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Abstract. We use SuperDARN data to study high-latitude Keywords. lonosphere (Auroral ionosphere; lonosphere-
ionospheric convection over a three hour period (starting atnagnetosphere interactions) — Space plasma physics (Mag-
22:00UT on 2 January 2003), during which the Interplane-netic reconnection)

tary Magnetic Field (IMF) flipped between two states, one
with B, > | B;| and one withB, > 0, both with negativeB,.

We find, as expected from previous works, that day side iono- )
spheric convection is controlled by the IMF in both hemi- 1 Introduction
spheres. For strongly northward IMF, we observed signa-

tures of two reverse cells, both in the Northern Hemispherelonospherlc convection patterns resultlng from reconnection

(NH) and in the Southern Hemisphere (SH), due to lobe reat the Earth’'s magnetopause have been the object of a vast
connection. On one occasion. we also obs,erved in the NAiterature which has studied their dependence on Interplan-
two viscous cells at the sides of the reverse cell pair. Foctary Magnetic Field (IMF) orientation by means of low-

duskward IMF, we observed in the NH a large dusk clock- altitude spacecraftHeppner and Maynardl987 Weimer

wise cell, accompanied by a smaller dawn cell, and the sig—lgga’ ground magnetometerkgmide et al. 1994 Papi-

nature of a corresponding pattern in the SH. On two occa-taSh_VIII et al, 1994 and, more rec_ently, SUperDARN con-
sions, a three cell pattern, composed of a large clockwisé’ectlon measurementROohonleml and Greenwald99§

cell and two viscous cells, was observed in the NH. As re-2005 Ch|sham et a!.2007).. On t.he other hand, a de_talled
gards the timings of the NH and SH convection reconfigu-l"nderst""r?dlng (.)f high latitude |onospher|c. convection has
rations, we find that the convection reconfiguration from abeen achleve_d in the course of years starting, for instance,
positive B, dominated to a positivé3, dominated pattern from the seminal work o€owley a”‘?' Lockwood1992).
occurred almost simultaneously (i.e. within a few minutes) I_:or a southyvard IMF, reconnection takes place at the low
in the two hemispheres. On the contrary, the reconfiguraltitude day side magnetopause, so that newly opened flux
tion from aB, dominated to a northward IMF pattern started 'S transferred to the night side and two convection cells are
in the NH 8—13min earlier than in the SH. We suggest thatS€t UP in both hemispheres with anti-sunward flow in the po-
part of such a delay can be due to the following mechanism!ar caps. The relative dimensions and orientations of the two
as IMF B, <0, the northward-tailward magnetosheath mag_cells are known to depend upon the relative importance of
netic field reconnects with the magnetospheric field first tail-the IMF B; and_By C(_)mponents: forB, > |_BZ| dusk and
ward of the northern cusp and later on tailward of the south-dawn cells dominate in the Northern Hemisphere (NH) and

ern cusp, due to the IMF draping around the magnetopausd? the Southemn Hemisphere (SH) respectively; the opposite
situation occurs wheB, < B, < 0. In the extreme condi-

tion of a purelyB, > 0 field, Reiff and Burch(1989 forecast
the formation of a single large clockwise cell in the NH and

Correspondence tdD. Ambrosino a counter-clockwise cell in the SH. Moreover, for all IMF
m (danila.ambrosino@ifsi-roma.inaf.it) conditions they forecast the presence of two lower latitude
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viscous cells, at dusk and dawn with respect to the main conef the observations, while Se@.gives a short summary of
vection pattern over the central polar cap. our findings.
For strongly northward IMF, reconnection is thought to oc-
cur tailward of the cusps (lobe reconnection), thus generating
two reverse cells with sunward flow over the polar cap. There
has been disagreement in the past over the detailed patterds EVeNt overview
of ionospheric convection resulting from strongly northward
IMF. Burke et al. (1979 and Reiff and Burch(1989 sug-  Figure1 displays, from top to bottom, solar wind dynamic
gested the existence of four convection cells: two reversedressure Payn, IMF By, By, B, in GSM, and clock angle
cells at high latitudes driven by lobe reconnection, and two(all as dashed lines) measured close to the L1 libration point,
normal cells at lower latitudes driven by viscous processes a@t (242.1,—18.6; 15.5)k ; GSM, by ACE for 160 min start-
the magnetopause. On the contratgppner and Maynard ing at 21:50UT on 2 January 2003. The four lower pan-
(1987 suggested that only two highly-distorted cells would €ls also displayBy, By, B;, in GSM, and the clock angle
develop, whileRich and Hairston€1994 performed a statis- (s solid lines) as observed by Cluster spacecrafigtogh
tical study and found that four-cell convection occurred very €t al, 1997) in the magnetosheath during an outbound orbit
rarely. ConverselyRuohoniemi and Greenwa(d996 using ~ between £1.1; 0.9; 7.7) and (0.9; 4.4; 9.B); GSM very
SuperDARN data showed that, on a statistical basis, a fourclose to the magnetopause, tailward and slightly duskward of
cell structure existed for strong northward IMF. Their statis- the nominal location of the northern cusp. We shifted ACE
tical convection patterns clearly showed two reverse convecdata by 67 min to match the ClusteB2 component after
tion cells p0|eward of 8OMLAT near the noon meridian, 23:25 UT; however, we notice that this shift does not yleld a
which were almost completely contained within the day sidePerfect alignment of thé, components and of the clock an-
ionosphere. In this regarilan et al. (2000 first used Su- ~ dles. In fact, starting from 00:08 UT on 3 January 2003 the
perDARN observations to infer the presence of a clockwiseACE B, changed from positive to negative and then oscil-
lobe cell for northward IMF withB, ~ 0, whileHuang et al.  lated around OnT, while the Cluster dropped to OnT at
(20003 showed that the four cell convection configuration 00:15UT and then remained negative approching OnT from
develops and is stable during steady northward IMF condi-time to time. This discrepancy probably means that the IMF
tions. structures underwent some evolution between L1 and the
Finally, the magnetic dipole tilt could favour lobe recon- Earth’s orbit. Throughout the event, at AGE <0, while
nection in the NH during the local summer and in the SH By was clearly positive, apart from short intervals when it
during the local summer. However, a larg is believed to ~ approached OnT.
alter this seasonal effec€wley, 1983 Crooker and Rich We notice that four major IMF rotations occurred, as evi-
1993 Lockwood and Moen1999. denced by vertical solid lines. Line A, drawn at 22:07 UT,
In the last few years, interest has been growing in com-marks a rotation where the ACE clock angle, defined as
paring how northern and southern ionospheric convection re¢ = arctar{B,/B;), changed fromg ~ 45° to 6 ~ 9(°. At
spond to reconnection at the magnetopaudeata et al.  line B (22:45UT) the ACE clock angle fell from~ 90° to
(2008 recently published a preliminary study of the day 6 ~0° and then varied betweeh~ 0° andf ~ 45° until the
side ionospheric convection as a function of IMF orienta- next clear rotation. At line C (23:18 UB) jumped to~ 90°.
tion over a three hour interval when the IMF flipped betweenLine D is drawn at 23:49 UT, when ClusteiZ turned nega-
two states, positiv8, dominated and positivB,, both with tive, just whenB, rose from slightly negative values to zero;
B, < 0. In this paper, we study in more detail such a period,after that, a slow rotation occurred over about 15 min during
confirm quantitatively the suggestions madefyata et al.  which 6 dropped fron~ 90° to ~0°. The timing of the D
(2008 and discuss them more thoroughly. Sec@@resents  rotation is reliable, because it is based on Cluster 2 IMF data
an overview of interplanetary and magnetosheath conditionén the magnetosheath close to the magnetopause and to the
during the period under study based on IMF and plasma dataorthern cusp. Conversely, the times when the other three
from the Advanced Composition Explorer (ACE) and mag- IMF rotations reached the magnetopause cannot be exactly
netosheath magnetic field from Cluster 2; S&dbriefly re- determined as, at those times, Cluster 2 was in the magneto-
calls the significance of SuperDARN data to the study ofsphere. Finally we remark that during the whole period the
high latitude ionospheric convection; the response of daysolar wind dynamic pressure generally increased frerb2
side convection to four IMF rotations is described in Setts. to ~11.1 nPa, which was due mainly to the increase of the
and5, in the NH and in the SH, respectively; Segtoncen-  solar wind number density, while the x component of the so-
trates on measurements of the line of sight velocity by thelar wind velocity was rather constarit, ~ —390 km/s. The
Kodiak radar in the NH and by the TIGER radar in the SH main increase of dynamic pressure occurred close to rotation
between 11:00 and 12:00 MLT, showing that, when the IMF A, from 5.1 to 8.12nPa and a smaller increase occurred at
turns from dominani, to positive B;, the NH and SH dis-  rotation C, from 8.12 to 9.05 nPa, on the other hand, at rota-
play different time responses; Segtpresents a discussion tion B the pressure decreased by 1.16 nPa to start increasing
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Fig. 1. From top to bottom: ACE dynamic pressure (computed by supposing that alpha particles contribute with a density equal to 4% of
the proton density), GSMB,, By and B; and clock angle, defined &= arctar(By/B;), from ACE (dashed lines) and Cluster 2 in the
magnetosheath (solid lines). The vertical solid lines mark the A, B and C IMF rotations and the start of the D rotation (see text for details).
ACE data have been time shifted by 67 min. Dotted zero lines are also shown in the four lower panels.

