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[1] In this study we first identify earthward plasma sheet fast flows from Geotail plasma
and magnetic fields with a criterion of V?x > 300 km/s, where V?x is the X component of
the plasma flow perpendicular to the ambient magnetic field. We then estimate rates of
change of the nightside auroral power over the courses of the fast flows using Polar
Ultraviolet Imager auroral images. It is found that 68 earthward fast flows observed at
jYj < 6 RE during 1997–1998 can be classified into two classes. One class of the earthward
fast flows (Class I) was often observed near X = ��10 RE and the other class
(Class II) was found at X < �15 RE. The auroral power rates of change of the fast flows in
Class I in terms of time are found to be high, indicating that the total auroral power on the
nightside was significantly increasing during these fast flows. The corresponding auroral
images show an apparent substorm bulge developed on the nightside, i.e., a significant
global auroral development. The auroral power rates for most of the earthward fast flows
in Class II are low. The auroral features, such as poleward boundary intensifications
and pseudobreakups, are found to be associated with these fast flows. Some of the
earthward fast flows in Class II can propagate earthward and provide a favorable condition
for a substorm onset, leading to an auroral bulge developed on the nightside. We have
also tested another criterion of VxBz > 2 mV/m for an identification of fast flows, where Vx

is the X component of the plasma flow and Bz is the Z component of the geomagnetic
field. It is found that V?x is a better parameter than VxBz to differentiate the two classes of
earthward fast flows in the plasma sheet.
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1. Introduction

[2] The properties of plasma and magnetic fields in the
near-Earth region vary in response to changing solar wind
conditions and the state of the magnetosphere. The mag-
netotail is stretching and the magnetospheric convection is
enhancing when the interplanetary magnetic field is south-
ward. The magnetospheric configuration becomes dipolar-
ized after a substorm expansion onset occurs. The energy
stored in the magnetotail is then suddenly released into the
high-latitude ionosphere, causing an auroral bulge on the
nightside. This auroral bulge is commonly considered as
the main auroral feature for a substorm. For some cases, a
substorm cannot develop to a full-scale one. The auroral

brightness lasts only a few minutes and dies down, or
brightens intermittently. These auroras are usually called
pseudobreakups [Akasofu, 1964] or small substorms. The
main feature of a pseudobreakup displayed in global
auroral images is a bright spot. The poleward boundary
intensification (PBI) is another type of aurora, mainly
occurring at the poleward edge of the auroral oval in the
premidnight sector. The PBI can occur at all phases of
substorms [Lyons et al., 1999].
[3] The speed of plasma flows in the plasma sheet is

normally slow [Huang and Frank, 1986; Baumjohann et al.,
1988, 1989]. In some occasions, the plasma flows may
exceed 400 km/s [Baumjohann et al., 1990; Angelopoulos et
al., 1992]. Several physical mechanisms can interpret the
generation of fast flows in the plasma sheet. Nagai et al.
[1998] and Machida et al. [1999] used the near-Earth
magnetic reconnection [Hones, 1976] to interpret the earth-
ward fast flows with the northward geomagnetic fields and
the tailward fast flows with the southward geomagnetic
fields observed at 20–30 RE down the tail. Through the
magnetic reconnection mechanism, the energy of the mag-
netic fields is converted to the kinetic energy, i.e., the
plasma is accelerated to the high speed. Lui et al. [1993]
proposed a force imbalance caused by the current disrup-
tion mechanism to interpret the earthward fast flows
observed near X = ��10 RE. The generation of the
earthward fast flows can be also interpreted by the plasma
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bubble mechanism [Chen and Wolf, 1993]. A localized
bubble originated in the distant tail moves earthward at
high speed owing to the polarization electric fields in the
bubble. In addition, the magnetic reconnection in the
distant tail [Nagai and Machida, 1998], a retreat of the
tailward fast flows generated by a near-Earth neutral line
[Baumjohann et al., 1999], and an enhancement of large-
scale ultra-low frequency waves in the magnetosphere
[Lyons et al., 2002] are the possible mechanisms for the
generation of earthward fast flows.
[4] The fast flows, in nature, are transient [Baumjohann

