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Abstract. Using data from WIND spacecraft, we inves- the solar wind parameters (Shukhtina et al., 2005; Miyashita
tigated the difference in substorm bulge development duret al., 2003). The progress of substorm activity down the
ing different types of solar wind flow: solar wind recur- magnetospheric tail, which is displayed in the ionosphere
rent streams (RS), corotating interaction regions (CIR), mag-as a substorm poleward expansion up to high geomagnetic
netic clouds (MC), and the region of interaction of magnetic latitudes, is controlled by the solar wind velocit, and
clouds with undisturbed solar wind (Sheath). The RS/CIRthe southward componest; of the interplanetary magnetic
and MC/Sheath structures were examined for the perioddield (Gussenhoven, 1982; Zverev et al., 1979; Dmitrieva and
December 1996-July 1997; January 2000-December 200®Bergeev, 1984; Yahnin et al., 2004). At the same time, it
October 2001. All available auroral substorms observed byhas been shown that at high latitudes, substorms occur more
the Ultra Violet Imager onboard the Polar spacecraft duringfrequently during solar minimum conditions (Dmitrieva and
these periods were studied. It is shown that the largest latituSergeev, 1984; Despirak et al., 2008), and correlate with the
dinal and longitudinal sizes of the auroral bulge expansionssolar wind recurrent streams (Sergeev et al., 1979). This
are during CIR and Sheath intervals. We found a differencemeans that substorm expansion is not governed soleljxby

in auroral bulge parameters for MC- and RS-associated suband Bz IMF but also by the structure of solar wind flow.
storms. In contrast to substorms associated with RS, the lati- Solar wind flow may be different depending on the state
tudinal size of the auroral bulge during MC is smaller, but of solar activity. Thus during solar minimum, the recurrent
longitudinal size is larger. As consequence, the ratio be-streams (RS) originating from coronal magnetic holes, char-
tween longitudinal and latitudinal sizes for MC-associatedacterized by 27-day recurrence, are predominant (Krieger
substorms is also larger. We suggest that the latter feature it al., 1973; Pudovkin, 1996). During solar maximum,
explained by different configuration of the near-Earth mag-most common are sporadic flows associated with coronal
netotail during RS and MC. mass ejections (CME) (Wang and Sheeley, 1994; Webb and

Keywords. Magnetospheric physics (Auroral phenomena; Howard, 1994). Near the Earth they are observed as mag-

Solar wind-magnetosphere interactions; Storms and subPetic clouds (MC) (e.g., Burlaga et al., 1982). Ahead of both
storms) MC and RS, the regions of interaction with undisturbed solar

wind (Sheath and CIR) are known to form, which are char-
acterized by high density, increased pressure and strong IMF
variability.

To relate peculiarities in substorm dynamics to varying so-
It is variations in the solar wind conditions that majorly gov- /& wind conditions, itis important to understand how differ-
ern the development of substorm disturbances. The substonfit Solar wind structures affect the substorm expansion. In
poleward expansion, as well as auroral bulge formation andnis Study, we consider substorm development against a back-
dynamics, are determined by the amount of energy accumudround of magnetic clouds (MC), recurrent streams (RS),

lated in the magnetospheric lobes, which, in turn, depends oAnd regions of their interaction with undisturbed solar wind
' ’ ' (Sheath and CIR). It should be noted that three of these struc-

) tures, namely, Sheath, CIR, and MC, are the sources of ge-
Correspondence td: V. Despirak omagnetic storms (e.g., Gonzalez et al., 1990; Tsurutani et
BY (despirak@pgia.ru) al., 2006). Furthermore, the storms associated with MC,
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Sheath, and CIR, differ in intensity, recovery phase duration, The solar wind and interplanetary magnetic field parame-

etc. (e.g., Huttunen et al., 2006; Pulkkinen et al., 2007; Yer-ters were taken from the WIND satellite data (SWE and MFI

molaev and Yermolaev, 2006). Therefore, we will search fordata with 1 min resolution were used). The X-component of

distinctions in the development of substorms occurring dur-the solar wind velocityy, the southward IMF component

ing both geomagnetic storms connected with the MC, SheattBg, and dawn-dusk component of the interplanetary electric

