day Dairy Ap F10.7 (W/m2Hz)

5th 9 93.1

6th 21 90.4

7th 15 87.1

8th 11 93.6

9th 8 84.7

10th 10 82.3

11th 15 87.1

12th 29 87.7

13th 10 87.0

3. Results
Figure 2 illustrates the spectra of the mesospheric wind

observed by the colocated Tromsø MF radar for the merid-
ional (left) and zonal (right) components at two heights of
91 km (top) and 82 km (bottom). Wind data obtained during
eight consecutive day intervals from 1200 UT on December
8 to 1200 UT on December 16, 2004 are used for calcula-
tion in order to determine the behavior of the quasi-2 day
(Q2DW) wave together with the tides. This figure clearly
illustrates that the semidiurnal tide is dominant at 91 km.
At 82 km, in addition to the semidiurnal tide, Q2DW and
a few waves with shorter periods between 8 and 10 hr are
identified. (It is beyond our scope to study the waves with
shorter periods in this paper.) Furthermore, the previous
studies by Nozawa and Brekke (1999) and Nozawa et al.
(2005) showed that the semidiurnal tide is dominant in the
lower thermosphere in winter. We therefore assume that the
diurnal tidal component is not important during the DELTA
campaign period. Figure 3 illustrates variations of the de-
rived horizontal wind velocities for 7 heights from 98 km to
120 km from 1600 UT on December 12 to 0400 UT on De-
cember 13, 2004. Associated smoothed curves (blue color)
are composed of the mean wind, and semidiurnal, 8 hr and
6 hr components. At and below 101 km, data gaps occurred
more seriously than those above 101 km because of low
electron density at these heights. These data, thus, are re-
moved when we present the altitude profile of the semidi-
urnal tide. Fitting curves with mean, 12 hr, 8 hr and 6 hr
components appear to be good at and above 104 km. Rapid
or scattered temporal variations of the wind velocities are
found approximately between 2100 and 0200 UT. Possible
causes would be gravity waves and/or uncertainties of the
measurements. As we mentioned, the CP2 (i.e., monostatic
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Fig. 3. Temporal variations of the derived meridional (left) and zonal (right) wind velocities are illustrated from 1600 UT on December 12 to 0400 UT
on December 13, 2004 at seven heights.

method) needs spatial and temporal stability for ∼5 min,
which is not the case when an auroral arc passes overhead.
Therefore, care is needed when dealing with such a data set.

Figure 4 shows temporal variations of the electric field,
which were derived from ion velocities obtained at 282 km
by using Eq. (1), for four nights of December 9, 10, 11,
and 12, 2004. In general, the meridional component of the
electric field is greater than that of the zonal component.
The relatively strong amplitude of the southward electric
field was observed every night and the amplitude became
greater than 50 mV m−1 on occasion. The electric filed
shows a tendency for the meridional component to turn
from northward to southward about 2 hours earlier than the
magnetic local midnight except for on December 12, 2004.
The southward electric field lasted at least for four hours.
These EISCAT radar observations indicate that most likely
the thermosphere received energy and momentum from the
magnetosphere through processes of Joule heating, particle
heating, and ion-drag during the DELTA campaign period.

4. Discussion
4.1 Day to day variability of the semidiurnal tide

The day to day variability of the semidiurnal tide is gen-
erally thought to be significant in the lower thermosphere.

Here we investigate the day to day variation from December
9 to 12, 2004. Figure 5 shows altitude profiles of the semidi-
urnal tidal amplitude of meridional (solid circles) and zonal
(open circles) components, as well as their corresponding
phases (local time of maximum) in the height region from
70 to 110 km using MF and EISCAT radar observations
during a four day period. Owing to poor data quality, the
data for December 5 and 13 are not presented. Moreover,
data at a height of 95 km for December 9–12 and data at
heights of 98 and 101 km on December 12 are removed due
to poor quality. Horizontal bars associated with each circle
denote error values (2σ ). The error value was calculated by
the way shown by Nozawa and Brekke (1995). Above 95
km, the semidiurnal tide is derived from the 12 hr length
of the EISCAT wind data. The Lomb-Scargle periodogram
method, which is based on least-squares frequency analysis
of unequally spaced data (cf. Hocke, 1998), was applied to
derive the tidal components. EISCAT wind data above 110
km were not presented since the diurnal tidal component
would not be negligibly small. At and below 91 km, data
values from the MF radar wind observations are presented.
For the tidal analysis of the MF radar wind data, we used a
24 hr interval for the wind data, which contained wind data
between 6 hrs before and after the corresponding EISCAT
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Fig. 4. Temporal (UT) variations of the electric field for meridional (left) and zonal (right) components for four days: December 9, 10, 11, and 12,
2004.

operational interval. Here we assume there is no bias due to
difference of the radars based on the work by Nozawa et al.
(2002).