again after a few minutes, while during the long D rotation it The performance of the map potential software critically
increased slightly from 8.82 to 9.74 nPa. depends on the SuperDARN data coverage. SuperDARN
radars do not cover all MLT's and MLAT’s, so that, even
when valid echoes are available from a large portion of
3 SuperDARN data and convection maps the radar fields of view (FOV), the map potential software
makes use of additional data points determined by a statisti-
The Super Dual Auroral Radar Network (SuperDARN) is cal model of convectiorRuohoniemi and Bakef998 Ruo-
a successful network of NH and SH HF radars to studyhoniemi and Greenwa)d.996 2009 to properly close the
the ionospheric convection in the auroral and polar regiong£Xpansion in spherical harmonics. When the radar data cov-
(Greenwald et a].1995 Chisham et a).2007). Each radar, €rage is good, the reconstructed maps over the regions where
in the common mode of operation, performs measurement§adar data are present are unequivocally determined by the
of the line of sight velocity ¥ os) of the ionospheric plasma, actual measurements. On the other hand, as the data cover-
between 90 and 400 km altitude, with a time resolution of 2ge reduces, the role played by the model increases and great
1 or 2min, along 16 azimuthal beams separatect§?, care must be put in the interpretation of the reconstructed
each consisting of 75 range gates between 180 and 3500 kipatterns.
from the radar site. The examination of the time evolution of During the period under study, data from 9 NH Super-
Vios measured by each radar as a function of Magnetic Lo-DARN radars were available so that the NH coverage was
cal Time (MLT) and magnetic latitude (MLAT) allows to pin- good between- 65° and>~90° MLAT and from 09:00 MLT
point the response of high latitude convection to changes inthrough 24:00 or even 03:00 MLT. In particular, on the day
duced by interplanetary disturbances, e.g. IMF rotations. Inside data were provided by the King Salmon, Kodiak, Prince
addition, over many years a technique, called map potentialGeorge, Saskatoon and Kapuskasing radars, while the Goose
has been developed and extensively used to reconstruct NBay, Stokkseyri, Thykkvibaer and Hankasalmi radars con-
and SH convection maps from SuperDARN data accordingtributed to the convection maps on the evening side and on
to the method described Hyuohoniemi and Bake{1998 the night side. Starting from the available data we recon-
andShepherd and Ruohonieif@000. structed NH convection maps throughout the event. In order

www.ann-geophys.net/27/2423/2009/ Ann. Geophys., 27, 2433-2009
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~22:02:00 -22:04:00 UT Table 1. IMF data used as inputs to the SuperDARN map potential

1500 mis o software.

CPCP=24kV /. ..--mmmmoeeees

Time(UT) Bx(nT) By(nT)  B,(nT)

22:00-22:07 -5 7.5 7.5
22:08-22:44 -3 10 0
22:45-23:18 -10 6.2 7.6
23:19-23:49 -3 10 -3
w 23:50-00:10 +£3;-7) (10;0) 3;9)
22:06:00 -22:08:00 UT 00:10-00:50 =7 0 10

1500 m/
—_

CPCP=23kV / __.oemmmmomeees <

ing IMF data are shown in Table which consists of 5 pe-
riods of constant IMF and 1 period (23:50-00:10 UT) during
which each IMF component varied linearly with time. We
recall that the map potential software chooses the convection
statistical model on the basis Bf,, B, and B (i.e.B, is used

for the calculation of B only). As a final test on the validity
22110:00-22:12: 00 UT of the NH maps, we reconstructed them under two different
‘ conditions: a) using the IMF values listed in Talileb) us-

ing the Tablel B, andB, values, but forcing3, = -3 nT. As
expected, apart from minor details, the maps did not change
significantly, thanks to the large number of experimental data
available throughout the period. In the next section, for each
of the IMF rotations identified in Figl we will describe in
detail the day side part of several maps calculated by using
the IMF values of Tabl4.

For the SH the coverage is much less: 5-9 MLT hours
on the day side, mainly at dawn near noon MLT, between
~ —75° and~ —85° MLAT, provided by the TIGER radar;
5-9 MLT hours on the night side, around midnight MLT, be-
tween>~ —75° and~ —85° MLAT, provided by the Halley,
Sanae, Syowa East and Syowa South radars. This means that,
although enough data are available to reconstruct the general
features of convection patterns thanks to the presence of data
both on the day side and on the night side, on the day side
such reconstructions must be regarded as qualitative. There-

Fig. 2. SuperDARN NH dayside convection maps for rotation A fore,. in Sect5 we study .the resp.onse of SH.|onospher|c con-
of the IMF. The outer (inner) circle indicates7B0°) MLAT. The vection to the IMF mtat'(,)ns mainly by looking at FOV, p!Ots
solid (dashed) curves indicate negative (positive) potential isocon©f Measuredvios to avoid any artefact from the statistical
tours. The dotted line indicates the Heppner-Maynard boundarymodel used by the map potential software.

The top left corner of each map shows the cross polar cap potential

(CPCP) and a 1500 m/s vector according to which all vector lengths ) )

are scaled. The right hand top corner of each map shows the staft Effects of the IMF rotations on NH convection

and end times and a small inset indicating the IMF direction (ac-

cording to Tablel) in the By-B, GSM plane. The field of view of 4.1 The first rotation to dominant B,

the Kodiak radar is overlaid to the bottom panel.

1500 m/s
—

CPCP=31kV /=== 77T L

1500 m/g
* —

CPCP =36 kV

Figure 2 displays four NH day side convection maps for
the 22:02-22:04, 22:06-22:08, 22:10-22:12, and 22:18-
22:20 UT intervals. As we noted in the description of Hig.
to do that, instead of using the individual time shifted IMF apart from a 4 min period after 21:55 UT, the IMF already
components shown in Fid,, we defined a number of time had a substantiaB, component prior to the 22:07 UT ro-
periods characterised by similar IMF conditions and calcu-tation. The main feature of the corresponding NH pattern
lated for each of them average values of the IMF componentgtop panel) is a pair of reverse cells, centred at 15:00 MLT
to be used as inputs to the map potential software. The resuland 80 MLAT and at 09:30 MLT and 81 MLAT. Between

Ann. Geophys., 27, 2422438 2009 www.ann-geophys.net/27/2423/2009/
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them a clear sunward flow heads from the polar cap along
noon MLT and bends mainly towards dawn at 8@LAT.