and CIR, and rather quiet “non-storm” periods of RS. field Ey are chosen as measure of the solar wind/IMF influ-
The purpose of this study is to clear up how four different ence. We used the values of these parameters averaged over

solar wind structures (MC, Sheath, CIR, and RS) affect thetwo hours up to the time of maximum substorm development,

auroral bulge development. We use the optical data of sub- - X - X

storm development from the Polar satellite which are com-"¢" Vx=N 1.121 Vxiy Bs=N l'igl Bsi (Bsi=—Bz, for

pared with interplanetary medium parameters measured by _ _ LY
the Wind satellite. Bzi=<0, and Bs;=0, otherwise), andEy=N""3_ Ew;

i=1
(EWi=EYiE[ViXBi]Y1 for Ey;>0, and Ew;=0, other-
wise), whereV~120. Two hours averaging interval was cho-
sen to include both the growth phasé h (see, e.g., McPher-
. . ron, 1970) and expansive phase h (see, e.g., Akasofu,
The auroral bulge development is studied by Polar UVI dat 964) up to maximum substorm development, since energy

in the LBHL band (1600—180@). A special procedure is . :
Lo : input from the solar wind to the magnetosphere may continue

used for determination of the boundary and the size of thedurin substorm explosive phase as well, if the interplanetar

auroral bulge from the Polar UVI images. The luminosity 9 P P ' P y

of the UV aurora is divided into 25 intervals according to magnetic field _(IMF) keeps the southward d|r_ect|on. _
I=1p-10*", wherelp~3.2 photonscm?s~1, A=0.1, andh The magnetic c_Iou_ds (MC) are_cha_lracterlzed as regions,
is the interval number. A background level of the auroral ovalWhere the magnetic field strength is higher than the average,

luminosity for every considered substorm was determined adh€ density is relatively low, the magnetic pressure strongly

the luminosity observed before the substorm onset at the ongxceeds the ion thermal pressure, the magnetic field direc-

set meridian. The auroral bulge area is defined as the arelon changes through the cloud by rotating parallel to a plane

where the auroral luminosity is at the level next above the"VNich is highly inclined with respect to the ecliptic (Burlaga
etal., 1982).

background. Typically, under relatively quiet (non-storm) ) ) _ _
conditions, this corresponds to level of the photon flux of In front of the magnetic cloud there is a region of inter-
10-25 photons cf? s~L. However, under storm-time condi- action with undisturbed solar wind (Sheath). This region is
tions the selected level for the auroral bulge determinationcharacterized by an increase in pressure, temperature, and
can reach up to 200 photons cis~L. Further, the onset lat- density of the solar wind.

itude (Lo) is determined as the lower latitude at the selected Two examples of magnetic cloud observation are shown in
luminosity level of the first UV aurora spot during the sub- Fig. 1. On the left panels, one can see the SW and IMF data
storm. The same selected luminosity level is used to conduring the passage of second magnetic cloud of the Bastille
trol the auroral bulge expansion (note, that for this only spotsDay event (15-16 July 2000). Here we have used the Geotalil
connected with the onset one was considered, not the othegatellite data from OMNI set because of a temporary gap in
separated spots at different locations). The same luminosthe WIND data during this event. On the right panels, the
ity level is used to define the maximal latitude of the bulge WIND data during MC on 17-18 September 2000 are given.
developmentX,,;) as well as maximal latitudinall(») and The events of magnetic clouds as well as the start and
longitudinal dimensions of the bulgé ). finish times of their observation were taken fronmttp:

