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The NOAA MST (mesosphere-stratosphere-troposphere) VHF radar at Poker Flat, Alaska, provides
nearly continuous high time resolution measurements of the velocity of 3-m scale plasma density irregu-
larities at altitudes ~85 km during the summer and less continuous but lower (~65 km) altitude
observations during the winter. However, incomplete knowledge of the origin and behavior of the VHF
scatterers limits the applications of these data. Observations from the nearby Chatanika incoherent
scatter radar are used to investigate the effects of electron precipitation and magnetospheric convection
electric fields on the VHF observations. It is shown that the backscattered VHF signal is usually
enhanced when auroral particles increase the D region ionization. The magnetospheric convection elec-
tric fields do not generally affect the interpretation of the measured velocities of the 3-m plasma irregu-
larities as mesospheric winds. Combined neutral wind measurements from the two radars show some
evidence for a continuous tide from the mesosphere through the thermosphere.

INTRODUCTION

The NOAA MST radar at Poker Flat, Alaska [Balsley et
al., 1980], has the distinction that it is currently the only radar
of its type located in the auroral zone. Like similar VHF
radars at low and mid-latitude sites [cf. Rottger, 1980], the
Poker Flat radar detects echoes from 3-m scale plasma density
irregularities in the D region and lower E region of the iono-
sphere as well as from meteor trails [cf. Avery et al., 1983].

The reason for the existence of 3-m irregularities at altitudes
of ~55 km to ~95 km is not fully understood. Although
Gage and Balsley [1980], among others, have suggested that
turbulence-generated irregularities in the neutral atmosphere
will produce comparable scale structure in the ionosphere
where a sufficient electron density gradient is present, neutral
turbulence with this scale size should be strongly damped by
viscosity at the mesospheric altitudes where the VHF echoes
originate [Reid et al., 1981]. Moreover, the characteristics of
the scattering volumes, including their morphology and tem-
poral variability, differ at the various MST sites [cf. Rottger,
1980; Ecklund and Balsley, 1981]. Since the nature of the VHF
mesospheric echoes is uncertain, the interpretation of the (ir-
regularity) velocities obtained from the Doppler shift of the
frequency of MST radar echoes is questionable. In particular,
the observed velocities have been considered as a direct
measurement of the neutral wind, but Reid [1983] finds that
electric fields of magnitudes that are typical in the auroral
zone can have a significant effect on the motion of plasma at
altitudes down to 85 km.
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Fig. 1. Experiment configuration, showing the Chatanika radar

beam directed along the local magnetic field and the three MST radar
beams. Of the latter, one points vertically, while receiver 1 points in a
northerly direction and receiver 2 points in an easterly direction. The
MST radar is located approximately 2 km north of the Chatanika
radar site.
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Fig. 2. Composite of the data obtained by both the incoherent scatter and VHF radars on (a) June 16, 1981 and (b)
October 22, 1981. Starting at the upper left, these displays show the College magnetometer H trace, the electron density at
four alttitudes measured by the Chatanika radar, and the field-aligned component of the ion velocity Vii=- ;- B here) at
various altitudes at two different range resolutions (with different velocity scales). The MST radar data, shown (as
histograms) on the left, include the velocity observed in the field-aligned, vertical, and geographic north and east direc-
tions, and the signal to noise ratios in the two oblique receivers.

Data obtained simultaneously with the Chatanika inco-
herent scatter radar and the Poker Flat MST radar provide
the opportunity to answer some of these questions concerning
the MST radar observations. In particular, plasma densities,
density gradients, and electric fields can be obtained from in-
coherent scatter radar data, permitting tests of the dependence
of VHF backscatter characteristics and 3-m irregularity
motion on these parameters. This paper describes information
obtained from two continuous 15-hour periods of Chatanika
radar and Poker Flat MST radar observations on June 16,
1981, and October 22, 1981. The analyses and results de-
scribed here illustrate the possibilities for further comparisons.

OBSERVATIONS

The Chatanika incoherent scatter radar and the NOAA
MST (VHF) radar have been described by Leadabrand et al.
[1972] and Balsley et al. [1980], respectively. On summer

nights at the latitude of Poker Flat (~ 65 N), the ionosphere is
locally produced by a combination of photoionization and
auroral particle precipitation. The wintertime ionosphere is
produced almost exclusively by the auroral precipitation
source with some contribution from photoelectrons from the
conjugate hemisphere.

During the local “nighttime” hours 0300-1800 UT (1700-
0800 LT) of June 16, 1981, and October 22, 1981, experiments
were carried out by using both radars in the configuration
illustrated in Figure 1. The Chatanika radar was pointed
toward the magnetic zenith, while the three MST radar beams
(two oblique and one vertical) were fixed in their usual orien-
tation as shown. The choice of the Chatanika radar fixed
position was for the purpose of obtaining high time resolution
thermospheric wind measurements with minimum contami-
nation of the ion drifts by electric field effects. Altitude profiles
of the plasma density with spatial resolution of ~5 km were
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provided by these observations. The MST radar simultaneous-
ly obtained measurements of the mesospheric velocity with
2.2-km height resolution during these periods of time, which
were chosen because they represent typical summertime and
wintertime conditions in the mesosphere.