et al., 1990; Angelopoulos et al., 1992; Ohtani et al., 2004]
and spatially localized [Angelopoulos et al., 1997; Slavin et
al., 1997]. The occurrence rates of the fast flows for
disturbed times are larger than those for quiet times
[Angelopoulos et al., 1994]. The earthward fast flows are
believed to play an important role in the magnetic flux
transport [Angelopoulos et al., 1992, 1994, 1999; Miyashita
et al., 2003].
[5] Relationships between plasma sheet fast flows and

auroras were studied by using Geotail plasma and mag-
netic fields, and Polar Ultraviolet Imager (UVI) auroral
images after the Polar satellite was launched. Lui et al.
[1998] first identified substorm auroral breakups using the
Polar UVI images, and then examined the Geotail data for
the existence of fast flows in association with the auroral
breakups. They found that the fast flows were not always
present during the periods of the substorm breakups. Ieda
et al. [2003] first searched for quiet intervals using the
Polar UVI images, and then examined the existence of fast
flows. The fast flows were rarely found in the quiet
intervals identified in their study.
[6] The relationships between plasma sheet fast flows and

auroras were also studied in an opposite way, i.e., first
identifying fast flows, and then examining their associated
electrojets or auroral activities. Fairfield et al. [1999] found
that auroral brightenings developed near the foot point of
Geotail where the earthward fast flows were observed in the
magnetotail. Nakamura et al. [2001] concluded that all the
earthward fast flows were associated with the localized
auroral activations such as pseudobreakups or PBIs. The
localized auroral activations can be explained by a current
wedge created by a shear at the outer edge of a fast flow
[Birn and Hesse, 1996]. It should be noted that Nakamura
et al. [2001] did not include the events of full-developed
substorms in their data set. Thus their conclusion is valid
only for the weak auroral activations. Shue et al. [2003]
found that half of the earthward fast flows are associated
with decreasing auroral power integrated over a nightside
region using Polar UVI auroral images. They also found
some earthward fast flows occurred during the periods of no
auroral activations. It is interpreted that the earthward fast
flows can create a favorable condition for a development of
a substorm expansion onset [Ohtani et al., 2002], implying
that the earthward fast flows may not have a direct contri-
bution to the substorm aurora. Shay et al. [2003] used a 3-D
two-fluid code to simulate the magnetic reconnection,
which is a mechanism for the generation of fast flows.
They concluded that the thickness of the initial current sheet
in the magnetotail may ultimately determine the scale size
(localized or global) of the magnetic reconnection.

[7] It is still under debate whether the earthward fast
flows are associated with the auroral brightening and further
development. Some previous studies [e.g., Angelopoulos et
al., 1992, 1994, 1999; Miyashita et al., 2003] positively
support the statement, but some claim or imply a lack of
supports [e.g., Paterson et al., 1998; Lui et al., 1999;
Nakamura et al., 2001; Ohtani et al., 2002]. In particular,
Lui et al. [1999] showed that near-Earth dipolarization can
occur without any significant flows preceded. From these
studies, there seems to have a tendency of two classes of the
earthward fast flows. One class is associated with the global
auroral development and the other is associated with the
localized auroral activations. To our knowledge, no research
has been performed to systematically investigate the two
classes of the earthward fast flows in the same study. In
addition, we have investigated the dependence of the
earthward fast flows on X in the GSM coordinate system
and their associated auroral features in the noon-midnight
meridian.

2. Data Reduction

[8] In this study we use the 12-s average low energy
particle (LEP) data [Mukai et al., 1994] and magnetic field
(MGF) data [Kokubun et al., 1994] to identify earthward
fast flows in the plasma sheet. We also use the Polar UVI
auroral images at the Lyman-Birge-Hopfield long band
(�170.0 nm) [Torr et al., 1995] to determine the auroral
features associated with the fast flows. Two years of the
Geotail data and Polar images (1997–1998) were surveyed.
[9] We define an earthward fast flow as V?x > 300 km/s,