The map also displays the signature of a small clockwise cell
in the evening side, while no data are available in the 06:00—
09:00 MLT region below 73MLAT.

In the next 4 min the NH map does not change signif-
icantly, as illustrated by the 22:06-22:08 UT panel, apart
from the appearance of a sunward flow at 09 MLT below
76° MLAT (resembling a portion of a counter-clockwise cell)
and the strengthening of a clockwise partial dusk cell centred ,, :
at 17:30 MLT and 76 MLAT (which are both fully recon- 1500m/s " . . e
structed in the following convection maps). We interpret this PP=20ky £ o o e
pattern as composed of 2 reverse cells and 2 viscous cells =
(see e.gReiff and Burch 1985.

The NH convection patterns show the start of a reconfigu- /e
ration during the next 2 min (not shown), just at the time of i
the nominal IMF rotation (cf. Tabl&). The reconfiguration [i ] //
then proceeded further as illustrated by the 22:10-22:12UT  [1gmit \‘
map: the dusk side reverse cell has disappeared, but a clear '
sunward flow is still present from the polar cap around noon
MLT. Moreover, we also notice the persistence of a sunward
flow at 09:00 MLT below 76 MLAT (resembling a portion
of a counter-clockwise cell) and the strengthening of the dusk
clockwise cell at 17:00 MLT and ?/MLAT, which appears
to be the evolution of the dusk evening cell partially recon-
structed in the 22:02 and 22:06 UT maps.

In the next two min (not shown) the reconfiguration is
complete, as the sunward flow from the polar cap disappears
and a large clockwise cell centred at84LAT and at noon J500mis
MLT is established. This new convection pattern remains CPCP=26kV
stable for about 20 min, as illustrated in the bottom panel at
22:18-22:20 UT. We see that the map now displays a clear
three cell pattern, as the central noon MLT cell is accompa-
nied by a dusk clockwise cell (focus at 17:00 MLT and 79
MLAT), which can be regarded as a “left over” of the dusk
evening cell observed in the previous maps, and by a clear
counter-clockwise cell at dawn (focus at 09:30 MLT and 77
MLAT).

In summary, in the NH the reconfiguration fraBa > 0 to
dominantB, > 0 starts at 22:08 UT and ends at 22:14 UT.

1500 m/s

CPCP =29 kv

4.2 The first IMF northward turning

Figure 3 displays five NH day side convection maps for the

22:36-22:38, 22:46-22:48, 22:54-22:56, 23:00-23:02 and

23:04-23:06 UT intervals. The top panel shows that, prior to

the IMF rotation, the NH convection pattern exhibited a large

dusk clockwise cell centred at 13:00 MLT and°88ILAT

and a smaller counter-clockwise dawn cell separated by &19- 3. SuperDARN NH dayside convection maps for rotation B of

clear anti-sunward and dawnward flow extending from 77 the IMF. Same format as in Fig.

MLAT and 13:00 MLT to 82 MLAT and 09:00 MLT. Such a

pattern clearly results from the evolution of that shown in the

bottom panel of Fig2. Eventually, the 22:46-22:48 UT map shows: a) a clockwise
The next three 2-min maps, which we do not show, presentell centred at noon MLT and 8MLAT (producing a sun-

evidence of a slow evolution of the NH convection pattern. ward flow at 82—84° MLAT and 12:00-13:00 MLT), b) a

www.ann-geophys.net/27/2423/2009/ Ann. Geophys., 27, 2433-2009
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] In the next 4 min (not shown) the sunward flow around
Jseems : V noon MLT between 80and 90 MLAT widens in MLT and
g + \ the signature of a counter-clockwise cell appears centred at
14 MLT and 78 MLAT, as illustrated in the fourth panel
from the top (23:00-23:02 UT). Moreover, the dusk quadrant
displays the signature of a clockwise vortex stretching from
13:00-18:00 MLT, probably due to a large viscous cell. The
final result of this evolution is shown in the bottom panel
(23:04-23:06 UT). The main features of this NH map are:
a) a sunward flow extending from high latitude in the polar
1soms cap and crossing 8MLAT from 09:00 to 13:00 MLT, b) the
crcp=3skv S U - mainly dawnward flow across noon MLT at7WILAT, c) the
3 new partial counter-clockwise cell centred at 13:30 MLT and
78 MLAT; d) the signature of a dusk viscous cell. Although
we do not see two clear reverse cells, there is no doubt that
this pattern is due to reconnection tailward of the NH cusp.
In summary, in the NH the reconfiguration from domi-
nant B, > 0 to B, > 0 starts around 22:45 UT and ends at

_ — 23:02 UT.
1500 m/s N \L TSN_23:24:00 -23:26:00 UT
CPCP=4TKV RN TR ~ v 4.3 The second rotation to dominantB,

Figure 4 displays four NH dayside convection maps for
the 23:16-23:18, 23:20-23:22, 23:24-23:26, and 23:44-
23:46 UT intervals. The top panel map shows the last convec-
tion map before the nominal 23:18 UT IMF rotation and is
similar to the three preceding ones (which we do not show).
As it can be seen from Fid,, between 22:26 and 23:18 UT
the IMF already slowly rotated and a substanBalcompo-
nent had developed. The main feature of the top panel NH
pattern is the sunward flow which heads from the polar cap
(slightly from the dusk side) along noon MLT and bends to-
wards dawn at 8OMLAT, thus suggesting the existence of

a clockwise lobe cell, not fully resolved due to the lack of
data in the first half of the dawn quadrant. The signature of a
partial clockwise cell is seen in the dusk quadrant centred at
~ 77° MLAT and 14:30 MLT. Moreover, a clockwise cell is
seen centred at 17:30 MLT anel73° MLAT. Such a pattern
clearly results from the evolution of the ones shown in the
bottom panel of Fig3.

In the next 2 min we see evidence that the convection pat-
ternis changing. This is the time of the nominal IMF rotation
small clockwise cell at dusk with focus at 8MLAT and (cf. Tablel) and a transient clockwise cell appears centred at
16:00 MLT, c) a portion of the dawn cell (which seems to 82° MLAT and 11:00 MLT which is limited at lower latitudes
have moved sunward), d) a mainly dawnward flow extendingby the pre-existing dawnward flow around noon MLT and at
from 15:00 to 09:00 MLT at 77—80° MLAT. higher latitudes by a duskward and slightly tailward flow. As

In the next 8 min the NH pattern further evolves and the part of the pattern evolution, the partial counter-clockwise
noon MLT cell shifts toward dawrHuang et al.20003. At cell centred at- 79 MLAT and 14:00 MLT has disappeared,
22:54-22:56 UT (third panel from the top) the focus of this while the clockwise cell formerly centred at 17:30 MLT and
cell is located at 85MLAT and 08:30 MLT, while the clock- > 73° MLAT has faded and moved slightly sunward.
wise cell centred at 8IMLAT and 16:00 MLT has faded. At The reconfiguration is complete in the next map (not
the same time the dawn counter-clockwise cell is not visibleshown) and can be seen in the third panel from the top
any more. (23:24-23:26 UT): the sunward flow around noon MLT has
disappeared and a large clockwise dusk cell extends partially
to the dawn quadrant; moreover, a smaller dawn cell appears

1500 m/s
M5
CPCP =50 kv

Fig. 4. SuperDARN NH dayside convection maps for rotation C of
the IMF. Same format as in Fig.

