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Abstract. On January 12, 2005, a successive appearance of polar cap patches on the nightside was
observed in the image captured by an all-sky imager (ASI) at Resolute Bay, Canada (74.73°N,
265.07°E). During the interval, the patches showed an unusual strolling motion in which their
moving direction was very drastically changed twice (antisunward-dawnward-duskward). One
may suspect that such changes in motion were caused by the reconfiguration of the polar cap
convection due to a change in the IMF B,. However, there were no remarkable variations in
the sign of the IMF B, in the solar wind data, which indicates that the unusual behavior of
the patches was independent of the IMF-driven polar cap convection changes. Before the first
change in the motion occurred, a transient bright aurora appeared in the equatorward part of
the field-of-view in the dawn side. Immediately after the appearance of the transient auroral
feature, the direction of the motion of the patches changed from anti-sunward to dawnward as if
the patches were drawn into the aurora. After the disappearance of the aurora, the patches once

almost stagnated but subsequently started to move duskward and anti-sunward. We interpret
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the bright auroral feature as a signature of the poleward boundary intensification (PBI), which
is an ionospheric manifestation of an enhanced reconnection in the magnetotail. Accordingly,
we speculate that an excited flow across the open-closed field line boundary redirected the anti-
sunward polar cap convection towards the PBI and then allowed the patches to be drawn into the
aurora near the polar cap boundary. This study indicates the importance of the tail reconnection
as a driver of the nightside polar cap convection, resulting in the dynamical characteristics of
polar cap patches; this relation may enable us to monitor the activity of the tail reconnection

by using the motion of polar cap patches as an indicator.

1. Introduction

Polar cap patches, high-density plasma regions frequently appearing in the polar cap F' region
ionosphere, are believed to be generated in the vicinity of the dayside cusp inflow region when
the interplanetary magnetic field (IMF) is directed predominantly southward [e.g., Crowley,
1996]. The horizontal extent of polar cap patches typically ranges from 100 km to 1000 km
[Coley and Heelis, 1995], and the plasma density within each patch is often enhanced by a factor
of 2-10 above that of the surrounding region [Weber et al., 1984]. The dynamical properties
of polar cap patches have been investigated by using an all-sky camera [Weber et al., 1984], a
coherent HF radar [Milan et al., 2002], an incoherent scatter radar [Pedersen et al., 2000], and
an ionosonde [MacDougall and Jayachandran, 2007]. Numerous processes have been proposed
to explain the generation of patches, such as the IMF-controlled reorientation of the cusp flow
[Milan et al., 2002], use of convection jets [Rodger et al., 1994], in-situ plasma reduction under
an intense electric field [ Valladares et al., 1994a], expansion of the polar cap convection pattern
through pulsed reconnection [Lockwood and Carlson, 1992], and bursty plasma transport and
patch cutting by FACs at subauroral latitudes [Moen et al., 2006]. Most of the past studies

suggested that once the patches are generated on the dayside, they survive for a long time and
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are transported anti-sunward over very long distances before they exit the polar cap into the
nightside auroral zone.

As mentioned above, patches are believed to be transported over very long distances
across the central polar cap before they convect into the nightside auroral zone. Thus, the
motion of patches in the polar cap area follows the anti-sunward polar cap convection that is
primarily dominated by upstream IMF conditions. Hosokawa et al. [2006, 2009b] demonstrated
that changes in the speed and direction of the moving patches are in close correlation with
the upstream IMF orientation. Specifically, the speed of patches is primarily controlled by the
IMF B, component and the direction of their drift velocities are well correlated with the IMF
B, component. However, some previous studies indicated that the motion of patches can also
be influenced by nightside substorm activities. Lorentzen et al. [2004] first reported that the
meridional drift speed of patches on the nightside was modulated by the auroral substorm phases.
They presented a case in which the drift speed of the patches was high during the expansion
and early recovery phase and gradually decreased in the late recovery phase. They interpreted
this difference in terms of excitation of the convection near the nightside open-closed field line
boundary. Later, Wood et al. [2009] showed that the separation of patches was also affected by
the substorm activity. They suggested that the variation in the patch separations resulted from
the expansion and contraction of the high-latitude plasma convection pattern on the nightside
in response to the substorm activity.