Altitude profiles of the semidiurnal amplitude for De-
cember 9 and 10 exhibit similar features: the amplitude
tends to increase with increasing altitude in the upper meso-
sphere and maximizes at 97–103 km in the lower thermo-
sphere. The peak values of the amplitude are, however, dif-
ferent each other, and the altitude at which the amplitude
maximizes is slightly different. The zonal amplitude on De-
cember 11 grows with increasing altitude and it exhibits a
similar feature to those of December 9 and 10. It maximizes
at 107 km with a value of ∼160 m s−1, where it is higher

than those of the other two days. The meridional ampli-
tude on December 11 exhibits a tendency to increase with
increasing altitude from 73 to 91 km, while it is almost con-
stant between 101 and 110 km. Corresponding phase values
for both horizontal components for the 3 days of December
9–11 exhibit smoothed variations with altitudes from 76 to
110 km. Differences of phase values above 76 km on De-
cember 10 and 11 are generally within ∼2 hours for the
meridional and zonal components. Phase values for De-
cember 9 differ by 2–4 hrs in the lower thermosphere from
those of the other two cases and shifted to later hours than
those of the others. The vertical wavelength is estimated to
be ∼35 km for the meridional and zonal components for the
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Fig. 5. Altitude profiles of the semidiurnal tidal meridional amplitude (left), zonal amplitude (middle), and corresponding phases (right). Meridional
and zonal components are shown by closed and open circles with two sigma error bars.

three days, although the altitude profile of the zonal compo-
nent on December 9 in the lower thermosphere is a bit dis-
torted. With an estimated vertical wavelength of ∼35 km,
it would be associated in classical tidal theory with the mi-
grating (2,6), (2,5) or (2,4) modes (e.g., Virdi et al., 1986;
Forbes, 1995).

The meridional and zonal amplitudes of December 12 ex-
hibit relatively similar features in the lower thermosphere
compared to those for the other 3 days. The tidal values
are difficult to derive below 104 km due to poor data qual-
ity. The amplitude on December 12 appears to maximize
at or below 104 km with a value of 100–120 m s−1. In the
mesosphere, the meridional amplitude shows a tendency of

decreasing with increasing altitude, while the zonal ampli-
tude maximizes at 82 km with a value of 23 m s−1. The
amplitude of both the horizontal components is small (∼10
m s−1) at 91 km. The corresponding phases of the merid-
ional component seem to connect with each other between
the EISCAT and MF radar observations. It should be noted
that the zonal phase on December 12 exhibits a different
feature from those of the other three days. There is no phase
shift between meridional and zonal components in the lower
thermosphere. Thus, it appears that the zonal winds were
affected by some in situ forcing in the lower thermosphere.

For December 9–12, the maximum amplitude values as
well as corresponding peak altitudes of the meridional and
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zonal amplitudes exhibit a day to day variability. The peak
values of the zonal amplitude are larger than 150 m s−1 on
December 10 and 11, while it is less than 50 m s−1 on De-
cember 9. The difference between days is relatively small
for the meridional amplitude. The peak altitude where the
amplitude maximizes varies with time between 97 km and
107 km for the four days. On the other hand, the corre-
sponding phases are relatively stable (generally within a few
hours) over the four days. The vertical wavelengths of the
meridional and zonal components are about 35 km over the
four days except for the zonal component on December 12.
By using data obtained with the EISCAT UHF radar for the
E region radar and rocket instability study (ERRRIS) cam-
paign, Huuskonen et al. (1991) examined the variability of
semidiurnal tides in the lower thermosphere (100–140 km)
and concluded that the 2-day wave played a role in modu-
lating the amplitude of the semidiurnal tide through the pro-
cess of non linear wave-wave coupling in the mesosphere.
It should be pointed out that although, as shown in Fig. 2,
the Q2DW was observed at 82 km during the period, it is
not found for the amplitude modulation of the semidiurnal
tide with a period of 2 days. Auroral forcing effects (i.e.,
Joule and particle heating and ion drag) start playing a role
at least above 107 km (cf., Nozawa et al., 2005). Since
we used data at and below 110 km, it can be concluded that
from December 9 to 12 the semidiurnal tide is dominated by
the upward propagating component from the lower/middle
atmosphere, and its amplitude exhibits a day-to-day varia-
tion. In contrast, the corresponding phase is relatively stable
over the four days.
4.2 Comparison of neutral/ion temperatures

