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Abstract. In this work, we have shown that the ionospheric 1 Introduction

azimuthal plasma velocity jets near the open-closed field line

boundary on the nightside can be associated with the peaklectric fields from the solar wind are mapped to the high
in the ionospheric conductivity gradient. Both model and latitude ionosphere, creating horizonfalx B plasma drift,
DMSP observations have been utilized to conduct this in-also called convection. The convection depends on the IMF
vestigation. The model tests show that when the gradienglirection (e.gHeppner and Maynard 987 Weimer, 1996.

of conductivity in the poleward boundary becomes sharper,The convection pattern can be measured using satellites,
convection peaks appear around the poleward edge of the atiddars, and ground based magnetometersHegpner and
rora. The model results have been confirmed by DMSP obMaynard 1987 Ruohoniemi and Greenwald996 Rich-
servations. Hundreds of large ion flow events are identifiedmond and Kamide1988 Lyons et al, 1996 Wang et al.
from one year DMSP observations, with flow speed larger2008. When global patterns of the convection are compiled,
than 500 m/s that occurred poleward of the aurora. Amoncthey are typically smoothed and there are few localized fea-
them, 280 (74%) events are found to be associated with contures in the pattern. When individual traces of satellite or-
ductivity gradient peaks. Most of the convection jets occur in bits are examined, however, significant structure is often ob-
winter when conductivity gradients are expected to be largeserved. For example, intense ionospheric F-region east-west
The convection jets tend to occur at later local times (21:00-flow jets or enhanced electric fields are frequently recorded
22:00 MLT) at 70—72 MLat. These events are preceded by by satellites at high latitude near the open-closed field line
increasing of the merging electric field suggesting that theyboundary (e.gKarlsson and Marklund1996 Burke et al,
occur after the expansion of the polar cap. Both observationt994 Hamza et a/.200Q Ridley et al, 2002).

and model results show that the conductivity gradient at the The rapid plasma flow jets on the dayside (06-12-18 MLT)

polar cap boundary are one of the important elements in eshave been studied widely in the literature, including their de-
tablishing the convection jets. pendencies on solar wind, IMF conditions and seasons (e.g.

o ] Clauer and Ridley1995 Ridley and Clauer1996 Provan
Keywords. lonosphere (Electric fields and currents; Plasmaand Yeoman 1999 Milan et al, 2001 Ruchoniemi and

convection) — Magnetospheric physics (Polar cap phenom'Greenwald 2005. Several mechanisms were proposed for
ena)

this phenomena, such as Kelvin-Helmholtz instability (e.g.
Clauer and Ridley1995 Ridley and Clauer1996 or IMF
By related reconnectiorPfovan and Yeomari999. Fur-
thermoreMilan et al.(2001) found that the influence of IMF
By on the dayside flow bursts is greater in the summer than
in the winter.

Opposed to the dayside, the rapid plasma flow jet on the
nightside aurora boundary has been rarely studied statisti-

Correspondence td:1. Wang cally. Only event studies have been conducted, and it was
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(h.wang@whu.edu.cn) suggested that the plasma flow burst events in the midnight
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sector are related to the processes in the magnetotail plasmmaan 1995 Amm, 1996,

sheet boundary, which might be an element of the substorm

(e.g.Burke et al, 1994 Hamza et a].2000 or to the convec- JR(R,0,4) =

tive transport after reconnection in the more distant tail, not
directly related to substorm&(ocott et al. 2004 Grocott

et al, 2008. These studies have suggested the plasma fast
flow is attributed mainly to magnetotail processes. Since the
open-closed field line boundary is proximate to the poleward
boundary of the auroral oval, it is worthwhile to investigate
whether the flow bursts may be due to the conductivity struc-
ture.