As assumed, the storms and substorms are different mag#lepmfi.gsfc.nasa.gov/mfi/magoud publ.htm! All auro-
netospheric/ionospheric dynamical processes (e.g., Tsurutamal substorms observed by Polar during 15 MCs for the year
and Gonzalez, 2006). If a substorm occurs during the stornr2000, in October 2001, December 1996 and from January to
time, it has the same typical signatures as a substorm develluly 1997 were studied. All substorms were divided into 2
oping during non-storm conditions. Namely, on the Polargroups: substorms observed during the passage of the mag-
UVI auroral images one can see: (1) the burst of luminousnetic clouds (21 events, 1st group), of the Sheath (11 events,
spot, (2) expansion of spot to the pole and in longitude, and?nd group). For 6 magnetic clouds, substorms have been
(3) decay of spot. Development of substorm bulge duringobserved from Polar during both Sheath and MC, whereas
the storm time has the same time scale as “usual” substorm$or 5 (4) events substorms have been observed only during
i.e., from 10 min up to an hour. Therefore we will determine the passage of one structure: MC (Sheath). In 3 cases from
the parameters of auroral bulge during storm-time condition®21 events of 1st group the substorms occurred in the begin-
in the same way as for “usual” substorms, of course, takingning of the magnetic cloud when, e.g., a substorm growth
into account the higher background level of the auroral ovalphase was realized during the Sheath interval and an expan-
luminosity during storm-time conditions. sive phase occurred at the time of MC passage. In the other

2 Data
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Fig. 1. Total magnetic fieldB (black line) and north-south componeBy of IMF (red line), Y-component of the interplanetary electric

field Ey, X-component of the solar wind velocityy, solar wind proton density and proton temperatufg for two cases of MC/Sheath
observation close to 1 AU. The intervals of observation of MC and Sheath are marked by pink and grey colour, respectively. Vertical blue
lines mark the start and finish of MC/Sheath structures. The times of substorm observation onboard the Polar spacecraft are marked by
vertical black dashed and solid lines, where the solid line correspond to the time of maximum development of substorm, for which the Polar
UVI data are shown below, in Fig. 3.

cases from 1st group the substorms have been observed materaction with slower streams (CIR). CIR is determined as a
less than 2 h after the MC beginning. All substorms of 2ndregion with magnetic field and plasma compression (Balogh
group occurred in the middle or nearer to the end of Sheattet al., 1999).

region. For the examples shown in Fig. 1, the times of sub-
storms observation by Polar during Sheath/MC structures arg,
indicated by vertical black lines.

Two examples of recurrent stream observation are shown
Fig. 2. The left (right) panels correspond to the recur-
rent stream passing on 11-13 January 1997 (27 February—1
Recurrent streams are determined as high-speed stream’gl,a.rCh 1997). The start and_flnlsh “”.‘e for the .CIR anc_i RS
which reappear in each solar rotation, thus giving 27—daysreg'(?nS passage are de_ztermmed by visual data inspection ac-
periodicity in the occurrence of these streams. The recur—Cordlng to their properties.
rent streams are characterized by increased solar wind veloc- We selected all substorms during the passage of recurrent
ity (Vx| >500km/s), and lower (than the average) density; streams in the period of December 1996, January and Febru-
the duration of these streams~8—4 days (e.g., Pudovkin, ary 1997 (6 recurrent streams in total), for which Polar satel-

1996). In front of the recurrent stream there is a region of thelite data were available. All substorms were divided into 2

www.ann-geophys.net/27/1951/2009/ Ann. Geophys., 27, 19533-2009



1954 I. V. Despirak et al.: Development of substorm bulges

CI RS
10 %
'E- 'E— i ! ] %
i o 0
3 = = !
m it
@ -10 —| i
N H‘WH U LU UL i i
5 |
E £ - f
S >
: 2 o ‘ At
Lu>\ Lu>~ -
5 |
B AL AL L WAL LY LRI I
. . -400 —w‘
£ E ] _,rw’“
* *
> >
-600 —
T TIT[TTTTITTTT
150 — 20
o i @ |
§ 10 §
= | = 10 —
0] ] i
_ I - ,
750000 —{TTTTTf{efr TP TR T T T A T T 750000 —rm TIT[TTTTITTTTT
500000 — 500000 —
¥ | X |
E E
250000 — M 250000 —
0 TTTTTIT \}\}\i‘\HH\H\H‘\\\:\\\I\}\H‘H\}\1HH\}\‘\}HHHHH‘H\HHHH 0 ‘HHH\HH}‘\ \\}\EH\H\‘\H\}H\H\}\}‘HHH\HH‘}\}HH\}HH\‘HHHHH\
00:00 12:00 24:00 36:00 48:00 60:00 72:00 12:00 24:00 36:00 48:00 60:00 72:00 84:00
11.01.1997 12.01.1997 13.01.1997 28.02.1997 01.03.1997
(a) (b)