where V?x is the X component of the plasma flow
perpendicular to the ambient magnetic field. The blue
horizontal line on the V?x panel in Figure 1a denotes the
threshold of 300 km/s for fast flows. The starting time of an
event is designated as the time of the first data point with
V?x > 300 km/s. Since Geotail was not always residing in
the plasma sheet, we imposed a criterion of b > 0.5 on the
Geotail plasma and magnetic fields [Baumjohann et al.,
1990; Angelopoulos et al., 1994; Ohtani et al., 2004] to find
the region of the plasma sheet, where b is the ratio of the
plasma pressure to the magnetic pressure. The threshold of
b is marked by the blue horizontal line on the b panel in
Figure 1a. We also used the criterion of jYj < 6 RE for
choosing the events near the noon-midnight meridian.
[10] The interval for each event is 30 min, starting from

15 min before to 15 min after the starting time of the fast
flows. Since the time resolution of Polar UVI images is
�3 min, it should have eleven images in the 30-min interval
for each event. If the number of corresponding images for
an event is less than nine images, we discard the event. Six
Polar UVI auroral images have been plotted to show the
auroral development for each event, see Figure 1b.
[11] The auroral power is estimated over a region of 60–

80� MLAT and 2000–0400 MLT for each UVI image. We
fit a straight line to all the available auroral power with a
least squares method for each event. The slope of the line,
as plotted in red in Figure 1c, is interpreted as the auroral
power rate of change. A distribution of the 68 earthward fast
flows in terms of the locations in the X-Y plane of the GSM
coordinates is plotted in Figure 2. More events are found at
X < �15 RE than at X > �15 RE. Lacks of events in the
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Figure 1. Observations of Geotail plasma and magnetic fields and Polar Ultraviolet Imager (UVI)
auroral images for the 4 September 1997 event. (a) Geotail data have been shifted to the starting time of
the fast flows, as marked by the vertical dash line. (b) The timings of Polar UVI auroral images have been
shifted to the starting time of the fast flows. Negative (positive) timings marked on the left of the auroral
images denote the time of the images taken before (after) the fast flow occurred. (c) Integrated auroral
power is plotted against timing. A vertical bar on the auroral power indicates the uncertainty of the mean
auroral power. The data points for the mean auroral power are fitted to a red line by a linear least squares
method. The slope of the line is marked on the top.
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premidnight at �19 to �26 RE region and the postmidnight
at �11 to �18 RE region are mainly due to the unavailabil-
ity of the corresponding Polar UVI auroral images to the
events.
[12] The data sets and the selection criteria used in this

study are the same as those of Shue et al. [2003]. For more
information on the processing of the data sets and the
selection criteria, the readers are referred to Shue et al.
[2003].

3. Results

[13] We have identified 68 earthward fast flow events
during which Geotail was located at the region of jYj < 6 RE

down the tail and Polar had the corresponding auroral
images to the events. The occurrence rates of the earthward
fast flows have been normalized by the total observation
time of Geotail spent at the region with the availability of
the Polar auroral images. These occurrence rates have been
plotted in terms of X in the GSM coordinate system in
Figure 3. The occurrence rates are, in general, decreasing as
Geotail comes closer to the Earth. However, the occurrence
rate for X =�10 RE is almost the same as that for X =�15 RE.
The uncertainty, marked as a vertical bar, is estimated from
the square root of the number divided by the total observa-
tion time for each bin [Shiokawa et al., 1997]. Although the
occurrence rate from X = �15 RE to X = �10 RE has almost
no change, we believe that there is some physical meaning
in it when we consider the factor of the higher magnetic
field pressure, which can slow down the speed of the fast
flows, as the earthward fast flows come closer to the Earth.
Under these circumstances, the occurrence rate at X =�10 RE

is supposed to be much smaller than what it has now been
shown if there is no additional mechanism that generates
earthward fast flows at X = ��10 RE. This discussion is
also supported by Figure 1a of Shiokawa et al. [1997],
which shows that the occurrence rate of high-speed bulk
flows for X = �10 RE is higher than that for X = �15 RE.
[14] In Figure 4, the auroral power rate has been plotted

against X for all the 68 earthward fast flow events. The
distribution of the auroral power rate can be divided into
two classes. The fast flows in the first class (Class I) are
found to be located at X > �15 RE. The auroral power rates
for all the events in Class I are high. However, the
earthward fast flows in Class II are found to be located at

X < �15 RE. The auroral power rates for most of the events
in Class II are low, but a few of them are high.
[15] We will show one earthward fast flow event in Class I

and three earthward fast flow events in Class II for a
demonstration of relationships between the auroral features
and fast flows.