Figure 6(a) illustrates comparison of neutral/ion tem-
peratures: ion temperature (solid circles) by EISCAT, de-
rived neutral temperature (open circles) by EISCAT, mod-
eled neutral temperature by MSIS90 model (thick dashed
line), neutral temperature by Nitrogen Temperature instru-
ment (NTV) (triangles) onboard the DELTA rocket. NTV
(Kurihara et al., 2003) values are averaged every 1 km in
altitude. The rocket was launched at 0033:00 UT on De-
cember 13, 2004 at Andenes (69.3◦N, 16.22◦E), and three
representative positions from the rocket trajectory are tab-
ulated in Table 3. The rocket reached an altitude of 106.7
km at 0034:40 UT, 140 km (apogee) at 0036:04 UT, and
105.3 km at 0037:30 UT. The rocket trajectory is sepa-
rated by ∼100 km west from the EISCAT radar location. It
should be kept in mind that the EISCAT data presented in
Fig. 6 were obtained at the field-aligned position at Tromsø
(69.6◦N, 19.2◦E) from 0035:15 to 0036:00 UT, while the
rocket measurements were made over ∼3 min along the
rocket trajectory. A map can be found in figure 2 by Abe
et al. (2006a, this issue). Good agreement of NTV temper-
atures obtained when the rocket ascended and descended
implies the presence of a relatively uniform structure of
the neutral temperature in latitude over the rocket trajec-
tory. The EISCAT ion temperature increases with increas-
ing altitude and is higher by 200 K at and above 120 km
than neutral temperature derived by NTV, but the shapes of
those altitude profiles are similar. As shown in Fig. 5, since
the strength of the electric field was ∼50 mV m−1 and the
agreement is good below 110 km, this difference above 110
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Fig. 6. (a) Altitude profiles of neutral and ion temperatures: ion temper-
atures by EISCAT (solid circles with solid line), neutral temperatures
by EISCAT (open circles with solid line), neutral temperatures by NTV
when the rocket ascended (open triangle with dotted line) and descended
(reverse solid triangle with dotted line). Modeled neutral temperature
by MSIS90 is also shown by thick-dashed line. NTV values are aver-
aged by 1 km in altitude. (b) Altitude profiles of electron temperatures
by EISCAT (solid circles with solid line), by FLP when the rocket as-
cended (open triangle with dotted line) and descended (reverse solid
triangle with dotted line). FLP values are averaged by 1 km in altitude.

km is probably caused by Joule Heating. Thus, we can con-
clude that a good agreement is found qualitatively between
the neutral temperature by NTV and the ion temperature by
EISCAT radar.

In order to compare the neutral temperature more di-
rectly, we derived the neutral temperature from the EIS-
CAT radar measurements. Under the assumption that the
viscous heating, heat advection, heat conduction, frictional
heating between ions and electrons and the heat exchange
between ions and electrons are neglected, the neutral tem-
perature can be derived by using the steady-state ion energy
equation as follows:

Tn = Ti// − β//

mn
2kb

(v − u)2 (3)

where Tn is the neutral temperature, Ti// is the ion tem-
perature measured along the local geomagnetic field line,
mn is the neutral mass and kb is the Boltzmann’s constant.
The parameter β// is the partition coefficient for the par-
allel ion temperatures and uses a value of 0.54 (cf. Maeda
et al., 2005). At and below 110 km, the contribution of
the second term on the right side in Eq. (3) is small due to
more abundant neutral particles compared to ion particles.
Thus, at and below 110 km, good agreement is found for
neutral temperatures measured by NTV and derived by EIS-
CAT radar observations. At 118 km, relatively good agree-
ment is found for the neutral temperatures between EISCAT
and rocket measurements. However, at 114 km, the neutral
temperature derived by the EISCAT observations is lower
by ∼200 K than that measured by the rocket. In the first
place, this discrepancy would be attributed to uncertainties
of EISCAT radar values of the neutral wind and ion velocity
at 114 km (see Fig. 3), since the auroral arc passed by the
beams and the strong electric field was present.