Ann. Geophys., 27, 2422438 2009 www.ann-geophys.net/27/2423/2009/
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separated from the dusk cell by a dusk-dawn and tailward
flow across noon MLT at 75-80° MLAT. This situation re-
mains essentially unchanged in the next 25 min, as illustrated
by the bottom panel (23:44-23:46 UT).

In summary, this reconfiguration frol, > 0 to dominant
By >0 starts at 23:18 UT and ends at 23:24 UT.

4.4 The second IMF northward rotation

Figure5 displays five NH day side convection maps for the
23:58-00:00, 00:06-00:08, 00:16-00:18 UT, 00:18-00:20
and 00:26—00:28 UT intervals. A slow rotation of the IMF
starts at 23:49 UT (see Fifj) and makes the Cluster 2 clock
angle drop from 90 to below 0 in 20min. The effects

of this rotation in the convection maps show up gradually.
In fact, the NH convection pattern for 23:58-00:00 UT (top
panel) shows a large dusk clockwise cell extending to the
dawn quadrant, which is still clearly due B3 dominated re-
connection and looks like the evolution of the pattern in the
bottom panel of Fig4.

In the next six minutes, similarly to what was observed for
the first northward IMF rotation, an evolution of the NH pat-
tern is observed until a sunward flow develops &t-885°
MLAT and 11:00-13:00 MLT, which appears to deflect to-
wards the Sun the dawn-dusk flow at lower latitudes. This
can be seen in the 00:06-00:08 UT panel, i.e. when the clock
angle was~ 45° (see Figl) and the Cluster B, ~5nT.

The following four 2-min NH maps all display a dusk-
dawn flow at 78—78 MLAT and 11:00-13:00 MLT and
a sunward flow from the polar cap down t©80° MLAT
around noon MLT, while the IMF has completed its north-
ward rotation at 00:10 UT. At 00:16-00:18 UT, a counter-
clockwise cell starts developing at dusk, centred at 76
MLAT and 14:30 MLT, while the dawn-dusk flow around
noon MLT appears reduced in extension and intensity. At
00:18-00:20UT the next map shows that the dusk side
counter-clockwise cell centred at 14:30 MLT has fully devel-
oped.

In the following minutes the NH maps keep a constant
topology, but for the emergence of a large clockwise cell,
centred at 17:00 MLT and 7MLAT, which can be proba-
bly attributed to a viscous cell, as illustrated by the 00:26—
00:28 UT map displayed in the bottom panel. The main fea-
ture of such map is the dusk counter-clockwise cell roughly
at the centre of the dusk quadrant, which can be interpreted
as the dusk cell of the expected two reverse cell system,
while the dawn cell cannot be resolved due to the lack of
data coverage. We also notice that the dawnward flow at
10:00-12:00 MLT continues to fade, until, after 00:30 UT
(not shown), it ceases completely.

In summary, the last NH reconfiguration from, > 0

dominated toB, > 0 dominated starts at 00:04 UT and ends Fig. 5. SuperDARN NH day sideconvection maps for rotation D of
' the IMF. Same format as in Fig.

at 00:20 UT.

www.ann-geophys.net/27/2423/2009/
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5 Effects of the IMF rotations on SH convection

1500 m/s 1500 mig

As we remarked already in Se@, only TIGER data are
available in the SH day side. Therefore, we visually in-
spected all 2-min FOV plots of the TIGER, pos for the
whole period under study. We will not show and describe
all such plots, but we concentrate on five of them, which are
contained as individual panels in Figand displayV, os as
‘ [ ] \ ‘ colour coded cells plotted in polar coordinates betwe&6®
1500/ 1500 — T and —90° MLAT and from 06:00 to 18:00 MLT. In such a
representation the Sun is at the top, the radar site is outside
the figure in the morning quadrant, #65.31° MLAT and
13396° West geomagnetic longitude, the radar FOV is indi-
cated by a fan bounded by black solid lines, and velocities
towards (from) the radar are positive (negative). Each panel
is typical of one of the five periods defined in Fig.In addi-
tion to the measured velocities, each panel also shows the
potential isocontours calculated through the map potential
software together with velocity vectors calculated at points
where actual measurements are available. Such maps are
built by making use also of the SuperDARN data which are
available in the night side. However, as the maps on the day
side are only based on TIGER data, we do not assign to them
a quantitative meaning.
| ‘ . The top panel refers to the 22:04-22:06 UT interval,
S00ms o T just before the A rotation, and displays a clear region of
o T ~ cells characterised by positive velocity between-77° and
~ —81° MLAT and between 10:30 and 12:00 MLT, which is
adjacent to a region at higher MLAT where velocities are
negative. Further to such regions, some scattered velocities
are present at lower MLT, heading towards the radar at lower
MLAT and away from it at higher MLAT. Similar velocity
patterns are observed by TIGER in all two-min intervals be-
1s00mss e 00:18:00_00:20:0()& fore the A rotation.
, ‘ | At the A rotation the situation changes and a new veloc-
; ity pattern is attained within a few minutes. An example
of the new pattern is shown in the second panel from the
top which refers to the 22:38-22:40 UT interval, when the
IMF clock angle was~ 90° MLAT. In this case we see that
practically all measured velocities are directed away from the
radar. Moreover, the number of back-scattering cells has con-
siderably increased, by roughly a factor 2.
At the B rotation the situation changes again, but the old

Fig. 6. Line of sight velocities measured by TIGER in the SH dur- velocity patter.n persists f(.)r several mlnutes, anq a new one
ing five 2 min scans corresponding to different IMF conditions. The €Merges starting from 22:58 UT, until a clear region of pos-

outer (inner) circle indicates70° (—80°) MLAT. The TIGER field  itive velocity is set up betweery —77° and=~ —80" MLAT
of view and convection maps with computed vector velocities arebetween 09:00 and 11:30 MLT, which is surrounded by two

overlaid to each panel: the solid (dashed) curves indicate negaregions of negative velocity at smaller and larger MLT, as
tive (positive) potential isocontours, while the dotted line indicates shown in the third panel from the top (23:04—-23:06 UT). At
the Heppner-Maynard boundary. The top left corner of each mapthe same time the number of echoes observed in the TIGER
shows: a palette according to which velocities are colour coded, theQv drastically drops. We also notice that the map poten-
cross polar cap potential (CPCP); a 1500 m/s vector according {qjg| software reconstructs, during several 2 min scans, a small

which all vector lengths are scaled. The right hand top corner Ofclockwise cell in the dawn quadrant, centred at 11:00 MLT
each map shows the start and end times and a small inset indicating ao0 1| AT ’ '

the IMF direction (according to Tablg in the By-B, GSM plane.
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A new clear change of velocity pattern occurs immediately positive velocities (towards the radar) correspond to sunward
after the C rotation, as shown by the fourth panel from theflows (from the polar cap to lower MLAT) and negative ve-
top, which refers to the 23:36-23:38 UT interval, when thelocities (away from the radar) correspond to tailward flows
IMF clock angle and that measured in the magnetosheath b{from low latitudes towards the polar cap). On this basis,
Cluster 2 were both- 90°. Again, as for the 22:38-22:40UT we expect to see signatures of the flow reconfigurations in
interval, the measured velocities are almost all directed awayhe time series of Kodiak os near noon MLT, i.e. normal
from the radar and are consistent with the new IMF orienta-convection cells should yield negative velocities and reverse
tion, while the number of echoes has roughly doubled againcells should yield positive velocities.

Finally, at the D rotation the last change of pattern takes As regards the SH, the TIGER FOV was on average at a
place. Again the reconfiguration in the SH starts at 00:12 UT,60° angle from noon MLT during the A rotation and at about
8 min later than in the NH, until a region of positive velocities 30° during the D rotation. As a consequence, one can expect
sets up around 11:00 MLT, similarly to what was observedthat signatures of reconfigurations, in the formWgbs re-
after the B rotation. The decrease of the number of echoesersals, should show up as well in the time series of TIGER
occurs again, although not so dramatically as for the B rota-Vi os near noon MLT and should be more and more evident
tion. Again the map potential software reconstructs a smallas the angle between the TIGER beams and the 12:00 MLT
clockwise cell in the dawn quadrant. meridian decreases.