3.1. Earthward Fast Flow Event in Class I

[16] Figure 1 shows Geotail plasma and magnetic fields
and Polar UVI auroral images for an event of the earthward
fast flow in Class I for 4 September 1997. Geotail, which
was located at X = �10.0 RE, observed an earthward fast
flow at 1021:24 UT. Geotail data have been shifted to the
starting time of the fast flow in which the zero timing is
designated. Positive (Negative) timings denote after (before)
the fast flow occurred. The values of b were greater than 0.5

Figure 2. A distribution of the earthward fast flows in the X-Y plane in the GSM coordinate system.
Diamonds denote the locations where Geotail observed the earthward fast flows (V?x > 300 km/s).

Figure 3. Occurrence rates of the earthward fast flows in
terms of X in the GSM coordinate system. The occurrence
rates have been normalized by the total observation time of
Geotail at jYj < 6 RE down the tail with the availability of
Polar UVI auroral images. The uncertainty, marked as a
vertical bar, is estimated from the square root of the number
divided by the total observation time for each bin. The
change of the occurrence rates is consistent with that shown
in Figure 1a of Shiokawa et al. [1997].
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during the event, indicating that Geotail was in the plasma
sheet.
[17] Polar UVI auroral images taken during this fast flow

event are shown in Figure 1b. Some auroral activities on the
nightside occurred before the onset time of the fast flow. We
used the Tsyganenko [1989] magnetospheric model to map
the foot point of Geotail, as marked by the diamond on each
image. It should be noted that the accuracy of the mapping
of the foot point of Geotail depends upon the accuracy of a
magnetospheric model. Moreover, a spot on the pre-existing
aurora at premidnight began to brighten at the starting time
of the fast flow (not shown) and continued developing to an
auroral bulge. The foot point of Geotail was located at
postmidnight.
[18] We estimated auroral power for each of the 11 images

taken during the event. The auroral power has been plotted
against timing in Figure 1c. There was a significant increase
in the auroral power, from �12 to 22 Gigawatts (GW), near
the starting time of the earthward fast flow.We also estimated
the uncertainty for the auroral power, as marked as the
vertical bar on each data point of the auroral power. We fit
a straight line to these data points by using a least squares
method. The slope of the fitted line is 0.72 GW/min.
[19] For all the events in Class I, an auroral bulge always

appears on the nightside, which results in a large auroral
power rate, i.e., high auroral energy into the ionosphere.

3.2. Earthward Fast Flow Events in Class II

[20] Figure 5 shows Geotail plasma and magnetic field
and Polar UVI auroral images for an event of the earthward
fast flow in Class II for 21November 1997. Geotail observed
a fast flow at 1843:50 UT, as shown in Figure 5a. Geotail was
located at X = �19.3 RE. The local magnetic fields were
northward (not shown) and the values of b were >0.5 during

the event. The foot point of Geotail was located at post-
midnight.
[21] The auroral activity was weak before the fast flow

occurred, as shown in Figure 5b. A small auroral spot,
which is usually called a pseudobreakup, appeared near the
foot point of Geotail at the zero timing. The auroral spot
lasted �6 min, and then faded its intensity to the back-
ground value. Figure 5c shows that the integrated auroral
power increases slightly at the starting time of the fast flow.
The auroral power rate for this event is 0.02 GW/min. This
event clearly shows an association of an earthward fast flow
with a localized auroral activation of pseudobreakups near
the foot point of Geotail.
[22] Geotail observed a series of fast flows at X = -18.9 RE,

