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1. Introduction

In their paper, Denig et al. [1993] (hereafter referred to as
DEA) present a case study of some dayside auroral transi-
ents, using optical observations from the ground with in situ
data from several Defense Meteorological Satellite Program
(DMSP) satellites. Their primary conclusion is that the
contribution of these events to the total ionospheric convec-
tion is small, contrary to recent findings for different events
by Lockwood et al. [1990a].

In this comment, we do not necessarily take issue with
this conclusion for the particular events DEA discuss. This
is because these events were small and would not have
elicited much attention, were it not for the timing of the pass
of the DMSP F9 satellite. However, there are some consider-
ations which do cast DEAs’ estimates doubt, even for these
events, and they are raised here in section 3. The main point
of this comment, discussed in section 2, is that we believe
the reasoning employed by DEA to be incorrect and that this
is an important point of principle. Also, in section 4, we clear
up the exact nature of the "suggestion” which DEA attribute
to Lockwood et al. [1990b].

The last paragraph of the conclusion by DEA is curious
and shows a need to clarify terminology. Having concluded
that the putative Flux Transfer Event (FTE) signatures are
insignificant, DEA (p. 5979) state "The concept of continu-
ous or quasi-steady merging which is varying both temporal-
ly and spatially is more applicable for the present auroral
activity." However, because it refers to the transfer of
magnetic flux from the closed to the open regions, the term
flux transfer event is synonymous with a "a pulse of
enhanced magnetopause reconnection.” (Note that DEA use
the term "merging", whereas we prefer "magnetopause
reconnection”, thereby retaining Dungey’s original terminol-
ogy [Dungey, 1953] which is employed in all other branches
of plasma physics). Hence the periods of enhanced
reconnection during temporally-varying continuous
reconnection are, by definition, FTEs. (Some scientists do not
believe that the characteristic field and particle signatures at
the magnetopause, also termed FTEs, are really due to pulses
of enhanced magnetopause reconnection, but that is an
entirely separate issue). The question that Lockwood et al.
[1990a] were addressing is this: "how much do FTEs
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contribute to convection?", which can equivalently be stated
as "how variable is the magnetopause reconnection voltage?".
Note therefore if we refer to reconnection being entirely
pulsed, this means that FTEs are the dominant contribution
to convection (the only other being the small viscous-like
voltage). Only in this limit of the general behavior does the
reconnection cease to be continuous. Smith et al. [1992] have
stressed that steady and entirely pulsed reconnection are
simply two limits of general reconnection behavior.

2. The Evaluation of the Importance of FTEs
To Convection

DEA measure the potential across three transient arc
fragments seen in the 557.7-nm auroral light. They do this by
integrating the along-track electric field (corresponding to the
cross-track drift), as measured by the DMSP F9 satellite,
across the extent of these arc fragments. They find that these
three voltages are smaller, by a factor of about 20, than the
total transpolar voltage measured, 20 min. earlier in the other
hemisphere, by the DMSP F8 satellite.

Because the F9 satellite is moving roughly northward (in
geomagnetic coordinates - see their Figure 1), the voltages
DEA quote are associated with east-west flows in the
ionosphere. These east-west flows are caused by the magnet-
ic "tension” force on newly opened field lines and are the F
region flow equivalent of the Svalgard-Mansurov effect in E
region currents [Atkinson, 1972; Jgrgenson et al., 1972;
Cowley, 1981]. The magnitude of this east-west flow, and
therefore the magnitude of the voltage estimates by DEA,
depend upon the IMF B, component (which is not known in
this case). It is important to note therefore that these voltages
would fall to zero if that component were to be zero. In other
words, for B, = 0, DEA would observe no voltage across the
events, even were the dayside reconnection to have been
entirely pulsed.

Lockwood et al. [1990b] make the point that it is not the
instantaneous flow voltage which is relevant when evaluating
the importance of FTEs to convection. Rather, the relevant
voltage is the rate at which open flux is added to the polar
cap by the reconnection bursts. If additional open magnetic
flux F (in Webers) is produced by a reconnection pulse
(FTE) lasting 8¢ (seconds), the reconnection voltage during
that pulse is F/8t (volts). However, the contribution of such
events to the average rate at which flux is opened is F/1,
where T is the event repetition period. Averaged over
substorm cycles, this average magnetopause reconnection rate
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will equal the average value of the transpolar voltage, that is,
steady state concepts apply on these time scales (see dis-
cussion by Lockwood and Cowley [1992]). The evolution of
the flow following an isolated pulse of magnetopause
reconnection (i.e., the ionospheric flow signature of an FTEs)
has been discussed by Cowley et al. [1991] and Smith et al.
[1992], allowing for the inductive smoothing of the iono-
spheric flow. A series of such pulses, sufficiently close
together in time (of the order of 5 min), would excite
relatively steady dayside flow for B, approximately equal to
Zero.

We note, in passing, that the concept used by DEA of
subtracting a background value from the flow voltage
(associated with an FTE signature at any one instant) is not
appropriate. This is because the motion of an FTE signature
is set by the IMF strength and orientation, the solar wind
speed and the ionospheric drag. Any background
reconnection rate (between the pulses) will not cause the
ionospheric FTE signature to move faster.

3. An Alternative Explanation of the Events
Presented by DEA

Given the general principle outlined in section 2, it is not
of great importance whether or not the particular events
reported by DEA are, in fact, greater contributors to the
overall convection pattern than they estimate. However, we
note that the 557.7-nm transient seen 5 min before the three
fragments studied by DEA is a considerably clearer and
larger event. In addition, given that the important voltage is
the average "flux addition rate" (F/t), as described in the
previous section, it is important to estimate the full area of
each ionospheric event, A, from which we can calculate the
added flux F = B, A, because the ionospheric field B, is
effectively constant.

