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Average patterns of convection, derived from Sondrestrom radar observations, reveal that ~the
interplanetary magnetic field dawn-dusk component (IMF B,) strongly influences the nighttime polar
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¥ convection. The convection for one orientation of By is not the mirror image of the other orientation. A
‘3 positive By seems to organize the velocities such that, at all local times, they are predominantly westward
¢ within the radar latitude range. On a case-by-case basis, auroral oval boundaries can be determined by

coincident DMSP particle data and by radar-measured E-region densities. On one occasion of positive By,
sunward flow (i.e., westward flow) is observed in the polar cap between dusk and midnight. For large
negative By, large southward velocities are observed about three hours before midnight. These are the only
b times when the predominant velocity component is clearly southward. When By is negative, in the
: midnight and dawn sectors, the plasma velocities appear random. However, the average drifts are mostly
southward. The radar average patterns are compared with theoretical predictions and recently proposed
. convection patterns. Although none of the models seem to reproduce the observed convections well, some
features present in the models are also seen in the radar data. oved 20T pu‘onoi{:';o
"\ apstritutionuniis

o Introduction

. There is little doubt that the interplanetary
, . magnetic field strongly influences the
: magnetospheric and ionospheric convection

Burch, 1985; Chiu et al., 1985; Friis-Christensen et
al., 1985]). The main focus of these papers was on the
noon sector, because this is where the connection
between the solar wind and the ionospheric plasma

(Svalgaard, 1968, 1973; Mansurov, 1969: Friis-

v @puChristensen et al., 1985 and references therein].
Q.However, the exact processes involved in the solar-
ind/magnetosphere coupling are not well known,

or is the exact response of the large-scale
nvection. Our inability to measure an
nstantaneous snapshot of the global convection
==—pattern has made it difficult to establish what
"‘"electric field configuration corresponds to each IMF
rientation. The range of possibilities is exemplified
gy the variety of convection patterns proposed in
c=~Fecent publications [Potemra et al., 1984; Reiff and
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is the most direct (e.g., Jorgensen et al., 1972, 1981,
Crooker, 1979]). In contrast, the nightside of the
polar convection has not been studied very
extensively. However, early works by Heppner
(1972, 1977] and Mozer [1974] indicate that the By
component has an effect on the nightside convection
as well.

The purpose of this paper is to examine the effect
of the IMF By component in the dusk, midnight, and
dawn sectors. Sondrestrom incoherent-scatter radar
measurements of plqsma drift in the auroral oval
and the polar cap are udsed. In a previous paper [de la
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Beaujardiére et al., 1985a] the effect of the B,
component was derived from a case-by-case
examination of the data. In this paper, we briefly
review the individual radar observations and then
show average convection patterns obtained by
binning the drift data for the two orientations of the
IMF By component. These patterns are compared to
the various models of convection that have been
proposed.

Ground-based observations of plasma convection
have an advantage over space-borne observations in
that they are continuous over long periods of time--
several hours or days. Furthermore, the incoherent-
scatter radars have an advantage over other ground-
based instruments such as magnetometers in that
they measure the ion velocity directly rather than
infer it using mathematical inversion techniques
that rely heavily on conductivities {Kamide and
Richmond, 1982]).

Observations

The radar data were obtained during 24-hr
continuous observations. The operating mode for
these runs is described in Wickwar et al. [1984).
Electric fields and profiles of ionospheric parameters
were measured between 68° and 82° invariant
latitude with a cycle time of about 20 minutes.

There is a total of 14 day-long experiments for
which the IMF data are available from the IMP-J
satellite. The data for four fairly typical days are
shown in Figures 1 and 2. The IMF components in
GSM coordinates are plotted on Figure 1, and the
radar-measured plasma drifts are in Figure 2. The
velocity vectors are color coded to show more clearly
the regions of sunward or antisunward flow. The
blue vectors are for eastward drifts, and the red
vectors for westward drifts. The IMF vectors in the
YZ plane are reproduced along the inside circle.
Positive B, point towards the center of the circle, and
positive By towards the west direction (see Figure
2d). The vectors are red and blue for positive and
negative By, respectively. DMSP particle data were
used to show the position of the auroral oval
(Gussenhoven et al., 1983]. The oval boundaries
were determined from coincident pas.es and are
indicated by wide blue arrows (these arrows tend to
disappear among the convection vectors; therefore,
the times at which the satellite passes occurred are
marked by a thinner arrow on the outside
periphery).