Fig. 2. The format is the same as in Fig. 1, but for the RS/SIR events. The pink and grey colours mark the intervals of observation of RS and
CIR, respectively.

groups: substorms observed during the passage of the recuser 2000 (shown in Fig. 1b), and in Fig. 3d — the one dur-
rent streams (72 events, 1st group), and of the CIR (26 eventsng CIR of 28 February 1997 (shown in Fig. 2b). The blue
2nd group). The majority of selected substorms occur at leasturve delimits the bulge region on each auroral image. In
2 h after the beginning of corresponding structure. Figs. 1-2 the vertical black solid lines indicate the time of
The total durations of the selected intervals are equal tanaximum substorm development. The substorm of 15 July
about 440, 190, 320, and 130h for the RS, CIR, MC, and2000 occurred during the main phase of the magnetic storm,
Sheath structures, respectively. under the extremely large values of the solar wind velocity,
southward IMF, and dawn-dusk component of the IEF (see
Fig. 1a). For this case the background level of the auro-
3 Results ral oval luminosity before the substorm onset was equal to
158 photons cm?s™1.

In Fig. 3 examples of auroral bulge development during the In Table 1 the parameters of auroral bulge for these 4
passage of 4 different solar wind structures, given in Figs. 1-examples are given. There are the latitudes and sizes of
2, are shown. In Fig. 3a, the substorm development duringhe bulge and the ratio between bulge sizes. We note that
MC of 15 July 2000 (shown in Fig. 1a), is presented; in the bulge latitudinal size is not equal to the difference be-
Fig. 3b — the one during RS of 11 January 1997 (shown intween the onset and maximum latitudes. This is because
Fig. 2a), in Fig. 3c — the one during Sheath of 17 Septem-this size is measured at the moment of maximum substorm

Ann. Geophys., 27, 195196Q 2009 www.ann-geophys.net/27/1951/2009/
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Fig. 3. Examples of substorm development by Polar UVI data during the passage of different solar wind structures: magnééy; cloud
recurrent streartb), Sheath(c) and CIR(d). On each auroral image the blue curve delimits the bulge region.

development. A comparative analysis of these exampleshat for substorms of the RS category. The substorm pre-
shows that the auroral bulge was formed at very low geo-sented on Fig. 3b developed undgr~—550 km/s and z~—
magnetic latitudes during MC, whereas three further exam-1.5nT during a non-storm intervalD{;~—28). The sub-
ples refer to the “high latitudinal” substorms, for which the storms illustrated on the bottom panels (3¢ and 3d) devel-
poleward edge of the auroral bulge propagated up to veryoped under high values of solar wind parametérg~—
high latitudes {80° CGLAT). The event shown on the up- 705km/s and-585km/s;B;~-12.5nT and-5.5nT). The

per panel of Fig. 3a is an example of substorm develop-Sheath-associated substorm (Fig. 3c) was observed at the
ment under extremely high values of solar wind parame-“initial” phase of storm D,;~—61), whereas CIR-associated
ters (Vx~-1022km/s,B;~-35nT) and the auroral bulge substorm (Fig. 2d) occurred during the storm main phase
dynamics during magnetic storm main phagg,(~—-198). (Dy;~—67).

For this extreme event the ratio between longitudinal and o o )
latitudinal sizes of the bulge is maximal. It will be shown AS seen from Table 1, the latitudinal and longitudinal di-
below that for the other substorms of the MC category theMensions of the auroral bulge of substorms, occurred dur-

ratio between bulge sizes is also higher in comparison with"d MC, Sheath, RS, and CIR, are different. This difference

manifests more clearly in Fig. 4, where these dimensions are

www.ann-geophys.net/27/1951/2009/ Ann. Geophys., 27, 19533-2009
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Table 1. Latitudes and sizes of the auroral bulge and ratio between bulge sizes for four solar wind structures (MC, RS, Sheath and CIR).