A composite picture of the data for the two periods is given
in Figure 2. The upper left-hand panel contains the H compo-
nent of the College magnetometer record during the radar
experiment. The panel below the magnetogram shows 10-min
averages of the electron density measured by the Chatanika
radar at four altitudes. Below the electron density, 10-min
averaged magnetic field-aligned ion velocities ¥; obtained
from the incoherent scatter signal are plotted for four 50-km
range intervals centered on the altitudes shown, and at higher
range resolution for periods where the electron density was
sufficient to produce a fairly accurate estimate with less spatial
averaging. On the right side of Figure 2, the complementary
MST velocity data and signal to noise ratios are displayed
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with approximately 2-min temporal resolution. In the top
panel the componeiit of the MST Doppler velocity parallel to
the local magnetic field (V) is shown. The geographic (vertical,
eastward, and northward) component velocities and signal to
noise ratios for the two oblique receivers complete the figure.

DiscussioN

It has been suggested [cf. Gage and Balsley, 1980] that
mesospheric MST radar echoes occur when the electron den-
sity and the associated vertical gradient are sufficiently large,
provided that neutral density irregularities in the D region
have a 3-m scale component. Ecklund and Balsley [1981] have
described the regular seasonal variations in the mesospheric
VHF echoes seen at Poker Flat. During the summer season
(March-September) the VHF echoes are quite continuous in
the altitude range ~85-90 km, while during the winter season
(October —April) the echoes are sparse and tend to occur at
lower altitudes ~355-75 km. The signal to noise data in
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Fig. 3. (a) electron density below 100-km altitude measured by the Chatanika radar and MST radar signal to noise ratio
for the June 16 experiment. (b) Same as (a) but for October 22.

Figure 2 illustrate these typical seasonal characteristics, which
have been attributed both to the differences in the neutral
dynamics in winter and summer (turbulent breakdown of at-
mospheric tides [cf. Fritts et al., 1983] is believed to produce
3-m neutral density irregularities near the mesopause during
the summer) and to the continuous photoionization source
that is present in the summer at high latitudes. Examination of
Figure 2 also reveals that during the negative bays visible on
the College magnetometer records, the Chatanika radar data
show auroral precipitation related increases in the electron
densities and density gradients at the altitudes where the MST
echoes originated. Details showing the comparison of the
MST radar signal to noise ratio with the electron density data
are given in Figure 3. Vertical lines have been superposed to
mark features in the signal to noise record that correspond to
the precipitation enhancements in ionization. The increase in
signal to noise is seen at different altitudes for different events.
Notably, the two events that occurred during local morning
on October 22 had associated signal to noise enhancements,
but the winter night event (at about 0400 AST) produced no
apparent effect on the VHF echoes. Precipitation-related ef-
fects are more difficult to identify in the June data because of
the higher quiet-time signal; however, they appear to be pres-
ent in the summer also. This behavior is consistent with the
expectation that the VHF backscatter depends in part on the
local electron density in the D region, except that the winter
night event suggests that an additional factor must be neces-
sary for the occurrence of echoes. The additional factor may
be the state of the neutral atmosphere as previously suggested.
Of course, it could be argued that the precipitation on this
occasion was spatially nonuniform to the extent that the
atmosphere within the Chatanika radar beam was affected but

that within the MST radar beams was not or that the small
amount of photoionization present on winter mornings is nec-
essary for winter échoes.

Velocities determined from the Doppler shifted frequencies
of backscattered MST radar power are usually interoreted as
neutral velocities because the ions at the altitude of the echoes
are strongly coupled to the neutral atmosphere by collisions.
However, in the auroral -zone even the low-altitude iono-
spheric plasma can be influenced by the occasionally strong
local electric fields that are related to magnetospheric convec-
tion. The electric field strength at a particular time can be
estimated from the combination of magnetometer data and
electron density data by using the formulae [cf. Banks and
Doupnik, 1975],