Previous studies have shown that ionospheric conductiv-
ity has a strong effect on the magnetospheric dynamics (e.g.
Raeder et a).200]). Fedder and Lyor§1987) proposed that
on a global scale, as Pedersen conductivity increases, the
electric potential will decrease, and the current will change.
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an intrinsic voltage source nor an intrinsic current source. . )

simplistically, one expects that when the conductivity de- WhereC = ZocoS'e + SpsirPe, ¢ is the angle between the
creases, the flow velocities will increase. Therefore, the fasfadial direction and the magnetic field, is colatitude,y
flows observed by DMSP may be caused by a decrease iff ongitude, andZo, Zp, and Xy are field-aligned, Peder-
conductivity. Previous studies have shown that gradients irS€N. and Hall height integrated conductances, respectively
the Hall conductivity can cause the potential pattern to be(for more information, the reader is referredRalley et al,
asymmetric from dawn to dusk (e.Ridley et al, 2004 2004. ) _ o

Sandholt and Farrugi®009. However, statistical studies By assuming that the potential and conductivity are homo-
are still failing to explicitly describe the effect of the iono- 9eneous in the longitudinal direction (this is common near
spheric conductivity gradient on the nightside fast flows. d@wn and dusk), and that the field lines are vertical, which is
This paper examines whether gradients in the Pedersen coilid in the high latitude region, we can simplify Eq. (1) as
ductance plays a role in the development of fast flow jets. 1

Spatial and temporal variations of the ionospheric conduc-jr = 2 (
tivity are primarily due to solar radiation and precipitation of

magnetospheric particles. The particle precipitation-relatedrpg northward directed electric field can then be described
Pedersen conductivity depends primarily on the electron avyq Ey= _((ss%_ The above relationship can be expressed as

erage energy gnd_ energy flukle(rdy .et al, 1987, while R = —%(%(ZPEQ)). This reflects a simple relationship
the solar radiation induced conductivity depends on both th R . T
. LT . etween the northward directed electric fielk] and Ped-
level of extreme ultraviolet (EUV), which is approximated by
! . -2 ersen conductancé&p).
the F10.7 index, and the solar zenith angle. The solar driven ; L .
L ; . . Solving the above function in a numerical way, we have
conductivity varies smoothly over large spatial scales, while . o
. . assumed that duskside R1 and R2 FACs exhibit sin wave
the aurora can vary radically over small scales. It is therefore o o . .
shaped latitudinal profiles in the auroral region, as shown in
. ) L . ?—?g. 1, while the auroral Pedersen conductance is shaped as
spatially confined fast flows to occur, it will most likely hap- : 5 .
a sin wave (left) and sf¥° wave (right) superposed ona 1S
pen near the auroral oval. . .
_ _ _ ~ background conductance. Using sin wave and%iwave
_Inthis paper, we investigate the dependence of the nightshaped conductance, we have run the model twice.
side convection jet on the conductivity gradient by using both - The |eft figure assumes that the auroral boundaries are
model results and DMSP satellite observations. quite smooth, while the right figure shows the aurora to have
sharp boundaries, with strong gradients. The electric poten-
tial and electric field can then be solved by using Eq. (2).
This solution is shown as solid line. We then determine the
contribution from the gradient in the conductivity by neglect-
ing the term“s% (i.e. setting it to zero) in Eq. (2). This results
The relationship between the electric potenti&) @nd the in the dotted curve.
radial component of the field-aligned currenjg)(is jr = It can be seen, that fo% =0 the electric field struc-
V) -(X-V®), whereX is the ionospheric conductance ten- ture does not change much when the conductivity gradient
sor. This relationship can be expanded as follows @apd- becomes steeper at the edges, when comparing the left plot

)

32p5q>+2 82
50 56 ' T2

2 Model results
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to the right. Since there is more conductivity in the®sin