Solarwind Onset latitude Maximal latitude  Latitudinal size  Longitudinal size  The ratio between longitudinal and

structure {CGLAT) (°CGLAT) (LF) (°CGLAT) (Ly) (°CGLAT) latitudinal sizesL4/LF)
MC 50.5 68.7 16.3 289 17.7
RS 64.0 79.3 18.0 73 4.1
Sheath 56.7 80.3 22.0 221 10.0
CIR 55.3 82.3 25.6 226 8.8
25 — 25 —
] ] +
: . SHEATH
5 20 ] 20 7
g ] ]
g ] ] ——+
o 15— 15
E E RS . —+
s - . CIR
= 10 po il 10
] + MC ]
5_||||||||||||||||||||||||| 5 TTTTTTTTTI T T T T T T T T TT T
0 50 100 150 200 250 0 50 100 150 200 250
Longitude size, deg. Longitude size, deg.
RS+—+—+ SHEATH +—4+—+
MC +—4—+ +—+—— CIR
[ T T T T T 1 [ T T T T T 1
4 8 12 16 4 8 12 16
Ld/ L. Ld/ Le

Fig. 4. The median values, first and third quartiles of distribution of auroral bulge parameters for MC and RS (left column), Sheath and
CIR (right column). The upper panels show the latitudinal and longitudinal sizes, and the bottom panels present the ratio of longitudinal to

latitudinal sizes.

compared. Here are presented the median values of latitusizes of the bulge are very large: the latitudinal sizes are
dinal and longitudinal sizes, first and third quartiles of their comparable to the bulge sizes for RS-associated substorms,
distributions. On the left panel, one can see the longitudinalWwhereas the longitudinal sizes are comparable or larger than
and latitudinal bulge sizes and their ratios for the substormghose for MC-associated substorms.

during MCs and RS's, on the right panel —those for CIR-and |t is considered how the solar wind parameters influence
Sheath-associated substorms. For RS-associated substorng$, the latitudinal location of auroral bulge edges for MC-,
the latitudinal size of the auroral bulge is, in average, largercir-, Sheath-, and RS-associated substorms. In Fig. 5 are
than for MC-associated substorms. An opposite relationshighown the onset and maximum latitudes versus the solar
holds true for the longitudinal sizes, the average value bewind parameters. The panels, from left to right, present the
ing higher for MC-associated substorms. The effect becomegatitudes dependences on the solar wind velddigy, on the
more evident if we examine the ratio of latitudinal and lon- southward IMF componer&ts, and on the dawn-dusk com-
gitudinal dimensions of the bulge for RS and for MC events. ponent of the interplanetary electric field. The upper (bot-
This ratio is rather stable and always less for MC than for RStom) panel in Fig. 5 shows the dependencies for magnetic
events. In particular, this ratio for MC-associated substormcloud (CIR), the second (third) panel shows the dependencies
shown in Fig. 3a is 4.4 times less than that for RS-associategor recurrent streams (Sheath). As one can see from Fig. 5,
one given in Fig. 3b. For Sheath and CIR conditions, thethe difference between the onset and maximum latitudes for