In this paper, we report an event during which patches, detected by an all-sky airglow
imager located in the northern part of Canada at Resolute Bay, showed an unusual strolling
motion. Such an extraordinary behavior of polar cap patches has not been reported in previous
studies. More interestingly, during the interval, an intense substorm occurred in the midnight
sector. We discuss the cause of such an unusual motion of patches with regard to the recon-

figuration of the background convection pattern associated with a change in the upstream IMF
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orientation and also with regard to the ongoing reconnection in the magnetotail. This paper is
organized as follows. In section 2, we describe the dataset used in this study. Section 3 intro-
duces the strolling motion of the polar cap patches detected using the all-sky imager. In section
4, we discuss the cause of such an unusual strolling motion. Section 5 provides a summary of

this paper.

2. Instruments

The all-sky imager (ASI) used in this study has been in operation at Resolute Bay, Canada
(74.73°N, 265.07°E; AACGM latitude 82.9°) since January 2005 [Hosokawa et al., 2006] as a
part of the Optical Mesosphere Thermosphere Imagers (OMTIs) system [Shiokawa et al., 1999).
The ASI has numerous optical filters such as 557.7 nm, 630.0 nm, 777.4 nm, Na-line, and OH-
band; this enables us to study various upper atmospheric phenomena occurring in the polar cap
region, such as polar cap patches [Hosokawa et al., 2006; 2009a; 2009b; 2010a; 2011b], tongue of
ionization [Hosokawa et al., 2009¢c; 2010b], polar cap aurora [Koustov et al., 2008; Jayachandran
et al., 2009b; Hosokawa et al., 2011a], and gravity waves at mesospheric heights [Suzuki et al.,
2009]. In this study, ASI images at a wavelength of 630.0 nm (OI6300, emission altitude ranges
from 200 to 300 km), obtained every 2 min with an exposure time of 30 s, are employed for
tracking the motion of polar cap patches.

In conjunction with the optical observations of patches, we investigate the background
plasma drift obtained from digital ionosonde convection measurements using the Canadian Ad-
vanced Digital Ionosonde (CADI) at Resolute Bay [MacDougall and Jayachandran, 2001]. The
CADI, presently operating as part of the Canadian High Arctic Ionospheric Network (CHAIN)
[Jayachandran et al., 2009a], is a modern digital ionosonde, capable of providing ionospheric
drift measurements along with conventional ionograms. The CADI employs an antenna array

consisting of four short dipoles arranged along the sides of a square 30 m on each side; one
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receiver is dedicated to each antenna. Fixed frequency Doppler samples with 64 data points are
obtained at 30 s intervals. The convection velocity (speed and azimuth) is then determined by
processing the fixed frequency Doppler samples obtained from the four antennae. For details of

the convection measurement with CADI, refer to Grant et al. [1995].

3. Observations

The interval presented is a 2-h period from 0930 to 1130 UT on January 12, 2005, during which
polar cap patches observed over Resolute Bay showed unusual strolling motion. Figure 1a shows
an example of the 630.0 nm all-sky airglow image captured at 1010 UT. To indicate the slight
enhancement in the airglow intensity caused by patches, the airglow distribution is shown as
percentage deviation from a 1-h running average [Hosokawa et al., 2010a]. At this time, four
individual patches (A-D) can be identified within the field-of-view (FOV) of the ASI. Patch A,
the most prominent of the four, was located near the zenith. The other three (B, C, and D) were
observed at a lower elevation in the northwestern part of the FOV. As will be discussed in detail
later in this section, these patches first appeared from the northern edge of the FOV, drifted
westward along the horizon, and suddenly started moving southeastward along the dashed line
in Figure la (SE-NW cross section). After they passed through the zenith, they completely
reversed their moving direction and drifted northwestward.

In order to analyze the changes in the direction of the patches in greater detail, we plot
the optical data as a keogram along the SE-NW cross section in Figure 1c. Patch A appeared at
around 0930 UT in the northwestern edge of the FOV, stayed near the horizon for a while, and
then started moving southeastward at around 0954 UT. The vertical dashed line indicates the
time at which patch A arrived at the zenith of Resolute Bay, as shown in Figure la. At around
1024 UT, patch A almost stopped its southeastward motion and started moving northwestward.