In conclusion, we may state that: 1) as a consequence of Concerning the examination &f os as a function of time,
each of the four IMF rotations, the TIGER os displays sig- ~ a further problem stems from the fact that each radar beam
natures which can be interpreted as due to convection recorsamples different MLT’s as a function of time. In order to
figurations; 2) more radar echoes are observed in the TIGERemove this ambiguity, we considered the 11:00-12:00 MLT
FOV for B, <0 or for dominantB, than for B, > 0; 3) af-  sector and two 2MLAT bins, from 78 to 80" MLAT in the
ter rotations A and C the reconfiguration starts within a few NH and from—78> to —80° MLAT in the SH, we excluded
minutes, as in the NH, while after rotations B and D it starts ground scatter and all echoes having a reflected pev8eiB
several minutes later than in the NH. and averaged, os for each 2 min interval. In this way we

produced two time series o os, which we will call here-
after Vy for TIGER andVk for Kodiak.
6 Kodiak and TIGER V| ps reversals Figure 7, in its upper panel, display®r and Vx from
22:00UT, 2 January 2003, to 00:30 UT, 3 January 2003, thus
In the preceding two sections, based on SuperDARN conincluding the A, B, C and D IMF rotations (marked with ver-
vection maps for the NH and on TIGER FOV pilots for the tical dashed lines). Moreover, the lower panel of Figlis-
SH, we showed evidence that day side convection in botlplays the number of valid echoes (i.e. excluding ground scat-
hemispheres reconfigured as a consequence of IMF rotationger and reflected powet 3 dB) over the whole TIGER and
Moreover, if we compare the reconfiguration times quotedKodiak FOV's, indicated byN7 (black solid line) andVk
for the NH in Sect4 and for the SH in Seck, we notice that  (black dashed line), respectively. As during the whole event,
the reconfiguration seems to have occurred at different timeghe Kodiak and TIGER radars operated with 1 and 2 min res-
in the two hemispheres at the two northward rotations of theplution, respectively, the number of Kodiak echoes has been

IMF. divided by 2.

As we noticed already in the description of Figs.3, 4 It appears that both; and Vg in Fig. 7 alternate between
and5, the NH reconfiguration always seems to start closepositive and negative values. In particular, as regargs
to 12:00 MLT and at latitudes close or above® 8ALAT. three “positive” periods are seen with average values rang-
On the other hand, the change observed in Biin rela- ing from 300 m/s to 150 m/s and with oscillations of the or-

tion to the IMF rotations regarded the signWfos close to  der of 50 m/s, while in the two “negative” periods the av-
—80° MLAT and between 10:30 and 12:00 MLT. This sug- erage values range from300 to —700 m/s, with oscilla-
gests that, in order to summarise the information on reconfigtions usually of the order of 100 m/s (apart from one large
uration times with a single figure, it is worthwhile examining oscillation which reaches a peak-to-peak value of 500 m/s
directly Vi os as measured by single radars in such MLAT- around 22:50 UT). A similar behaviour is displayed Wy,
MLT regions. with “positive” averages ranging from 500 to 100 m/s, while
We recall that the bottom panels of Figs.3, 4 and5 the “negative” averages are400 and—500 m/s; in this case
and all panels of Figé show the FOV’s of the Kodiak and the oscillations are somewhat larger, i.e. 100-500 m/s peak-
TIGER radars superimposed on the NH and SH convectiorto peak. However, the maxima of boi andVg during the
maps, respectively. NH data were also available from radarsnegative” periods fall well below (by a few hundred m/s) the
other than Kodiak and were used in the reconstruction of theminima of the “positive” periods. We interpret the positive
potential maps; however, it appears that the Kodiak FOV wasvalues ofVr andVk in terms of flow separating two reverse
roughly pointing towards the north magnetic pole close to thecells characteristic of lobe reconnection due to a northward
noon MLT meridian. For the Kodiak data around noon MLT IMF, and the negative values as anti-sunward flow towards
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Fig. 7. Upper panel: 11-12 MLT line of sight velocities as a function of time in t#aVALAT bins, centred at 79 MLAT and at —79°

MLAT, for Kodiak (Vi in green) and TIGERYy in red) radars, respectively. Lower panel: number of radar echoes over the whole TIGER
and Kodiak fields of view, indicated by andNg, respectively ¥ divided by 2 to account for the 1 min resolution of Kodiak, compared
with the TIGER 2 min resolution). The vertical dashed lines mark the A, B and C IMF rotations and the start of the D rotation (§ee Fig.

the polar cap between two normal convection cells for dom-and a maximumXg =~ 270) occurs before rotation D. How-
inant B,. In fact, in the upper panel we notice that bdth ever, no clear change ofgx occurs at the A rotation andlg

and Vg reverse, from positive to negative values, roughly displays larger short lived excursion from the average trend
at the same time, around 22:15 UT, about 8 min after the Athan Ny. Therefore, we must conclude that in this case the
rotation, and around 23:21 UT, about 3 min after the C rota-correlation is worse, as it is confirmed quantitatively by the
tion. On the contraryVk reverses from negative to positive fact that the best linear correlation coefficient betwéan

at 22:48 UT, 4 min after the B rotation, about 15 min prior to and Vg is —0.37 for a—4 min lag.

the reversal experienced . Later onVk turns positive

about 18 min after the nominal D rotation, about 12 min prior ) )
to V. 7 Discussion

Turning to the lower panel, we already noticed, from In Sects4 and5 we made use of SuperDARN observations
the visual inspection of all TIGER FOV’s and convection to describe the response of day side ionospheric convection
maps, that the number of echoes appears to depend on the four IMF rotations (see Figl), during which the IMF
IMF orientation. In fact, we see that, althoughy under-  flipped between a mainlyB, > 0 orientation and a mainly
goes variations of the order of 10-40 echoes from time toB,, > 0 with B, ~ 0 orientation, whileB, was always nega-
time, Ny ~ 50 during the periods of northward IMF and tive. As it was remarked in SeQ, the IMF rotations were
Nr ~100-150 during theB, dominated periods. It also accompanied by variations of the solar wind dynamic pres-
appears that, after the A and C rotationg; increases 6— sure, which overall increased from 5.52 to 11.1nPa from
9 min after the nominal rotation time, while, after the B and the start to the end of the period under studyewell and
D rotations,N7 decreases 15-20 min after the nominal rota- Meng (1994 showed that, whe®yyn < 2 nPa, the NH cusp
tion time; i.e. the time lags between the IMF rotations andis located on average about noon MLT and 80LAT with
the mainNy changes are essentially the same as those bewidths of 01:00 MLT and 3 MLAT, while, when Pgy, >
tween IMF andVr. A quantitative way to describe thisisto 4nPa, it is located on average about noon MLT and 78
consider the cross correlation betwaén and V. This cal- MLAT with widths of 03:00 MLT and 9 MLAT. This statisti-
culation yields that the linear correlation coefficient betweencal behaviour suggests that an increased solar wind dynamic
N7 andVr has a maximum value 6£0.86 for a time lag of  pressure favours the transfer of mass and energy through
2min. A behaviour similar to that aVr can also be recog- the magnetopause; this, in turn, should result in enhanced
nised in theNg plot: in fact, a minimum §x >~ 150) can  ionospheric convection. On these grounds, we do not ex-
be identified between rotations B and C and after rotation D pect that at rotations B and D the dynamic pressure played