case, the electric field (when the conductivity gradient is ne- 12
glected) is diminished. But fol=2 # 0, when the gradient _ o ]
of conductivity becomes larger, the electric field structure be- 2 6 ]
comes more complicated with several peaks occurring at the  “ ‘Z‘Z 1
edges. Since the Pedersen conductivity on the nightside cai 9
change suddenly and dramatically at the boundary of the au- T os| ]
roral oval, the‘ga—z(,P term is expected to have an importantef- 3 o
fect on the electric field structure. From this analysis, we 5 -05f 8
predict that jumps in cross-track velocity are associated with _ -1 ) = ) ) )
the sudden changes in the ionospheric conductivity. The neg- £ .| s SR ]
ative peaks irVy (anti-sunward flow) near P3atitude might % 0 — N
resemble flow bursts in DMSP observations. ﬁl'—i -50 8
& -100 : : : : :
s 20 - L; 7\ T T T T
3 Satellite observations of fast flows = w T ]
g -40 1
The DMSP satellites sample polar regions~&835 km al- g o] ‘ ‘ ‘ ‘ ‘ 1
titude along orbits of fixed local times. The orbital period 2000 : — : : : 1
is approximately 100min. One of the satellites (F13) has z 1099t o I

a near dawn-dusk orbit and two (F14, F15) have 09:30-— % P e E e ——

21:30 MLT orbits. The DMSP satellite tracks are confinedto ~ 339t ‘ ‘ ‘ ‘ ‘ 1
the MLT sector of 15:00-22:00 MLT, leaving a midnight gap % 65 70 75 80 85 20

in the MLT coverage. Among various scientific instruments Magnetic Latitude (°)
onboard, the instruments of primary interest for this study 1of ' ' ' ' ]
are the ion drift meter (IDM) and the electron spectrometers & 24m ]
(SSJ/4). The ion drift velocities in the horizontal and vertical ~— «* 4} 1
direction perpendicular to the satellite track are derived from é : . : ]
the IDM data Rich and Hairston1994. The DMSP SSJ/4 - !
instruments monitor the energy flux of electrons and ions in £ 0'2' 1
the range of 30 eV to 30 keV that precipitate from the Earth’s % o5l ]
magnetosphereHardy et al, 1984). Robinson et al(1987) a ‘ ‘ ‘ ‘ ‘
have described the relationship relating the energy flux and g ®
the average energy of the electrons with the height-integratec E S0¢ —\_ A 1
ionospheric conductivity. Here we make use of this empirical § _52 i - 1T — 1
relation. W 100

For this study, rapid convection flow is defined as a clearly 28 _\

identifiable large ion flow poleward of the aurora oval. A
threshold of flow velocity greater than 500 m/s is used for se-

lection. The poleward boundary of the aurora oval is found :gg ‘ ‘ ‘ ‘ ‘ ]
automatically by computing the auroral Pedersen conduc-  3239¢ ' ' ' ' Mo ]
tance along the DMSP path and determining the peak con-g 1000¢ o~ o aseeo ]
ductance, then stepping poleward until the conductance is_- -138§1 ******** R
reduced to 0.2 times the peak value or 1S, whichever is  -1500¢ ]
smaller. These criteria are based on the findingroshichev 60 65 70 75 80 85 £y

et al. (1996 that the diffuse electron and ion precipitation Magnetic Latitude (°)

is one order of magnitude or more weaker in the polar cap_ ] ) ] ] ] )
than in the auroral oval. The selected orbits are further vi-Fi9- 1. Numerical simulation of high latitude plasma dynamics.
sually inspected to fully satisfy the above criteria. One yearFrom top to bottom frames show the Pedersen conductivity (sin

: wave on the top, sf?> wave on the bottom), field-aligned currents
of DMSP measurements during 2002 have been process ACs, sin wave) and the derived electric field, potential, and az-

and 378 rapid convection flow events are identified. AMoNg;mtha) velocity (positive denotes sunward) from Eq. (2) (real line).
them, 280 (74%) events are associated with conductivity graajso shown are the derived electric field, potential, and azithual

dient peaks. These 280 events are considered and termediocity when the conductivity gradient is neglected in Eq. (2) for
convection jet events in the following. comparison (dashed line).

=20+ 4
—40 - 4

Potential(kV)
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Fig. 2. Examples of the observed latitude profile of Pedersen conductiy, (ts latitudinal gradient{ Xp/dMLat), and the ionospheric
convection velocity y) as obtained from DMSP F13 on 20 November 2002 and 14 December 2002, F14 on 27 November 2002, and F15
on 27 January 2002. The enhanced anti-sunward (negative) plasma drift near the auroral boundary is the plasma jet, which is coincident
with the jump of the Pedersen Conductivity. The peak velocity of the jet is indicated by the dashed line. The UT, MLat, and MLT where the
velocity peak occurs are also given.