This reversal of patch motion is most clearly recognized in the keogram, where the trace of patch
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A resembles the Roman letter “V.” If we take a closer look at the keogram, however, there are
indications of V-shaped traces for patches B, C, and D, suggesting that all the patches within
the FOV reversed their moving direction at around 1024 UT. There exist several bright traces
before 0950 UT and after 1045 UT near the zenith. These features are not associated with polar
cap patches but correspond to polar cap arcs that are generally observed during the northward
IMF intervals [Valladares et al., 1994b; Hosokawa et al., 2011a).

Figure 1b shows the same data as those displayed in Figure la. Here, however, the raw
all-sky image has been converted into the altitude adjusted corrected geomagnetic (AACGM)
coordinates [Baker and Wing, 1989] assuming an emission height of 250 km and then mapped into
coordinates of magnetic local time (MLT) and magnetic latitude (MLAT). Magnetic midnight
is at the bottom, and the dotted circle represents an MLAT of 80°. At this time, patch A was
located in the middle of the FOV, above 80° MLAT at around 03 MLT. The SE-NW cross
section shown in Figure la is superimposed as the dashed line, which is almost parallel to the
dawn-dusk direction. Hence, the patches first appeared from the sunward part of the FOV,
drifted anti-sunward along the edge of the FOV for a while, and eventually started drifting
dawnward. After the reversal at 1024 UT, they drifted predominantly duskward. Since patches
are generally known to drift in the anti-sunward direction along the streamline of the polar cap
convection, the motion of the patches in the dusk-dawn direction during the present interval is
extraordinary.

Figure 2 shows a sequence of the 630.0 nm all-sky airglow images obtained at 4 min
intervals from 0940 UT to 1056 UT. At 0940 UT (image a), patch A appeared from the northern
edge of the FOV and drifted westward almost along the horizon until 0952 UT (image d). At 0956
UT (image e), patch A turned around and started moving southeastward. This southeastward
motion of patch A continued until it was completely reversed at 1024 UT (image 1). Patches

B, C, and D appeared slightly later from the northern edge of the FOV and moved along the
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direction of the zenith until the reversal. Immediately after the reversal at 1024 UT, the patches
started moving northwestward and, eventually, almost moved out of the FOV by 1044 UT (image
q). After the disappearance of the patches, polar cap arcs appeared from the south and filled
the FOV until the end of this sequence. An animation showing the temporal evolution of the
patches during a 3-h interval from 0900 UT to 1200 UT at a rate of one frame every 2 min
accompanies the electronic version of this article (Animation 1). This animation sequence more
clearly demonstrates the drastic changes in the moving direction of the patches.

The top panel of Figure 3 summarizes the trajectory of patch A from 0940 UT to 1050
UT within the all-sky FOV. To formulate this plot, we identified the center of patch A in the
all-sky images every 2 min. As mentioned above, patch A appeared from the northern edge of
the FOV and first drifted westward along the horizon. At 0954 UT, patch A changed its moving
direction clockwise and moved southeastward until the reversal at 1024 UT. After the reversal,
patch A drifted northwestward until it almost disappeared from the FOV at 1050 UT. The
bottom panel of Figure 3 shows the same trajectory data as those displayed in the top panel.
In the bottom panel, however, the trajectory is mapped into coordinates of MLT and MLAT.
Magnetic midnight is at the bottom, and the dotted circle represents an MLAT of 80°. After
patch A appeared it drifted anti-sunward until 0954 UT, which is an usual motion for patches
in southward IMF conditions. After the first redirection of patch motion at 0954 UT, patch A
drifted predominantly dawnward and, interestingly, moved somewhat sunward (i.e., backward).
After the reversal at 1024 UT, patch A again started moving duskward toward the midnight.