AD = —poZ,En' — ZyEy")
AH = py(ZyEN' + Z,Eg)

where AD and AH are the usual geomagnetic perturbations,
Ho is the permeability, £, and I, are the height-integrated
Pedersen and Hall conductivities, respectively (which require
the electron density altitude profile and a neutral atmosphere
model for their evaluation) and the electric fields, which in-
clude the dynamo field (E' = E + & x B, ii = neutral wind) are
separated into magnetic eastward dand northward components
(subscripts E and N). Although these expressions strictly apply
only to an infinite plane current sheet overhead, whereas the
currents may in fact be concentrated within auroral arcs, the
accuracy of this method of inferring the electric field has been
demonstrated for several cases by Banks and Doupnik [1975].
Horizontal electric fields for the period under consideration
here, calculated by this method using 10-min averaged elec-
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the resulling honzonial electric fields imagnetic coordinates) obiained by using the formulae 1 the text

tron density profiles measured by the Chatanika radar and the
Cira (1972) neutral atmosphere model for the conductivity, are
shown in Figure 4. The interpretation of the MST velocities as
neutral velocities can now be addressed using the inferred
electric fields. If it is assumed that the observed velocity of the
VHF scattering irregularities is equal to the ion velocity,
which is practically true for non-field-aligned plasma density
irregularities [Reid, 1983], the neutral velocity can be approxi-
mated by the expression

(E+0x B)

Uxv—
myy,

where ¢ is the ion velocity (=MST velocity), e is the electron
charge, m; is the ion mass, v, is the ion-neutral collision fre-
quency, B is the magnetic field, and E is the inferred electric
field E’ discussed above (e.g., the dynamo contribution is as-
sumed small). The difference between i and the observed ve-
locity 7 is then a measure of the influence of the Lorentz force
on the ions at the VHF scattering altitude. Comparisons be-
tween calculated 4 and observed 7 are given in Figure S by the
differences (# — 9) for the horizontal velocity components at
86-km altitude. The computed electric field shown in Figure 4
was used in the calculation of @. The results in Figure 5 sug-
gest that the electric fields that occur in the auroral zone can
partially decouple the ion and neutral components of the

atmosphere at 86-km altitude. However, because the difference
between the ion and neutral velocities is small (<1 ms™!) in
comparison with the typical horizontal velocities (~10-50 m
s~ 1) observed by the MST radar, the interpretation of the
observed horizontal velocities at ~85-km altitude as meso-
spheric neutral winds is justified. Still, this interpretation must
be made with caution in cases where the observed velocities
are small and the electric field magnitudes (as indicated by
magnetometer activity, for example) approach their maximum
auroral zone values of >100 mVm™!. In particular, Reid
[1983] pointed out that the vertical velocity, which is always
small, cannot be interpreted as a neutral velocity during
periods of auroral activity.

A particularly interesting aspect of these data from the
UHF and VHF radars from the viewpoint of upper and lower
atmosphere coupling is the practically continuous measure-
ment of the neutral velocity component parallel to the mag-
netic field from ~ 50- to 80-km altitude to ~300 km. In par-
ticular, the summer high resolution UHF parallel velocity
data (lower left-hand side of Figure 2) when joined with the
VHF data (upper right) suggest a vertical wavelength in the
long-period variations of ~20 km that is consistent with what
is expected for certain atmospheric tides at these altitudes
[Holton, 1975; Forbes, 1982]. Figure 6 shows this detail of
Figure 2 on a larger scale, together with the vertical velocity.
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The dashed lines guide the eye through phase fronts of one
vertical wave cycle. Both the summer and winter data exhibit
a similar diurnal behavior of ¥}, at altitudes above ~ 130 km.
Assuming that the vertical wind is much smaller than the
parallel component of the horizontal wind, the measurements
indicate that the thermospheric wind is strongly southward
near local midnight and in the éarly morning hours and
northward in the evening and near dawn. The summer high-
resolution data mentioned above suggest that this nighttime
southward surge in the upper thermospheric wind merges with
the diurnal tide in the lower thermosphere. Since Wickwar
[1981] demonstrated that the magnitude of the southward
wind above ~ 150 km is related to the geomagnetic and auro-
ral activity index Kp, the diurnal tide that is seen at the lower
altitudes may also be affected by geomagnetic activity if the
tides in the upper and lower thermosphere are coupled.

CONCLUDING REMARKS

The advantages of combined analyses of incoherent scatter
radar and MST radar data for the purpose of understanding
the structure and dynamics of the plasma in the low-altitude
auroral zone ionosphere and the nature of VHF backscatter
from the mesosphere are apparent. The observations described
above demonstrate that the background electron density is
important in the generation of VHF echoes but that another
ingredient such as neutral turbulence is also a factor. Altitude
profiles of the magnetic field-aligned ion velocity from the F
region to the D region obtained with both radars show how
the diurnal tide in the neutral wind behaves from the thermo-
sphere through the mesosphere.

Although the Chatanika radar has been moved from its
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Alaska site, many other types of incoherent scatter radar data
were obtained at times overlapping the period of operation of
the Poker Flat MST radar. These data, which include some
direct observations of the vector electric field derived from
three-position measurements of the F region plasma drift, can
be utilized in future studies. Moreover, considering that meso-
spheric velocity data obtained by the Poker Flat MST radar
are affected to some degree by magnetospheric convection
electric fields, the Chatanika radar incoherent scatter data can
be used to eliminate periods of strong fields from MST radar
data that are included in neutral wind studies.
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