These four examples show the characteristics in
the convection patterns that have been seen in the
other Sondrestrom 24-hr runs. Figure 2 is taken
from de la Beaujardiére et al. (1985a] where these
observations are described in some detail. The
available data were averaged and the results are
shown in Figure 3a and 3b for By positive and
negative, respectively. The data were averaged in
bins of one degree by one hour. The drift components
were weighted according to their statistical
uncertainty. The selection was based on 10-min
IMF averages, and the times considered were offset
by 10 min to take into consideration the propagation
times.

The conclusions reached on a case-by-case basis
by de la Beaujardiére et al. [1985a) are still valid
when examining the averaged data. The main
features of the convection pattern illustrated both by
the four examples of Figure 2, and by Figure 3 can be
briefly described as follows:

(1) CaseB, > 0.

When B; is positive, the velocities are
predominantly westward within the radar field of
view at all local times (Figure 3a). Figure 2b offersa
clear individual example: By remained positive
throughout the observation period, and the radar
appears to remain under a large westward vortex for
24 hours.

A shear convection reversal is observed in the
morning cell. See, for example Figures 2b, 2¢, and
3a.

The observations of 23-24 April are discussed by
de la Beaujardiére et al. [1985b] who show that
between dusk and midnight on 23-24 April 1983,
sunward (westward) flow is observed within the
polar cap (Figure 2a). Following Gussenhoven et al.
(1981}, the auroral oval is taken as the region where
the integral number flux and the energy flux rise
noticeably above background. When considering
Sondrestrom data alone, the oval is defined as the
region where discernible E-region precipitation is
observed (i.e., where the density is above ~3 X 104
el/em3, in the absence of solar EUV production).

(2) Case B, <0.

In the midnight and dawn sectors, when By is
negative, the plasma velocities are small and
random in the individual observations (see 18
January, Figure 2d). The velocities also appear
quite irregular in the midnight and dawn sector of
the average pattern (Figure 3b) but, in the midnight
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sector, the dominant averaged component is often "n the dayside this model is Kknow with reasonab

southward. For large negative By, the afternoon cell accurancy, but not on the nighside where the
appears shifted toward early hours such that large position & strengh nf auroral Precipitation are

southward velocities are observed about 3 hours
before midnight, as in the case of 24 July (Figure 2c).
Large southward velocities are only observed in
these premidnight hours, when By is large and
negative.

A shear convection reversal is observed in the
afternoon cell (Figure 2a, 2¢, 2d, and 3¢), symetrical
to that seen in the morning cell when B, > 0.

In conclusion, the nightside convection is
strongly influenced by the By component. This
influence is quite complex. The color convention for
the IMF and drift vectors in Figure 2 reveals clearly
that a "red" (positive) By corresponds to a "red"
(westward) convection, and a "blue” (negative) B,
corresponds to a "blue” (eastward) velocity. In other
words, in the poleward edge of the oval and in the
polar cap, the drifts are mainly westward for
positive By, and eastward for negative By. However,
the convection for one orientation of By is not the
mirror image of that of the other orientation.

Discussion

We now compare the radar observations with
the various empirical models or schematic
convection patterns that have been published.
Examples of some recent models are shown in
Figures 4, 5, and 6, in two columns, with positive B,
patterns on the left, and negative By on the right.
The two pairs in Figure 4 are from Potemra et al.
{1979] and Maynard [1985]. In these works, the B,
component was not taken into consideration. The
patterns on Figures 5 and 6 are for negative and
positive B,, respectively. They are from Reiff and
Burch [1985), Friis-Christensen et al. {1985), and
Potemra et al. [1984].

The first impression one has when comparing
the observations with these various models, is that
in the nightside, none of the models match the
observations well. A possible reason for this poor
match is that most of these models are based on
observations close to noon. Even the electrostatic
potential configuration obtained by Friis-
Christensen et al. (1985] (Figures 5 and 6, lowest
panels), are mostly valid in the dayside, because the
potential function derived from magnetograms
depends greatly on the conductivity model adopted.

not well known. In the Heppner model shown by
Maynard [1985], the dayside convection has been
updated from the Heppner [1977] model with recent
DE-2 data but not the nightside convection. These
nightside patterns were based on Barium releases
and on OGO-6 measurements. OGO-6 only yielded
one component of the velocity, and, in addition, the
0GO-6 noon-midnight passes suffered from
spacecraft attitude problems (Maynard, 1974].
However, the Heppner and Friis-Christensen
models, which are based in part on nightside
observations, do not indicate that the pattern for one
sign of By is symmetric to that for the opposite B,.
This behavior is in disagreement with all the other
schematic patterns, but the Sondrestrom
observations confirm this lack of symmetry.
Interestingly, however, the radar observations seem
to indicate that the influence of the By component is
stronger than what is implied by Heppner's 'and
Friis-Christensen's models.