To investigate the changes in patch motion in a more quantitative way, we estimate the
velocity of the patches using a patch-tracking algorithm developed by Hosokawa et al. [2006].
This method is based on two-dimensional cross-correlation analysis of consecutive all-sky images.
Using this algorithm, we can automatically derive the speed and direction of patches at 25 points

near the zenith [Hosokawa et al., 2009b]. In the right panel of Animation 1, the estimated
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velocity vectors are superimposed on the all-sky images as red arrows. The animation sequence
clearly demonstrates that the estimated motion vectors accurately trace the actual motion of
the patches. Figure 4b and ¢ shows, respectively, the magnitude and azimuth of the estimated
patch velocity. Note that the velocity azimuth is at an angle clockwise from the geographic pole;
thus, the velocity azimuth of 90° corresponds to the motion toward the geographic east. For
the sake of comparison, we again plot the keogram of the optical data along the SE-NW cross
section in Figure 4a. It should be emphasized that the velocities before 1000 UT and after 1045
UT do not represent the motion of patches because they were located near the horizon far away
from the points where the velocity was estimated.

The velocity magnitude varied from 200 to 500 m s~! during the passage of the patches.
At around 1010 UT, at which patch A was detected near the zenith, its speed was ~450 m

-1

s~1. Then, the speed of the patches once slowed down to ~200 m s~

around 10 min before
the reversal and increased again immediately after the reversal. The azimuth ranged from
100° to 140° before the reversal (1000-1020 UT), which is consistent with the southeastward
motion of the patches. About 4 min before the reversal, the velocity azimuth started rotating
counter clockwise and then turned to negative when the reversal occurred. After the reversal,
the azimuth was around 50°, which again is in good agreement with the northwestward motion
of the patches. The grey points in Figure 4b and c represent the plasma drift obtained from
the CADI at Resolute Bay. The data appear scattered especially after the reversal, which is
probably because the CADI did not receive sufficient echoes from the patches after the reversal,
owing to their diffuse spatial structure. Nevertheless, before the reversal, the azimuth values
obtained from the CADI were in good agreement with those from the optics, suggesting that

the motion of the patches corresponded to the background convection.
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4. Discussion

In this section, we discuss the cause of the unusual strolling motion of the patches with regard
to the change in the background convection pattern. It is well known that polar cap patches are
observed mostly during southward IMF conditions [Hosokawa et al., 2009b]. In such conditions,
the anti-sunward convection is established in the polar cap due to an enhanced tailward transfer
of newly-opened magnetic fluxes by the dayside magnetopause reconnection. However, the polar
cap flow occasionally exhibits significant distortion toward dusk or dawn, even during southward
IMF intervals, depending on the sign of the IMF B, [e.g., Cowley et al., 1991]. Hence, it is
possible that the changes in patch motion were simply due to a reconfiguration of the polar
cap convection pattern associated with the change in the IMF B,. If there are large-scale
variations in the sign of the IMF B,, the balance between the two convection cells will change,
and consequently, patches may be transported in a different direction.

Figure 5a—d shows, respectively, the solar wind velocity, proton density, IMF B,, and
IMF B, during a 2-h period from 0900 UT to 1100 UT; these parameters were obtained from
the ACE spacecraft located far upstream of the Earth (Xggy ~228 Rg). A solar wind velocity
of ~590 km s~! and a proton density of ~12 cc™! were measured during the strolling motion
of the patches, implying a delay of 45 min between the spacecraft location and the dayside
subsolar magnetopause [Khan and Cowley, 1999]. Additional time delay should be considered
to account for the delay from the subsolar magnetopause to the nightside polar cap. Bahcivan
et al. [2010] employed incoherent scatter radar data obtained at Resolute Bay to estimate the
response of the polar cap flow to the southward turning of the IMF. They examined 10 events
of clear southward turning of the IMF and derived an average response time of 13 min. Further
evidence was recently provided by Hosokawa et al. [2011b], who reported a delay of around 15
min between the arrival of the IMF variation and its influence on the patch motion. Thus, in