starting from 2148:48 UT during the 26 November 1997
event, as shown in Figure 6a. The local magnetic fields were
northward (not shown) and the values of b were >0.5 during
the event. The foot point of Geotail was located at premid-
night. Figure 6b shows that a PBI had already been
activated at -16 min at premidnight before the fast flows
occurred. Its intensity was then decreasing until the fast
flows occurred. The intensity of the PBI increased again and
started decreasing 6 min later. The increase in the intensity
of the PBI was reflected in the increase in the auroral power,
as shown in Figure 6c. This event clearly shows an
association of the earthward fast flows with a localized
auroral activation of the PBI.
[23] In Class II, most of the events are associated with

low auroral power rates. However, a few of them are
associated with high auroral power rates. Figure 7 shows
one example of such events in which the auroral power rate
is high. Figure 7a shows that the fast flows, which were
detected by Geotail at X = �28.5 RE, began at 1411:54 UT,
29 January 1997. The high auroral power rate for this event
is due to an appearance of the auroral bulge at premidnight at
�4min before the fast flows occurred, as shown in Figure 7b.
The resulting auroral power rate marked in Figure 7c is
0.84 GW/min. Interestingly, a pseudobreakup occurred at
postmidnight near the foot point of Geotail. Thus the
earthward fast flow observed at postmidnight is most likely
related to the pseudobreakup at postmidnight, not the
auroral bulge at premidnight.

4. Discussion

[24] We have obtained that the occurrence rates of the
earthward fast flows are decreasing as Geotail moves closer
to the Earth at X < �15 RE. This result can be interpreted by
the braking of the earthward fast flows [Shiokawa et al.,
1997]. The earthward fast flows observed at �15 > X >
�30 RE can be related to various generation mechanisms
such as the near-Earth magnetic reconnection [Hones,
1976], the mid-tail current disruption [Lui et al., 1991],
polarization electric fields [Chen and Wolf, 1993], the
magnetic reconnection in the distant tail [Nagai and
Machida, 1998], a retreat of tailward fast flows [Baumjohann
et al., 1999], and enhancements of large-scale ULF oscil-
lations [Lyons et al., 2002]. As the plasma flows move
closer to the Earth, the flow speed will slow down due to the
stronger magnetic pressure near the Earth [Shiokawa et al.,
1997]. A recent study by Ohtani et al. [2006] concluded that
most of fast flows do not affect anything around the

Figure 4. Auroral power rates of change estimated over
the courses of earthward fast flows (V?x > 300 km/s) in
terms of X in the GSM coordinate system. The auroral
power is integrated over a region of 60–80� MLAT and
2000–0400 MLT.
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geosynchronous orbit. Interestingly, in Figure 3, the
occurrence rate for X = �10 RE is almost the same as
that for X = �15 RE. This result can be interpreted as that a
current disruption occurred near X = ��10 RE can cause a
force imbalance which results in an acceleration of the
plasma to a fast speed [Lui et al., 1993].
[25] Figure 3 shows that the occurrence rates of the

earthward fast flows are, in general, decreasing as Geotail
comes closer to the Earth, implying that it is difficult for the
fast flows to propagate to X = ��10 RE when one is created

at X = ��30 RE. The earthward fast flows observed at X =
��10 RE are likely related to the local mechanism. The
current disruption mechanism is a candidate to create the
earthward fast flows. Either the braking of the earthward
fast flows generated at X < �15 RE or some instabilities can
trigger the current disruption. The current disruption can
subsequently generate an earthward fast flow atX=��10RE.
[26] All the earthward fast flows in Class I are related to a

high auroral power rate of change in terms of time. The
corresponding auroral images to the events indicate that

Figure 5. Observations of Geotail plasma and magnetic fields and Polar Ultraviolet Imager (UVI)
auroral images for the 21 November 1997 event. The format is the same as that for Figure 1.
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there was an auroral bulge developed on the nightside, an
indicator of a substorm. This result is consistent with the
result by Angelopoulos et al. [1999] who found that the
current disruption and fast flows are qualitatively similar
phenomena in the near-Earth tail (X = ��10 RE). Both
phenomena are associated with the occurrence of a sub-
storm. Thus this class of earthward fast flows plays an
important role in the global auroral development.