DEA only consider the three arc fragments where there is
significant 557.7-nm emission. In all dayside transient events
for which simultaneous ion drift measurements were made by
the EISCAT radar, the 557.7-nm emissions were found to be
in the region of upward field-aligned current of the
oppositely directed pair required to transfer the flow burst
momentum to the ionosphere {Sandholt et al., 1990; Lockw-
ood et al., 1993a]. This means that DEA may be considering
three filamentary upward field line currents on the edge of an
FTE signature, rather than an FTE signature itself. Because
the events move westward, the 557.7-nm emission would be
on the poleward edge of the region of newly opened flux.
We would expect such a region of newly opened flux to be
filled with soft magnetosheath electron precipitation (cusp),
which would give 630-nm aurorae with only very low levels
of 557.7-nm emission [Cowley et al., 1991]. Such a region is
reported equatorward of the 557.7-nm arc fragments, but is
described by DEA as a "stable" background 630-nm arc.
However, inspection of DEA’s Figure 2 shows that this arc
is not stable, in that it forms around 0725 UT (just 5 min
before the 557.7-nm transients) while what previously was
the "background" arc moves poleward in a transient event.
Similar behavior is observed in other westward traveling
events and was explained by Lockwood et al. [1990a] as
being due to the dominantly 630-nm transient (the region of
newly opened flux) being more extensive (in both longitude
and latitude) than the dominantly 557.7-nm emissions (the
region of upward field-aligned current). As a result of its
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greater longitudinal extent, the enhanced 630-nm emission
arrives at the observed meridian before the 557.7-nm
transient. Note that the 630-nm emissions which DEA report
in the same locations as the 557.7-nm arc fragments will be
the few unquenched red-line emissions which must accom-
pany the 557.7-nm emission. These emissions arise from the
shortest of the distribution of radiative lifetimes of the
excited metastable 'D, state of atomic oxygen atoms. (The
average of this distribution is 110 s, but a few emissions will
occur almost immediately after a 557.7-nm emission has left
that atom in the 'D, state and before it collides).

Were we therefore to consider the region of newly opened
flux to appear at the Ny Alesund meridian at 0725 UT (the
onset of the 630-nm transient), and its centre (with the peak
upward field-aligned current and associated 557.7-nm aurora)
to reach this meridian at 0730, the mean westward flow
speed seen by F9 (about 1 km s') yields an east-west extent
of the event of 600 km. Using the 200 km north-south extent
of the "stable" arc reported by DEA, we would then estimate
the total newly opened flux in the event to be 6 x 10° Wb.
Given that Figure 2 of DEA shows a clear prior event
commencing at about 0722, this gives a repetition period of
7 =3 min and a contribution to convection of 33 kV. This is
a much more significant fraction of the flux transfer rate
across the central polar cap (i.e., the transpolar voltage)
observed by F8 than was estimated by DEA. Note also that,
at any one instant, the transpolar voltage and the magnetop-
ause flux transfer rate are not generally equal: the former will
be the larger if the sunward half of the polar cap was
contracting in size during the interval T over which the
average dayside reconnection voltage (F/T) was estimated
[Lockwood and Cowley, 1992].

4. What is Suggested About FTEs as a Source
of Convection?

DEA cite a paper by Lockwood et al. [1990b] as the origin
of the suggestion that FTEs are a dominant contribution to
convection. In fact, this paper deals with the two-source
nature of ionospheric convection (driven by magnetopause
reconnection and reconnection in the central current sheet of
the geomagnetic tail), as revealed by the two response times
of convection to changes in the IMF B, component. No such
suggestion was made in this paper. However, in another
paper (not cited by DEA), Lockwood et al. [1990a] did
estimate the "average flux-addition rate" (F/t) associated with
auroral transients and flow bursts seen by the EISCAT radar.
These voltages were considerable (25-50 kV) and hence the
concept put forward by these authors (that these events were
a major contributor to ionospheric convection) was only a
"suggestion,” mainly because measurements of the average
transpolar voltage were not actually available to us. Note that
in these cases the IMF B, component was strongly positive
and, as a result, very large flow voltages were seen across
each of the FTE signatures (up to 80 kV). The dominantly
557.7-nm transients were always on the poleward edges of
these events, coincident with the inferred upward field-
aligned current [Sandholt et al., 1990; Lockwood et al.,
1993al].

The discussion in section 3 employs the area, A, of
patches in the ionosphere which have been inferred (because
of their pattern of motion and the soft electron precipitation)
to be newly opened flux. The uncertainties with these
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estimates arise from the complex three-dimensional structure
of the 630 nm auroral emissions and the limited field-of-view
(instrument sensitivity falls rapidly at large zenith angles)
[Lockwood et al., 1993a]. Full solution of such problems
requires tomographic optical techniques over an extended
range of longitudes and high-time-resolution convection
measurements over a two-dimensional grid of locations.
Nevertheless, we believe that the method has already shown
that dayside transients can, at least sometimes, be a signifi-
cant, and possibly the dominant contribution to convection
[Lockwood et al., 1990a; 1993a].

Lastly, we point out that this conclusion has also been
reached using an entirely independent technique. Lockwood
and Smith [1992] have used cusp ion spectrograms to show
that the dayside reconnection is sometimes entirely pulsed,
that is, that the only reconnection taking place at one point
on the magnetopause was in a series of discrete pulses. This
condition has also been shown to be associated with polew-
ard moving transient ionospheric electron temperature
enhancements [Lockwood et al., 1993b]. These would give
rise to poleward moving 630-nm transients, detectable at
winter solstice, because of the thermal excitation of the 'D,
state of atomic oxygen by the hot tail of the heated iono-
spheric electron gas (see discussion by Lockwood et al.
[1993a]).
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