Figure ba-d, the time-series have been shifted by 58 min (45 + 13 min).
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IMF By in Figure 5c was negative almost throughout this interval. IMF B, in Figure
5d changed its orientation more frequently, although it was predominantly negative during the
interval of the strolling motion except for a brief positive excursion from 1012 UT to 1020 UT,
which is a favorable condition for the generation of patches near the cusp and their subsequent
delivery toward the nightside polar cap. In order to investigate the IMF variation during the
strolling motion in greater detail, the IMF B, and B, obtained from ACE are again plotted for
a 1-h interval from 0940 to 1040 UT; this plotting is shown in the lower two panels of Figure 5.
During this 1-h period, we identified two drastic changes in the moving direction of the patches,
at 0954 and 1024 UT. These timings are denoted by vertical dashed lines in Figure 5e and f.
As mentioned above, one of the possible explanations for the changes in patch motion is the
reconfiguration of the polar cap convection associated with a sudden polarity change of the IMF
B,. However, as seen in Figure 5e, IMF B, was continuously negative and exhibited no large-
scale change in its polarity at around both 0954 UT and 1024 UT. This implies that the strolling
motion of the patches was independent of the IMF-driven polar cap convection changes. This
suggests that a certain process, which is not associated with the dayside reconnection, probably
modified the polar cap flow and caused the changes in the patch motion. Since the existence of
such a process can probably be evidenced in the original all-sky images, we revisited the optical
data; the details are discussed as follows.

Taking a closer look at the all-sky images (Figure 2), we found that a bright feature
appeared near the southeastern edge of the FOV at 0952 UT (image d), which was just a few
minutes before the first change of the patch moving direction at 0954 UT. This feature brightened
in the subsequent three images (Figure 2e—g) and continued to be seen until 1012 UT (image 1).
At 1008 UT (image h), this bright optical feature could clearly be observed to be in the form
of an auroral arc; thus, it was probably a signature of auroral intensification near the nightside

polar cap boundary. Immediately after the appearance of the bright auroral feature, patch A
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changed its moving direction toward southeast. After that, patch A drifted southeastward as
if it was drawn to the bright aurora occurring at the opposite side of the FOV. It may be
difficult to see such an attractive force of the aurora on patch A in the snapshots in Figure 2.
However, the animation attached to the electronic version more clearly demonstrates that patch
A turned around immediately after the auroral intensification occurred and got pulled into the
aurora. More interestingly, just after the disappearance of the aurora at around 1012 UT, the
southeastward motion of patch A slowed down significantly (Figure 4b) and almost stagnated.
This again indicates that the appearance of the aurora contributed to the motion of the patches.
About 10 min after the disappearance of the bright auroral feature, the patches started moving
again and drifted northwestward.

Now, we discuss the origin of the bright auroral feature that seemed to affect the motion
of the patches in the polar cap area. One prospective reason for the origin of the bright auroral
feature is a poleward boundary intensification (PBI) [Lyons et al., 1999], which is known to
be an intense, transient auroral disturbance that initiates at the nightside polar cap boundary
[Zesta et al., 2002]. PBIs have been related to enhanced flows that carry plasma across the
nightside open-closed field line boundary [de la Beaujardiére et al., 1994] into the plasma sheet
[Lyons et al., 1999]. Specifically, PBIs are considered to be a signature of fast earthward flows
in the magnetotail, referred to as bursty bulk flows (BBFs) [Angelopoulos et al., 1992]. Zesta et
al. [2002] reported a one-to-one correlation between PBIs and BBFs. More recently, Nishimura
et al. [2010] demonstrated that longitudinally narrow flow bursts in the nightside polar cap can
precede PBIs that are followed by equatorward moving north-south (N-S) arcs, including those
leading to a substorm onset. They suggested that the high occurrence rate of PBIs and N-S
arcs before the substorm onset suggests a preceding magnetic reconnection near the nightside
open-closed field line boundary. Lyons et al. [2010] showed, by using the THEMIS observations,

that such enhanced flows across the plasma sheet boundary layer are often seen a few minutes

11



260

261

262

263

264

265

266

267

268

270

271

272

273

274

275

276

277

278

279

280

281

282

283

STROLLING MOTION OF POLAR PATCH HOSOKAWA ET AL.

prior to onset.