[27] Most of the earthward fast flows in Class II are
related to a low auroral power rate of change. The associ-
ated auroral features are pseudobreakups or PBIs, which is
consistent with the results by Nakamura et al. [2001]. They
have concluded that all the earthward fast flows in their data
set correspond to the localized auroral activations. Our
events shown in Figures 5 and 6 are consistent with their
results. Note that their data set did not include the events of
large substorms. All these results imply that most of the

Figure 6. Observations of Geotail plasma and magnetic fields and Polar Ultraviolet Imager (UVI)
auroral images for the 26 November 1997 event. The format is the same as that for Figure 1.
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earthward fast flows in Class II do not play an important
role in the global auroral development.
[28] There are still a few earthward fast flow events in

Class II associated with high auroral power rates of change,
which indicates an auroral bulge developed on the nightside
and the current disruption occurred at X = ��10 RE. We
suspect that the earthward fast flows observed at X <�15 RE

are not directly related to the auroral bulge. If we had
simultaneous observations near X = ��10 RE for these
events, we would observe an earthward fast flow for the

auroral bulge. Unfortunately, we currently do not have such
simultaneous observations to verify this speculation. Our
hypothesis is that the earthward fast flows in Class II create
only the localized auroral activations. An auroral bulge may
coincidently occur with the earthward fast flow observed at
X < �15 RE, which results in the high auroral power rate for
the event. We plan to examine the existence of an earthward
fast flow at X = ��10 RE when an auroral bulge is found on
the nightside by using the ground-based images and multi-
ple satellite data from the THEMIS mission in the future.

Figure 7. Observations of Geotail plasma and magnetic fields and Polar Ultraviolet Imager (UVI)
auroral images for the 29 January 1997 event. The format is the same as that for Figure 1.
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[29] Whether or not the earthward fast flows in Class II
play an important role in the global auroral activation
depends upon how we view the problem. If we consider a
fast flow itself on the way to X = ��10 RE, the direct
consequence of a fast flow is the localized auroral activation
[Nakamura et al., 2001]. This fast flow, therefore, does not
play an important role in the global auroral activation. If we
consider a substorm triggered by the braking of the fast flow
[Shiokawa et al., 1997], the indirect consequence of the fast
flow is the global auroral activation. Note that the strength
of a substorm auroral bulge is much more intense than a
localized auroral activation. When the substorm is develop-
ing, the development of the localized activation will not be
clearly seen unless the two types of the auroral activations
are separated at a large distance, like the event shown in
Figure 7.
[30] It should be noted that we derive the auroral power

rates of change over the courses of earthward fast flows for
our study. The auroral power can be used to evaluate the
large-scale impact of the localized fast flows in terms of the
auroral energy into the high-latitude ionosphere. The auroral
power may increase slightly in response to a localized
auroral activation related to a fast flow, see the events
shown in Figures 5 and 6.
[31] The magnetotail is commonly highly structured and

time-varying. Simulations [e.g., Shay et al., 2003] show a
large variety of fast flows occurring in different locations at
the same time. Since we have limited observations in the
tail, we cannot observe every one of the fast flows. With the
limited number of the flows observed by Geotail, it is often
difficult to tell whether the fast flows are associated with the
local or global auroral activations. We have found several
events (Class II) in which a full-developed substorm

appears after the occurrence of the fast plasma flows. The
fast flows may establish a favorable condition for the current
disruption process to proceed, and therefore the substorm
may develop following the generation of the fast flows
[Ohtani et al., 2002].
[32] Six events in Class I (�8 > X > �12 RE) may be

insufficient for a quantitative evaluation. However, all these
events show a consistent feature of high auroral power rates
of change. We have tried to add more events for Class I by
relaxing our criterion of ‘‘nine or more images’’ to ‘‘three or
more images’’ for event selection. This relaxation has
enabled us to find two more events. From examining the
Polar UVI images for the two events, an auroral bulge on
the nightside was observed. The resulting auroral power
rates of change are 5.01 and 1.00 GW/min, respectively.
Since the number of the images used for the calculation of
the power rates of change for the two events is only four, the
significance of the fitting is low. Thus we do not add them
to the scatter points in Figure 4. One thing we want to
emphasize is that the feature shown from the two events is
consistent with our conclusion for the fast flow events in
Class I: the auroral power rate of change is always high in
this class.
[33] We have also used another criterion of event selection