Ann. Geophys., 27, 195196Q 2009 www.ann-geophys.net/27/1951/2009/
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Fig. 5. Onset (blue symbols and line) and maximum (red symbols and line) latitudes of auroral bulge depending on the radial component of
the solar wind velocity (the left panels), the southward IMF component (the middle panels), and the dawn-dusk component of the interplan-
etary electric field (the right panels). The upper (bottom) panels show the dependencies for magnetic cloud (CIR), the second (third) panels
show the dependencies for recurrent streams (Sheath).
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all types of substorms increases with the increase of all conthat occupies a wider MLT sector of the near Earth tail. The
sidered interplanetary parameters. The onset latitude deformation of an intense thin current sheet provides favourable
creases in all cases. For RS, CIR, and Sheath-associated sutenditions for driving magnetic reconnection in this region,
storms the maximum latitude increases with the increase ofvhich may be a cause of substorm (e.g., Yahnin et al., 2006).
all solar wind parameters. However, for MC-associated sub-Therefore, the substorm can develop in a wider longitudinal
storms the maximum latitude decreases with the increase adector, without propagating far down the magnetospheric tail.
the solar wind velocityVx|. The dependence abs andEy Different “geometry” of auroral bulge under MC and RS
is not evident because of strong impact of the outlier pointsconditions, can explain the fact that substorms at high lati-
with extremely large values aBs and Ey. However, itis  tudes predominantly occur during the period of solar mini-
possible to assert that in the MC category of substorms thenum (Dmitrieva and Sergeev, 1984; Despirak et al., 2008).
maximum latitude increases slowly with the increaseBgf It is known that substorm expansion to high latitudes is as-
and Ew in comparison with the RS category. Indeed, exclu- sociated with large values of the solar wind velocity and
sion of two outlier points leads to increase of the slope of theof the southward IMFBs component (Gussenhoven, 1982;
fit from 0.02 to 0.65 for dependence @&y and from—0.02  Dmitrieva and Sergeev, 1984; Weatherwax et al., 1997;
to 0.97 for dependence diyy, whereas for substorms in the Zverev et al., 1979). However, during magnetic clouds even
RS category the slope is equal to 1.31 and 2.46 for depenif the values of| Vx| and Bs are extremely high, the auroral
dence onBg and Ey, respectively. It is also seen that the bulge develops at low latitudes. The bulge area is a measure
auroral bulge developed at higher latitudes during recurrenbf magnetic flux at the ionospheric level, the flux through the
streams than during magnetic clouds. bulge being equal to that stored in the tail before the substorm
onset (Shukhtina et al., 2005). On the other hand, this stored
flux is proportional to the solar wind electric field, driving
4 Discussion reconnection on the magnetopause. Yahnin et al. (2004)
showed that for the fixed values of the solar wind electric
We found a difference in auroral bulge “geometry” for MC- field and of IMF By, the auroral bulge area is nearly the same
and RS-associated substorms. The auroral bulges of sulin the periods of solar minimum and solar maximum. Still, as
storms that are observed during magnetic clouds are, in avebne can see, the auroral bulge “geometry” is different. Dur-
age, wider in longitude and narrower in latitude than those reing MCs, the substorm can develop in a wider longitudinal
lated to recurrent streams (Fig. 4). In addition, we found thatsector, and then larger bulge area (associated with large re-
during MC, the ratio of latitudinal and longitudinal dimen- connected magnetic flux under high valuegé§| and Bs)
sions of the bulge is rather stable and always less than thaloes not necessarily mean a substorm expansion to very high
for RS. In other words, during MC the auroral bulge has alatitudes. During RS’s, the auroral bulge “geometry” is dif-
relatively small latitudinal size, for it is more extended along ferent: the bulge is more extended in latitude and narrower
longitude. in longitude; the ratio of the longitudinal and latitudinal sizes

The reason for such different “geometry” of the auroral several times decreasing. Thus the RS-associated bulge of
bulge may be in different configuration of the geomagneticthe same area will develop at higher latitudes. In addition, as
tail during the MC and RS. As arule, the magnetic clouds, asshown in this study, the substorms during MCs start at lower
well as the Sheath and CIR, are associated with geomagnetiatitudes than those during RS’s (Fig. 5, see also Yahnin et
storms (e.g., Wilson, 1987; Tsurutani et al., 2006), while al., 2004; Grard et al., 2004). Under solar minimum (maxi-
during the passage of recurrent streams, the storms do nehum) conditions, it is RS’s (MCs) that majorly contribute to
typically occur. This is the case for the events examinedgeomagnetic activity (e.g., Richardson et al., 2000). Accord-
in this study: all MC-associated substorms here consideredhgly, substorms at high latitudes predominantly occur in the
were observed against a geomagnetic storm background, gieriods of solar minimum. They are very rare in the periods
either storm main phase or recovery phabg ¢—-110); the  of solar maximum.
substorms that occurred during Sheath, referred to the be- It should be noted that the “high-latitude” substorms can
ginning of storm D,,;~—40); the substorms observed dur- also occur during Sheath events. However, they do not con-
ing recurrent streams corresponded to non-storm conditiongibute much to the overall picture of high-latitude substorm
(Ds;~-18); the CIR-associated substorms referred to eithebccurrence under solar maximum conditions, since the du-
non-storm intervals If;;, ~—20) or to CIR-associated storm ration of such events is short compared to that of magnetic
development D, ~—67). cloud events (Despirak et al., 2008).