Ann. Geophys., 27, 2422438 2009 www.ann-geophys.net/27/2423/2009/



D. Ambrosino et al.: lonospheric convection response to IMF rotations 2433

a role in determining the different reconfiguration times ob- call that a smaller dawn side counter-clockwise cell was of-
served in the two hemispheres. This consideration is justiten observed in the NH, sometimes completely formed, other
fied by the fact that the pressure behaved differently at suchimes only partially resolved due to the incomplete MLT
two rotations: in fact, at rotation B it decreased slightly from and MLAT coverage. In two cases we also observed three
7.9 to 6.7 nPa to start increasing again after a few minutescell structures, i.e. at 22:18-22:20 UT (F&).and at 22:46—
while during the long D rotation it only increased moderately 22:48 UT (Fig.3), which seem to match the model REiff
from 8.8 to 9.7 nPa. A similar pressure increase, from 8.1 toand Burch(1985. To this regard, we also remark that the
9.0 nPa, was observed at rotation C, but in this case no tim@2:18-22:20 UT three cell pattern developed from the four
lag occurred between the NH and SH reconfigurations. Ficell pattern of 22:06—22:08 UT through the 22:10-22:12 UT
nally, the largest effect on ionospheric convection during themap. This sequence of convection maps resembles closely
whole period under study should be expected at rotation Athe past observations Ibyuang et al(20008, who observed
at which the pressure jumped from 5.1 to 8.1 nPa; howeverhat, as IMFB, became more dominant, the reverse cells
we can notice that, if we compare the NH and SH reconfig-shifted in MLT, reducing the size of one of the cells until a
urations at rotation A with those at rotation C, no important three-cell convection pattern developed.
difference is seen, as regards both their morphologies and
their timings. In conclusion, it seems reasonable to conclude’.2 B, > 0 convection patterns
that the dynamic pressure does not play a significant role in
determining the convection reconfiguration times during thisUnder B; > 0 conditions, i.e. prior to rotation A, between
event. On the other hand, it cannot be excluded that suclotations B and C and after rotation D, in general the NH
a role could be important in other events which display dy- patterns show signatures of two large reverse cells (see e.g.
namic pressure changes in combination with IMF rotations. Milan et al, 2000 Huang et al.20003. Prior to the first

In the NH the SuperDARN data coverage was extensiverotation, such cells are both clearly reconstructed, while in
enough to base the description of the convection reconfiguthe other cases the dusk counter-clockwise cell is not com-
ration on the maps obtained through the map potential techpletely formed and the dawn cell can only be inferred from
nique, while in the SH we made use of individual plots of the general shape of convection. We explain such a pattern
the TIGER V. ps. Moreover, in Sect6 we further investi-  as due to high latitude lobe reconnection as expected for a
gated such response by considerifig)s's measured in the mainly northward IMF. However, we recall that a low lati-
two hemispheres in two nominally conjugated regions be-tude dawnward flow, mainly across the noon MLT meridian,
tween 11 and 12 MLT. We found that the two hemispheresis always present, with variable intensity and, at times, with a
display similarities and differences which need to be com-tailward component. This flow coexists with lobe cells, even

mented upon and discussed. when two such cells are clearly observed at the same time,
and can be interpreted as a distortion of the reverse convec-
7.1 B, > 0convection patterns tion pattern due to the prevailing positi,; on the other

hand, it could also be that, & is steadily positive, the lobe
We discuss first the observed topology of the patterns for theeconnection line extends to the day side, duskward of the
IMF B, > 0 dominated configuration, i.e. after rotations A cusp (see e.gandholt et a).2003. Finally, we remark that,
and C and prior to rotations B and D. In all such cases theprior to rotation A, for several minutes, as illustrated in FAg.
NH pattern was dominated by a large clockwise cell extend-n the 22:06-22:08 UT panel, we observed clear signatures
ing from the dusk side to the dawn sideédwley and Lock-  of a four cell system, composed of two central reverse cells
wood, 1992. For the SH we notice that the TIGER os (roughly symmetric relative to noon MLT) accompanied by
was consistent with the presence of a duskward-tailward flontwo lower latitude viscous cells as suggestedRsiff and
between 76 and 82 MLAT; at the same time the data pro- Burch(1985 and observed biduang et al(20003.
vided by the night side SuperDARN radars complemented As regards the SH, careful visual inspection of all TIGER
the morning side measurements by TIGER, so that the majp-OV plots showed that the velocity patterns under> 0
potential software steadily reconstructed a large counterconditions are very different from those seen under domi-
clockwise cell on the morning side, extending partly to the nantB, > 0 conditions. This is evident from panels 1, 3 and
dusk side, characterised by a smaller clockwise cell (see parb of Fig. 6, which are typical of the periods before rotation
els 2 and 4 from the top of Fi§). The obvious interpretation A and C and after rotation D. In all three periods TIGER ob-
of these patterns is that they are generatef py 0 day side  serves both positive and negatiVgos: in panels 3 and 5
reconnection, that pulls reconnected field lines from dusk tathe positiveV ps's form two spots at dawn roughly at the
dawn in the NH and from dawn to dusk in the SH. Nothing same MLT and MLAT; in panel 1 they form a spot closer to
more can be said about further features of the SH pattern du&2:00 MLT. The three spots can be interpreted as signatures
to the paucity of the data. On the contrary, the NH patternsof flow moving from high to low latitude, i.e. with a sunward
also showed evidence of secondary cells, similarly to whatcomponent. Moreover, in panels 3 and 5 the positives
was already observed by other authors. In this regard, we respot occurs between two negatiVeos spots, at dawn and
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dusk of it, respectively, which are compatible with the signa-duce two competing effects in the ionosphere: on one side
ture of two reverse lobe cells. Such a signature is not seemo increase the density irregularities in the F-region, on the
in panel 1, which only displays sparse echoes in the rest obther side to worsen the local propagation conditions. As a
the dawn quadrant and none at all in the dusk quadrant. Alresult, as we remarked already in Sé&;the total number of
though the data coverage is low, it is clear that the TIGERechoes observed by Kodiak in its FQVk, does not change
observations unde®, > 0 conditions are very different from as much as for TIGER during the event; moreover, although
those pertaining to dominatt, > 0 conditions. In conclu- adependence @¥x on the IMF orientation is observed, this
sion, we suggest that both in the NH and in the SH reversaés less clear than faNy.

lobe cells are formed undé, > 0 conditions, although for The situation is different for the TIGER FOV. In this case
the SH the evidence is not so compelling as for the NH. the number of echoes is around 50 under posiéiveondi-
tions and around 100-150 undBr, dominated conditions
and displays time variations anti-correlated (with-8.86
correlation coefficient at 2 min lag) with those bf dis-
Played in the upper panel of Fig. Actually, Ny is not
equivalent toVy, as Ny pertains to the whole TIGER FOV,
while Vr pertains to a limited region, between 11:00 and
12:00 MLT and—78 and —80° MLAT. Therefore, for this

7.3 Relation between the number of radar echoes and
IMF orientation

We shall now discuss the result shown in the bottom pane
of Fig. 7, concerning the evolution of the number of echoes
observed in the TIGER and Kodiak FOV’s as a function of
IMgtigfrgilhoonr.s have discussed in the past the rate of o c?vent we takeVr as an additional indicator of the SH recon-
) iguration.