When considering only the dawn or dusk local
times, the simple Potemra patterns of Figure 4¢ and
4d correspond well to the observations. This is also
apparent in the Sondrestrom data shown by
Robinson et al. {1985]. A narrow convex cell with a
sharp convection reversal is located on the afternoon
side when By is negative, and on the morning side
when By is positive. A similar topology was also
observed by Heelis et al. [1983] using MITHRAS
data.

The convection pattern is also dependent on B,
and, possibly, B,, as well as season and substorm
disturbances. In particular, to examine how the B,
component affects the average patterns, the radar
observations were binned according to the sign of B,
as well as of By. The patterns appeared more noisy
and the number of vectors in several bins were too
small to allow conclusive determination of the
dependence on B,. However, these patterns
appeared very similar to the averages shown in
Figure 3. The main characteristics of the
observations summarized above remain valid. The
only noticeable difference was that the latitudes of
the reversals were lower for negative B,, as can be
expected.

One difficulty in comparing the observations
with the models is that the radar field of view can be
either in the auroral oval, or in the polar cap,
depending on the geomagnetic activity or,
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equivalently, on the -B, component. It is to alleviate
this difficulty that oval boundaries.are indicated in
Figure 2. However the definition of polar cap is
highly dependent on the physical parameters that
are measured and on the set of instruments used
(Torbertetal., 1981].

Sunward flow in the polar cap has been observed
experimentally [Maezawa, 1976; Heppner, 1977,
Burke et al., 1979; Burch et al., 1985], but most such
observations were in the dayside of the polar cap.
The Sondrestrom data seem to indicate that
sunward (westward) flows can occur around
magnetic midnight in the polar cap, where the polar
cap is determined by the DMSP and radar
observations.

Sunward drifts in the polar cap were also
predicted theoretically by Stern [1973], Lyons
(1985], Reiff and Burch [1985), and Chiu et al.
(1985]. In these models, the flow in the polar cap is
mostly  clockwise for positive B,, and
counterclockwise for negative By. The Sondrestrom
observations seem to be consistent with the former,
but zot the latter case.

The fact that the convection pattern appears
disorderly when By is negative, may be explained in
part by Lyons' model. The polar cap convection that
he infers for By < 0 is very complex. Because the
actual IMF components are not constant in time but
vary continuously, this pattern is highly variable.
As a result, as the various elements of this intricate
pattern move around, the observed drifts appear
disorderly.

The Potemra and Reiff patterns of Figures 5 and
6 show a complex cell topology. The fact that these
multiple cells are not readily apparent in the radar
data should not be taken as conclusive evidence that
they do not exist. The radar latitude is often too low
to see some of the reversals predicted in the polar
cap. Also, as pointed out by Burch et al. [1985], the
viscous cell (marked V in Figures 5 and 6) can be
extremely narrow and, thus, could have been missed
by the radar whose spatial resolption is about 100
km at the farthest latitudes.

Conclusion

In conclusion, these Sondrestrom observations
reveal that the IMF B, component strongly
influences the nightside polar convection. Various
models were compared with the radar observations.
Although none of them offer a very good match,
some features from each model are found in the
observations:

® When By > O, the velocities are predominantly
westward, at all local times. This is in
agreement with schematic diagrams [Potemra et
al., 1979, 1984; Reiff and Burch, 1985}, and with
theoretical predictions (Stern, 1973. Lyons,
1985; Chiuetal., 1985].

® When By < O, the convection is small and
appears random. This is akin to Birkeland-
current observations by Zanetti et al. [1984], and
may be explained in part by Lyons [1985].

® There is a tendency to observe velocity shears in
the morning (evening) convection cells for
positive (negative). This matches well the
Potemra et al. [1979] sketch.

® In the nightside, the convection for one
orientation of By is not symmetric to the pattern
for the other orientation. This asymmetry is in
disagreement with most schematic patterns
proposed, but it is present in the empirical
models of Heppner [1977] and Friis-Christensen
etal. (1985].
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Figure Captions
Fig. 1. IMF parameters (GSM coordinates) from the IMP-J spacecraft for the four periods of Figure 2.

Fig. 2. Plasma drift and IMF By and B, vectors for four typical examples. Red (blue) is for west (east)
velocity, and for positive (negative) By. The thick blue arrows indicate the poleward or
equatorward boundaries of the auroral oval, as determined from coincident DMSP passes.

Fig. 3. Average of ion drifts measured by the Sondrestrom radar, for By positive and negative.
Fig. 4. Convection patterns for the two orientations of By, derived independently of B,.
Fig. 5. Convection patterns for B, negative.

Fig. 6. Convection patterns for B, positive.
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