When we compare the neutral temperature derived by
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EISCAT with that predicted by the MSIS90 model, a bit
surprisingly, at 114 and 118 km, a good agreement is found
between the EISCAT and MSIS90 model values. Between
110 and 143 km, the error values of the ion temperature
are smaller than 40 K. However, below 110 km due to low
electron density the EISCAT radar data suffer from larger
uncertainties. At 106 km the error value of the ion tem-
perature is ∼85 K. Considering the error values, we could
conclude that the neutral temperature derived by EISCAT is
in fairly good agreement with that from the MSIS90 model.
A detailed comparison between the neutral temperatures by
NTV and from the MSIS90 model is given in Kurihara et
al. (this issue). This paper is confined to these comparison
results. These comparisons suggest that additional studies
are required to conclude which neutral temperature is most
reliable.
4.3 Comparison of electron temperatures

There are several studies which have compared the elec-
tron temperature in the F region measured by Incoherent
Scatter radar and instruments onboard rockets (cf. Svenes et
al., 1992; Oyama and Schlegel, 1988), while there are few
studies which have been conducted in the E-region. Thus,
it is worthwhile to compare electron temperature measured
by the EISCAT radar and the Fast Langmuir Probe (FLP)
(Brace, 1998) onboard the DELTA rocket. Figure 6(b) com-
pares electron temperatures by EISCAT (solid circles) and
by FLP (triangles). More detailed presentations and discus-
sions in terms of the electron temperature by FLP are given
by Abe et al. (2006b, this issue). In Fig. 6(b), the FLP
values are averaged every 1 km in altitude. The electron
temperature by the EISCAT radar increases with increasing
altitude similar to the ion temperature. This altitude profile
is reasonable when the aurora particle precipitation occurs.
In contrast, the electron temperature by FLP is relatively
constant with a height between 120 and 140 km. Accord-
ing to aurora images taken at Kilpisjävi (69.0◦N, 20.9◦E)
(see figure 1 by Kurihara et al., this issue), an auroral arc
moved from west to east and passed by the field-of-view
of the EISCAT radar. During the measurement at the field-
aligned position from 0035:15 to 0036:00 UT, the EISCAT
observed the auroral arc most of the time. On the other
hand, the rocket flew north of the auroral arc and the auro-
ral arc was out of view most of the time except at the be-
ginning of the flight. The electron temperature by EISCAT
is higher and lower than that by FLP above and below 120
km, respectively. Above 120 km, since the EISCAT radar
captured the auroral arc (i.e., the effect of particle heating)
and the rocket was not in the auroral arc, this result is rea-
sonable. The temperature enhancement by FLP at 110 km
when the rocket ascended can be interpreted by the heating
effect of an instability due to the presence of the strong elec-
tric field, probably the Farley-Buneman instability (cf. St-
Maurice et al., 1981). On the other hand, the enhancement
of the electron temperature below 120 km when the rocket
descended is hard to understand. The electron temperature
by FLP shows an enhancement at 116 km with a peak value
of ∼800 K. There should be a heating process occurring in
the ionosphere where the rocket passed by. Since the Farly-
Buneman instability works more effectively at and below
110 km, the presence of the peak altitude of 116 km cannot

be explained well. One possible explanation is that this alti-
tude profile is contaminated by the spatial (latitudinal) vari-
ation of the electron temperature. To conclude, there is poor
agreement found in electron temperatures between EISCAT
and rocket measurements. In other words, this comparison
result confirms that the electron temperature is influenced
significantly by local heating processes.

5. Summary and conclusions
We conducted the EISCAT radar observations on Decem-

ber 5 and from December 8 to December 13, 2004 with a
beam-scanning mode at Tromsø (69.6◦N, 19.2◦E). Except
for December 8 with a 2-hr interval operation, we oper-
ated the EISCAT UHF radar for 12 hour intervals every-
day. From the EISCAT data, we derived the semidiurnal
tidal amplitude and phases for 5 days. EISCAT observa-
tions showed that the magnetospheric activity was high dur-
ing the period from December 5 to 13 except for the night of
December 13, although the daily Ap index was within the
range of 8 to 29. The near real-time display of the EISCAT
radar data at Andenes (69.3◦N, 16.22◦E) was actually used
to indicate suitable launch conditions for the DELTA rocket.
The rocket was launched successfully at 0033:00 UT on De-
cember 13, 2004 at Andenes. The day-to-day variability of
the semidiurnal tide was investigated and was found to be
prominent for the amplitude and its peak altitude over four
nights from December 9 to 12, 2004. In contrast, the cor-
responding phase was relatively stable (generally within a
few hours) over the four days except for the zonal com-
ponent on December 12. The Q2DW was observed at 82
km in the mesosphere during the period, but the semidi-
urnal amplitude in the lower thermosphere did not exhibit
a clear 2-day modulation. Comparison of neutral temper-
atures measured by NTV onboard the DELTA rocket and
ion temperature by the EISCAT UHF radar show reasonable
agreement. In contrast, the electron temperature measured
by FLP onboard the DELTA rocket and the EISCAT radar
disagree with each other.
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