currence of SuperDARN backscatter as a function of season,g .
MLT, MLAT and geomagnetic activity. For our purposes it  |f we look back at panel 1 of Figs, we see that most
is useful to citeRuohoniemi and Greenwa{d997), who de- ~ €choes concentrated in two small MLT-MLAT spots between
scribed a marked seasonal effect in the rate of backscattef1:00 and 12:00 MLT, with positive and negative velocities.
found that such rates are much lower in summer than in winJt is natural to interpret such echoes as due to local irregular-
ter, and “attributed this dependence to the suppression of derdfli€S caused by particle precipitation along field lines from a
sity gradients by more intense photoionisation in summer”./0b€ reconnection site close to the southern cusp, as this is the
These remarks were confirmed, among otherdJitgn et al. only place in the TIGER FOV where irregularities are likely
(1997, and byVickrey and Kelley (1982 andKelley et al. {0 occur under the present conditions of solar illumination.
(1982, who noticed that increased conductivity in the E layer The problem may be posed of whether lobe reconnection oc-
due to summer insolation can favour the decay of F-regioncurs atall at the southern magnetopause under the given con-
density gradients. We rest on such considerations to explaiffitions, as the dipole tilt should favour the SH hemisphere,
why, in our case, TIGER observes a much smaller number oPUt the negative IMEB, component could favour the NH in-
echoes than Kodiak throughout the event: the TIGER FOvsStead. We do not have any means of checking this directly,
is constantly illuminated by sunlight, so that day side ionisa-S no low altitude spacecraft was flying at the right place at
tion smooths out the ionospheric density irregularities. Con-this particular time, while the Cluster fleet was on an out-
versely, the Kodiak FOV is constantly beyond the day-nightPound orbit in the northern magnetosphere. However, we
terminator, where density irregularities are much more prop-made use of th€ooling et al.(200]) model to check the
able and long lived. probability that component merging may take place tailward

Moving to the issue of the dependence of the rate of scatteP! e southern cusp and found that a small SH lobe merging
on the IMF orientation, we recall tha&allatore et al(2000) Ime_ could develop for all the positivB, cont_:lmons present
argued that reconnection at the magnetopause yields an iffluring our event. Actually, we ran the Cooling model for the
crease of ionospheric irregularities, which are responsible fof\H 100 and found that lobe reconnection is more probable

the generation of HF backscatter. It is by this same argument"®r®-

that we may try to address the different behavioungfand Following this line of thought, we can proceed to inter-
Nk in response to the IMF rotations, as evidenced in Fig. pret the increase oNy which occurs between 22:12 and
Starting from the Kodiak radar, we notice that the conditions22:18 UT. We suggest that the SH convection reconfigures
were favourable to HF backscatter as in its FOV more thanafter the A rotation and a dawn side low latitude merging
150 echoes were observed throughout the event. In particuine sets up, as expected for dominatiBig> 0. Under these

lar, about 200 echoes were observed already at the beginningpnditions the increase of the number of echoes is just the ef-
of the event, under positiv, conditions, when particle pre- fect of the increased reconnection at low latituBal(atore
cipitation probably occurred along field lines due to both lobeet al, 2000. The same should apply to the increase observed
reconnection and to low latitude reconnection associated t@oon after the C rotation. On the opposite, the decrease of
the large positiveB, component (as argued in the preceeding Nr observed after the B and D rotations can be interpreted
subsection). It is not inconceivable that, in such a situation,in terms of the switching off of the low latitude reconnection
strong precipitations associated to reconnection might prowith the simultaneous start of a weak lobe reconnection.
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Table 2. Start and End times of NH and SH convection reconfigurations following the A, B, C and D IMF rotations. Derived delays between

start times are also listed (see text for details).

rot. (UT) NH Start(UT) NHEnd(UT) SH Start(UT) SH End(UT) AStart(min)

A 22:08 22:08 22:14 22:08 22:14 0
C 23:18 23:18 23:24 23:18 23:22 0
B 22:45 22:45 23:02 22:58 23:04 13
D 23:55 00:04 00:18 00:12 00:20 8
7.4 NH and SH reconfiguration times reconfiguration times evaluated on the basis of convection

maps and TIGER FOV plots. Unfortunately, the Séanal-

Early models and observations suggested that IMF rotationysis could not be extended quantitatively to other MLT’s and
cause the reconfiguration of ionospheric convection on timeVILAT’s because of the presence of gaps, especially in the
scales of tens of minutes starting from the noon setiock- SH data. However, as we discussed in Sé@. a support
wood et al, 1986 Todd et al, 1988 Saunders et gl1992. to our interpretation of the reconfiguration times comes also

In Sects.4 and 5 we suggested that, during the period from the time evolution of thé/7 andNg parameters, which
that we have analysed, the time it takes for the convectiorflisplay a behaviour anticorrelated to thatigf and Vg .
maps to respond to an IMF rotation and to reconfigure de- Table2 summarises our observations based on convection
pends both on the IMF and on the hemisphere and is largemaps and TIGER FOV plots df_os. The two top lines refer
for the SH when the IMF rotates from dominaBf >0to  to the A and C rotations, when the IMF turned frabp >
B, > 0. Before further discussing this suggestion, it is nec- By > 0 to By > | B;|, while the two bottom lines refer to the
essary to comment on the doubts that could be raised abowpposite IMF rotations, B and D. For each rotation Table
it due the scarcity of SH data, as, in principle, we cannotshows the start and end times of reconfiguration in the NH
totally exclude that reconfiguration started in the SH at anand in the SH, together with the delay between the NH and
earlier time at a different MLAT-MLT location and then sud- SH start timesAStart. As the time resolution is much higher
denly, i.e. within less than 1 min, moved to the place wherefor the IMF than for SuperDARN maps, we do not assign
TIGER actually detected it. To this regard, we recall thatan error to the A, B and C times. As regards rotation D,
negativeV os'’s (i.e. duskward-tailward) were observed by we selected the start of the rotation which we know lasted
TIGER over an extended MLAT-MLT region both before ro- for 20min. As the times under the Start and End headings
tations B and D, and after such rotations, for several minutesyere determined from convection maps in Sedtand 5,
at times when the NH reconfiguration had already clearlythey should all be assigned a 2-min error. As a consequence,
started; moreover, the reconfiguration was observed in the\Start’s should be assigned a maximum 4-min error.
TIGER data roughly at the centre of the existing region of It appears that for the A and C rotations the start times
tailward-duskward flow, roughly at the location where one of the reconfigurations were very similar for the NH and for
would expect the formation of a new lobe merging line un- the SH, within 2 min. Moreover, the reconfigurations seem
der the current IMF conditions, both according to the generatto have started at the nominal IMF rotation time. To this
picture of ionospheric convection and according to the cal-regard, we recall that the timing of the A and C IMF turn-
culations we made through tt@ooling et al.(2001) model ings can be affected by large errors, as we noted in the pre-
(see Sect7.3). Therefore, it is natural to interpret the obser- sentation of Figl. Finally, we remark that the reconfigura-
vations in terms of a SH reconfiguration actually starting firsttion times were rather fast, on the order of 6 min, suggesting
where TIGER actually saw it. that the low latitudeB, driven reconnection starts roughly

To complement the considerations on reconfigurationat the same time in both hemispheres and influences very
times based on NH convection maps and on SH TIGER FOwrapidly the whole day side ionosphere. This result seems to
plots of V, os, in Sect.6 we looked atV; os’s reversals ob-  agree with the observations Ruohoniemi and Greenwald
served near noon MLT in the NH and in the SH by the Kodiak (1999 andShepherd et al(1999, who showed cases when
and the TIGER radar respectively and found that: 1) the IMFthe reconfiguration from strong northward IMF convection
rotations towards3, dominated are accompanied by simul- to strong southward IMF convection occurred in 2—4 min si-
taneous NH and SH fast reconfigurations within a few min-multaneously at all MLT’s extending from noon to midnight.
utes after the nominal IMF rotation; 2) the response to IMF  Regarding the B and D IMF rotations, it appears that the
northward rotations is slower, by several minutes; 3) the retime response is quite different for the NH and the SH. In
sponse to IMF northward rotations occurs in the NH about 8—fact, we observe that in the SH the reconfiguration starts
13 min earlier than in the SH. Such results must be regardedonsiderably after the IMF nominal rotation (13 and 17 min
as additional evidence of the validity of the interhemisphericfor rotation B and D respectively) and lasts on the order of
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6-8 min. Conversely, in the NH the reconfiguration startsthe SH reconnection site. Thirdly, different conditions in the
earlier (0 and 9 min after the IMF nominal time for rotations NH and SH ionospheres could yield different time responses
B and D respectively), but lasts much longer, 14-17 min, soto magnetopause reconnection. To this regard, throughout
that the SH completes the reconfiguration only a few minuteghe event we have studied, the dayside ionospheric conduc-
after the NH. This result is compatible with earlier findings tivity is certainly on average higher in the SH than in the NH
by Taylor et al. (1999, who used NH SuperDARN con- ionosphere; however, it is not clear how such different con-
vection velocities to show that sunward flows appeared inditions could be at work at rotations B and D of the IMF and
the noon sector within 2min following an IMF northward not at rotations A and C. The investigation of these possibil-
turning and that the global flow completely reconfigured in ities goes beyond the aim of this paper.