Figure 6 shows a stack plot of the H-component ground magnetic field variation obtained
from 8 stations of the Geophysical Institute Magnetometer Array (GIMA) magnetometer chain.
These ground magnetometer stations were located at around 23 MLT during the strolling motion
of the patches. The data show negative deflection starting at 1005 UT, indicating that a substorm
occurred on the nightside. The onset of the substorm was about 10 min after the appearance
of the bright auroral feature. This information supports the speculation that the bright auroral
feature in the southeastern part of the FOV was a possible signature of PBI near the open-closed
field line boundary. As reported by Nishimura et al. [2010] and Lyons et al. [2010], the bright
auroral feature was probably accompanied by a burst of equatorward flow across the open-close
field line boundary due to an enhanced localized reconnection in the magnetotail. Such an
enhanced flow across the boundary could excite the flow even within the polar cap, as described
by Cowley and Lockwood [1992] and Grocott et al. [2002]. As a result, the anti-sunward polar
cap flow was redirected toward the region of the flow burst in the vicinity of the PBI, which
allowed the patches to be drawn into the region of the bright aurora.

The possible signature of PBI disappeared at 1010 UT (Figure 2i), which indicates that
the enhancement of tail reconnection ceased at the time. This suggests that the motion of the
patches was not dominated by the tail reconnection any longer. In such a situation, the patches
could drift along the streamline of the IMF-driven polar cap convection. In actual, however,
the patches did not move in any specific direction for ~10 min. This is probably because the
IMF B, was directed positive in this interval. Thus, neither dayside nor nightside reconnection
could drive the convection in the polar cap, and then, the convection came to a halt during
this stagnation of the patches. At 1020 UT, the IMF B, became negative again. In addition,
the IMF' B, started changing toward positive which could introduce a duskward component

in the anti-sunward polar cap convection [e.g., Hosokawa et al., 2006]. Hence, after 1024 UT,
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the patches again started moving duskward toward the normal exit of the twin-cell polar cap
convection, which may extend for all MLT hours between 1830 and 0530 MLT but is mostly
located around 23 MLT [Moen et al., 2007]. That is, the drastic reversal of the patch moving
direction at 1024 UT was caused by a convolution of the effects of the dayside and nightside
reconnections on the polar cap convection. The other thing worth noting is that the timing of
the reversal at 1024 UT was very close to the start of the substorm recovery phase (Figure 6).
Baumgohann et al. [1999] demonstrated that the start of the recovery phase is caused by a stop
of tail reconnection as the pileup of dipolarized magnetic field reaches near-earth reconnection
site. This also suggests that the reversal of the patches was somehow related to the stop of
tail reconnection. This interpretation is consistent with the report by Lorentzen et al. [2004]
that polar cap patches were occasionally drawn into the auroral oval during episodes of tail
reconnection. The current observations also suggest that the motion of patches can be altered
by the ongoing tail reconnection activities, which may enable us to monitor the status of tail
reconnection from the motion of polar cap patches.

In this paper, we suggest that the motion of polar cap patches on the nightside can be
affected by the occurrence of bursty tail reconnection. We assume that tail reconnection can
change the plasma convection even in the region of open field lines. In actual, recent observations
demonstrated that enhancements of the flow are often seen near the nightside polar cap boundary
a few minutes prior to onset [Nishimura et al., 2010; Lyons et al., 2010]. However, it is still
unclear whether tail reconnection can change the polar cap flow in the region relatively distant
from the open-closed field line boundary. In this sense, we have to remind ourselves that the
current interpretation is nothing more than one of the possible scenarios. During the interval
studied, however, the solar wind data indicate that the strolling motion of the patches cannot
be explained by changes in the polar cap flow caused by the dayside process; thus, we have to

understand this unusual motion somehow in terms of the nightside process. In order to evaluate
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the impact of tail reconnection on the polar cap flow, now we are statistically investigating the
variation of the polar cap convection estimated from the ASI at Resolute Bay by using the

method of Hosokawa et al. [2006] near substorm onsets.