The configuration of the geomagnetic tail strongly changes The area of the auroral bulges associated with Sheath and
under storm conditions. As shown by Pulkkinen et al. (2006),CIR is the largest. Such bulges are most extended in both lat-
the storm-time geomagnetic tail is more stretched. Pulkkineritude and longitude. Perhaps, this is due to the influence of
et al. (2006) considered the substorms occurred during théhe compressed, highly dense solar wind plasma (Yermolaev
passage of MC on 22 October 2001 and showed that undegt al., 2005). The auroral bulge area can considered as a mea-
MC-associated storms, an intense thin current sheet formsure of the magnetic flux dissipated in the magnetotail during

Ann. Geophys., 27, 195196Q 2009 www.ann-geophys.net/27/1951/2009/



I. V. Despirak et al.: Development of substorm bulges 1959

substorm and also a measure of energy dissipation both in the netic cloud and a coronal mass ejection, Geophys. Res. Lett., 9,
magnetotail and ionosphere (Yahnin et al., 2006). Hence one 1317-1320, 1982.

can expect that larger dissipated flux and also larger energipespirak, I. V., Lubchich, A. A., Biernat, H. K., and Yahnin, A. G.:
dissipation in the magnetotail must occur during substorms Poleward expansion of the westward electrojet depending on the
associated with Sheath and CIR than during substorms in the Selar wind and IMF parameters, Geomagnetism and Aeronomy,
course of MC when the input energy and driving are largest 48, 284-292, 2008.

This result is in accordance with the conclusion of the recen.tDmitrieva’ N. P. and Sergeev, V. A.: The appearance of an auroral
electrojet at polar cap latitudes: The characteristics of the phe-

paper by Palmroth et al'_(2007?' _ln this paper, the solar wind nomenon and the possibility of its use in predicting large-scale
— magnetosphere coupling efficiency as response to the so- high-speed solar wind streams, Magnitosfernye Issledovaniia, 3,
lar wind dynamic pressure impulses was investigated. It was 5866, 1984 (in Russian).
shown, that the magnetosphere uses the energy of a weakegrard, J.-C., Hubert, B., Grard, A., Meurant, M., and Mende, S. B.:
driver more efficiently, whereas during the stronger drivers Solar wind control of auroral substorm onset locations observed
the energy is more inefficiently used. However, the consid- with the IMAGE-FUV imagers, J. Geophys. Res., 109, A03208,
eration of this effect is beyond the scope of the present paper d0i:10.1029/2003JA010129, 2004.
and requires further investigations. Gonzalez, W. D., Gonzalez, A. L. C., and Tsurutani, B. T.: Dual-
peek solar cycle distribution of intense geomagnetic storms,
Planet. Space Sci., 38(2), 181-187, 1990.
. Gussenhoven, M. S.: Extremely high latitude auroras, J. Geophys.
5 Conclusion Res., 87, 24012412, 1982.
. Huttunen, K. E. J., Koskinen, H. E. J., Karinen, A., and Mursula, K.:
The auroral bulge “geometry” differs for substorms occur-  Asymmetric development of magnetospheric storms during mag-
ring during the solar wind recurrent streams and magnetic netic clouds and sheath regions, Geophys. Res. Lett., 33, L06107,
clouds. This is evidenced by difference in the ratio of auroral doi:10.1029/2005GL024894, 2006.
bulge longitudinal and latitudinal dimensions. In particular, Krieger, A. S., Timothy, A. F., and Roelof, E. C.: A coronal hole
during MC conditions the auroral bulge is confined in lati-  and its identification as the source of a high velocity solar wind
tude and extended in longitude. We relate this to storm-like stream, Solar Phys., 29(2), 505-525, 1973. _
configuration of the near-Earth magnetotail, which is very McPherron, R. L.: Growth phase of magnetospheric substorms, J.
stretched in wide range of MLT. ‘Geophys. Res., 75, 55925599, 1970. _
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