which is similar to that used by Schödel et al. [2001] (b > 0.5,
Vx > 0, V?x > Vkx, and VxBz > 2 mV/m) to find earthward
flow events with rapid flux transport (RFT) at a region of
�8 > X > �12 RE and jYj < 6 RE for Class I, whereBz is the
Z component of the magnetic field, Vkx is the X component
of the plasma flow parallel to the ambient magnetic field,
and VxBz is the convection electric field. We have found
29 RFT events from this selection criterion. The auroral
power rates of change in terms of time have been estimated
for these RFT events by using the least squares method.
These auroral power rates of change are plotted against X, as
shown in Figure 8. It is found that the auroral power rates
for most of the RFT events are small, but a few of them are
high, which is similar to the feature for Class II. If the
criterion of VxBz is used in the identification of the events,
we are unable to distinguish the two classes of the plasma
sheet fast flows. It indicates that V?x is a better parameter
than VxBz to differentiate the class of earthward fast flows in
the plasma sheet.
[34] One may argue that the results of Figure 8 indicate

that the fast flows at X = ��10 RE selected by the flux
transport criteria do not necessarily accompany with the
auroral bulge, which is inconsistent with the main point for
the events selected by the velocity criteria: all the fast flows
in Class I are associated with the auroral bulge. This
argument is raised based on an assumption of that the fast
flows selected by the flux transport criteria and the velocity
criteria are the same phenomena. However, our preliminary
comparison between the two types of criteria indicates that
they are not the same. To further support this result, we
examine the maximum V?x for the RFT events with lower
auroral activations by using the criteria of ‘‘rate of change
<0.3 GW/min’’ and ‘‘the average auroral power for a period
of 15 minutes before the starting time of the RFTs <30 GW.’’
We have found 12 events that fit the criteria. The values of
the maximum V?x for these selected events varies from 66 to
247 km/s. Since all the values of the maximum V?x are less
300 km/s, we believe that our criterion value of the fast

Figure 8. Auroral power rates of change estimated over
the courses of earthward flows with rapid flux transport
(VxBz > 2 mV/m) in terms of X in the GSM coordinate
system. The auroral power is integrated over a region of
60–80� MLAT and 2000–0400 MLT.
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flows (V?x < 300 km/s) is reasonable to differentiate the
class of earthward fast flows in the plasma sheet.

5. Summary

[35] We have examined 68 earthward fast flows observed
at jYj < 6 RE with the simultaneous observations of Polar
UVI auroral images. It is found that the earthward fast flows
can be classified into two classes. One class of the fast flows
(Class I) was often observed near X = ��10 RE and the
other class (Class II) was found at X < �15 RE. The auroral
power rates for the fast flows in Class I are found to be high,
indicating the auroral brightness on the nightside was
significantly increasing over the courses of these fast flows.
The auroral images show an apparent substorm auroral
bulge developed on the nightside. The auroral power rates
for most of the fast flows in Class II are low. The auroral
features, such as poleward boundary intensifications and
pseudobreakups, are found to be associated with the fast
flows in Class II. We hypothesize that the direct conse-
quence of the earthward fast flows observed at X < �15 RE

is a localized auroral activation. A substorm may occur at
X = ��10 RE due to the braking of the fast flows or some
instability. A current disruption related to the substorm
may generate an earthward fast flow at X = ��10 RE.
Since the occurrence rates of the earthward fast flows are
decreasing as Geotail comes closer to the Earth due to the
stronger magnetic field intensity near Earth, keeping
relatively constant occurrence rate at X = �10 RE and
X = �15 RE is most likely contributed by the fast flows
generated by the current disruption. The hypothesis will be
tested with the multiple satellite data from the THEMIS
mission in the future.
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