20 min, and byHuang et al (20003, who found that the NH

reverse convection cells form withinl2 min after a north-

ward turning of the IMF. In conclusion, the new result of our 8 Summary and conclusions

work is the late start and the faster reconfiguration observed

in the SH at rotations B and D. We studied high-latitude convection during an interval of

We summarise the sequence of events observed for botArolonged IMFB, > 0 and found, as expected from previ-
the B and the D rotations: 1) appearance in the NH of a0us works by other authorR¢iff and Burch 1983, that the
clockwise cell centred at 10:00—-10:30 MLT and®8aLAT: day side ionospheric convection is controlled by the IMF in
2) strengthening of the new NH cell; 3) appearance in thePoth hemispheres.

NH of a sunward flow channel from the polar cap (bending For strongly northward IMF, we observed signatures of

towards dawn at or below 8)) 4) sudden reconfiguration of two reverse cells, both in the NH and in the SH, with sun-

the SH pattern with the appearance of a flow from high toward flow over the polar cap due to reconnection occurring

low latitude between 11:00 and 12:00 MLT; 5) completion of tailward of the cusps. On one occasion we also observed in
the NH reconfiguration and, within minutes, appearance ofthe NH two viscous cells at the sides of the central reverse
SH signatures of two reverse cells. cell pair, i.e. a four cell pattern.

To this regard, we recall that, as this event occurred in For a dominating duskward IMF, we observed: in the NH
winter time, the magnetic dipole tilt should favour lobe re- a large dusk cell, accompanied by a smaller dawn cell and,
connection in the SH; however, a lar@g is believed to al- on two occasions, a three cell pattern, composed of a large
ter this seasonal effecCpwley, 1983 Crooker and Rich  clockwise cell and two viscous cellR¢iff and Burch 1985;
1993 Lockwood and Moen1999. This is exactly the case in the SH a dawn cell protruding to the dusk quadrant, and,
for the event that we have described in this work, as at ro4n one case, a smaller dusk clockwise cell. To a zero order
tation B ACE B, changed fron —3nT to~ —10nT and  approximation the NH and the SH patterns appeared to be
at rotation D it changed from —3nT to~ —7nT, while ~ Symmetric.

both at B and D ACEB, changed fron~ —3nT to~10nT The timings of the NH and SH convection reconfiguration
and B, changed from~10nT to~0nT. As a last remark, after each IMF rotation were studied by comparing single
it is worth recalling that, followingdstgaard et al(2005,  NH convection maps before and after the A, B, C and D ro-

for a northward IMF, positive IMFB, “may cause reconnec- tations with all TIGER FOV plots o¥/ os. This comparison

tion to occur first and more efficiently in the southern lobe”. showed that the convection reconfiguration frotn-a45° to

If we adopt this argument for our event, we must concludeaé ~ 90° pattern occurred almost simultaneously (i.e. within
that negativeB, at the B and D rotations can be invoked a few minutes) in the two hemispheres, as expected, because
to explain the fact that the ionospheric reconfiguration oc-the magnetosheath draping over the day side magnetopause
curs in the NH earlier than in the SH. To this regard, we of a duskward IMF should give approximately simultaneous
may also recall thaProvan et al. (2005 argued that “re-  effects in the NH and SH.

connection in the unfavoured hemisphere may eventually be On the contrary, we found that the reconfiguration from a
activated at a later stage, involving the overdraped magneti@, dominated to a northward IMF pattern starts in the NH 8-
flux.” We are at present unable to estimate the time delayl3 min earlier than in the SH. However, it appears that in the
which we should expect in our event between northern and\NH the reconfiguration occurs more slowly than in the SH
southern lobe reconnection and leave this investigation to §14—17 min compared to 6—8 min), so that eventually they are
future study. However, we can also think of other possiblecompleted almost simultaneously.

causes of the observed delay. Firstly, one could think of dif- We also studied the timing of convection reconfiguration
ferent positions of the lobe reconnection site in the NH andbetween 11:00 and 12:00 MLT as seen by the NH Kodiak
SH which could yield two different propagation times of the radar, between ?8and 80 MLAT, and as seen by the SH
magnetosheath plasmato each site. Secondly, we could thinkKIGER radar, betweer-78°> and —80° MLAT, and found

of asymmetric propagation of the plasma in the two hemi-results compatible with the already mentioned global delay
spheres, e.g. with a plasma stagnation in front of the southertimes. Moreover, we found that, for this period, the num-
cusp indentation, which would lead to a longer travel time tober of total echoes measured by TIGER in its FOV provides
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an additional means of evaluation of the SH reconfiguration perDARN): scientifc achievements, new techniques and future
times. directions, Surv. Geophys., 28, 33-109, 2007.

In order to explain the observed delay in starting the recon-C00ling, B. M. A, Owen, C. J., and Schwartz, S. J.: Role of mag-
figuration in the two hemispheres, we suggest that: a) due netosheath flow in determining the motion of open flux tubes, J.
to the presence of a strong negative INBE component, a Geophys. Res., 106, 1876318775, 2001.

northward-tailward maanetosheath maanetic field starts reCowIey, S. W. H.: Interpretation of observed relations between
g g solar-wind characteristics and effects at ionospheric altitudes, in:

connecting at the northern high Iat-|tut.je m.agnetopause, tail- High Latitude Space Plasma Physics, edited by: Hultgvist, B.
ward of the cusp; b) the magnetic field is draped around anq Hagfors, T., 225-249, Plenum, New York, 1983.

the day side magnetopause; c) later on, the draped magnetigowley, S. W. H. and Lockwood, M.: Excitation and decay of so-

field reconnects at the high latitude southern magnetopause lar wind-driven flows in the magnetosphere-ionosphere system,
tailward of the cusp. Further to that, other contributions to  Ann. Geophys., 10, 103-115, 1992.

the delay could be at play, e.g. asymmetric solar wind travelCrooker, N. U. and Rich, F. J.: Lobe cell convection as a summer
times in the NH and SH magnetosheath, asymmetric loca- Phenomenon, J. Geophys. Res., 98, 13403-13407, 1993.

tions of the lobe reconnection sites, different conditions of Freeman, M. P., Farrugia, C. J., Burlaga, L. F., Hairston, M. R.,

the NH and SH ionosphere. The investigation of such possi- Gréenspan, M. E., Ruohoniemi, J. M., and Lepping, R. P. The
bilities lies beyond the aim of this paper. Interaction of a Magnetic Could With the Earth: lonospheric

e . . . L. Convection in the Northern and Southern Hemispheres for a
The f'nd'n_gs on different 'merhem's_phe”c lime responses  yyjige Range of Quasi-Steady Interplanetary Magnetic Field Con-

to IMF rotations and on the SH variation of the backscatter gitions. J. Geophys. Res., 98, 7633-7655, 1993.
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