5. Summary

We reported an occurrence of polar cap patches, detected by an all-sky airglow imager (ASI)
located on the nightside, showing an unusual strolling motion in which the direction of their
motion is drastically changed twice. The patches once changed their moving direction from anti-
sunward to dawnward. About 30 min after the first change of the motion, the patches almost
reversed their moving direction and again started the duskward and anti-sunward drift toward
the midnight local time sector. One possible explanation for such changes in patch motion is a
reconfiguration of the polar cap convection, especially a variation in the dawn-dusk component
of the plasma flow, due to a change in the IMF B, polarity. The solar wind data obtained from
the ACE spacecraft, however, show that there were no remarkable changes in the sign of the
IMF B,. This suggests that the unusual strolling motion of the patches was independent of
the IMF-driven polar cap convection changes on the dayside. 1-2 min before the first change
of the patch motion, a very bright auroral feature was observed in the southeastern part of the
field-of-view (FOV) of the ASI, which could be a signature of some auroral intensification near
the open-closed field line boundary. Immediately after the appearance of the auroral feature, the
patches clearly changed their moving direction from anti-sunward to dawnward as if they were
drawn to the bright aurora occurring at the opposite side of the FOV. After the disappearance
of the aurora, the dawnward motion of the patches slowed down and the patches eventually
restarted drifting anti-sunward. Since a substorm occurred =10 min after the appearance of
the bright auroral feature, we interpret it as a signature of a poleward boundary intensification

(PBI), which is an ionospheric manifestation of an enhanced reconnection in the magnetotail.
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Then, we suggest that an enhanced flow across the open-close field line boundary excited the flow
even within the polar cap and that the anti-sunward polar cap flow was redirected toward the
region of the PBI. Consequently, the patches were drawn into the region of enhanced flow in the
vicinity of the PBI. This interpretation indicates the importance of the nightside reconnection
as a driver of the polar cap convection, resulting in the dynamical characteristics of the polar
cap patches. This relation also suggests that we may be able to monitor the activity of tail

reconnection using the motion of polar cap patches as a tracer.
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4

Q3

o Figure Captions

ann Figure 1 (a) 630.0 nm all-sky image at 1010 UT on January 12, 2005. To indicate the slight
472 enhancement in the airglow intensity caused by patches, the airglow distribution is shown as a
473 percentage deviation from a 1-h running average. (b) Same data as those of Figure 1a, but the
474 raw all-sky image is converted into AACGM coordinates [Baker and Wing, 1989] assuming
475 an emission height of 250 km and mapped into coordinates of MLT and MLAT. Magnetic
476 midnight is at the bottom, and the dotted circle represents an MLAT of 80°. (¢) Keogram

477 reproduced from 630.0 nm all-sky images along the SE-NW cross section shown in Figure la.

a7s Figure 2 Sequence of 630.0 nm airglow images obtained at 4 min intervals from 0940 to 1056
479 UT. To indicate the slight enhancement in the airglow intensity caused by patches, the airglow

480 distribution is shown as a percentage deviation from a 1-h running average.

ss1 Figure 3 (Top) Trajectory of the center of patch A in the all-sky FOV of the ASI. (Bottom)
482 Same data as those of the top panel, but the trajectory of patch A is converted into AACGM
483 coordinates [Baker and Wing, 1989] and then mapped into coordinates of MLT and MLAT.

484 Magnetic midnight is at the bottom, and the dotted circle represents an MLAT of 80°.

a5 Figure 4 (a) Keogram reproduced from 630.0 nm all-sky images along the SE-N'W cross section
486 shown in Figure la. (b, ¢) Magnitude and azimuth of the patch velocity, estimated using a

487 patch-tracking algorithm developed by Hosokawa et al. [2006] (black line). The grey dots

488 represent the magnitude and azimuth of the convection obtained from the CADI at Resolute
489 Bay. The velocity azimuth is at an angle clockwise from the geographic pole; thus, velocity
490 azimuth of 90° corresponds to the motion toward the geographic east.

a1 Figure 5 (a—d) Solar wind speed, proton density, IMF B,, and IMF B,, obtained from the

492 ACE spacecraft during a 2-h interval from 0900 to 1100 UT. The time-series is shifted by 58
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493 min to account for the solar wind propagation delay from the spacecraft to the nightside polar
s cap (refer to text for details). (e-f) IMF B, and IMF B., obtained from the ACE spacecraft
495 during a 1-h interval from 0940 to 1040 UT. The two timings in which the patches change

496 their moving direction are indicated by the dashed vertical line.

a7 Figure 6  Stack plot of the H-component ground magnetic field variation obtained from 8
498 stations of the GIMA magnetometer chain. These ground magnetometer stations were located

499 at around 23 MLT during the strolling motion of the patches.
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