Four examples of convection jets in the north polar regionfor each event. All these parameters describe the position
are shown in Fig2. From top to bottom it shows latitude pro- where the jet velocity peaks. Only the convection jet obser-
files of Pedersen conductance due to particle precipitationyations in the Northern Hemisphere are considered in this
the latitudinal gradient of the Pedersen conductance, and thstudy, and the inter-hemispheric comparison will be left for
ionospheric convection. The enhanced conductivity due tdfuture studies.
particle precipitation represents the auroral oval. The large
sunward (positive) flow in this region is the auroral plasma
convection. For all events the aurora has clear poleward; Statistical results
boundaries, that is, with strong latitudinal gradients. The
enhanced anti-sunward (negative) plasma drift poleward o#4.1 MLT and MLat distribution
the auroral precipitation is the convection jet. The UT, MLat
(magnetic latitude), and MLT (magnetic local time) where The identified jet events are binned by magnetic local time
the velocity peak occurs are listed in the plots. (1h bins). The number of events has been normalized to

The time (UT), position (MLT, MLat) and magnitude of the number of DMSP passes over that MLT bin. Fig@re
peak velocities of the convection jets are listed in a catalog(left frame) shows the occurrence frequency of jet events

Ann. Geophys., 28, 96976, 2010 www.ann-geophys.net/28/969/2010/
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Fig. 4. Occurrence frequency of convection jets as a function of

60 . IMF clock angle.

ditions during which the jet events occur are therefore in-
1 vestigated. Figurd shows the occurrence frequency of jet
events as a function of IMF clock angle, which is defined as
] 0 :tan‘l(By/BZ) in GSM coordinates. The IMF and solar
wind parameters have been propagated from ACE to the day-
i side magnetopause at 12 Re by using all three velocity com-
ponents of solar wind (The propagation has been done by the
, standard procedure described on the omni web page:
/lomniweb.gsfc.nasa.gov/html/HROdocum.html#Bhe so-

lar wind and IMF parameters at the magnetopause are aver-
aged over 20 min periods before the times of the event de-
tection Geérard et al. 2004). It can be seen that most of
the events occur under southward IMF conditions, that is,
Fig. 3. Distribution of fast plasma jets. Top shows the occurrence 0] > 90°.

frequency of convection jets as a function of MLT. Bottom shows A superposed epoch analysis of the merging electric field,
the number of events as a function of MLat. E, has been made. As the key time the detection of the flow

burst was used.E, is defined asy, /B§+Bzzsin2(9/2)

as a function of MLT. The bars reflect the percentage of(€-9-Kan and Lee 1979, whereusy is the solar wind ve-

DMSP passes that measure jets. Jets exhibit occurrend€City andé is the clock angle of the IMF defined in GSM

peaks around 21:00-22:00 MLT. We do not have data aftefoordinates. Figur® shows the average evolution &

22:00 MLT so we do not know what happened to the distri- ©n€ hour before and after the jets. It can be seen Ehat

bution outside this MLT sector. shows an increase starting about 40 min before the jet. The
The jets are then binned by magnetic latitude kins). ~ Peak value is reached at the time of the jet.

Figure 3 (right frame) shows the resulting distributions of

the number of the jet events as a function of MLat, reflecting4-3 Seasonal variation

a clearly preferred MLat location. The distribution peaks at

Number of events

ol ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
60-62 62-64 64-66 66-68 68-70 70-72 72-74 74-76 76-78 78-80
MLat (°)

70°=72 MLat. Figure 6 shows the occurrence frequency of jet events as a
function of season. Most of the events occur in the winter
4.2 Solar wind and IMF condition season and least events occur during summer. This is as ex-

pected since the conductivity pattern is dominated by solar il-
It would be interesting to see whether there are interplandumination in summer, which exhibits preferably large scale
etary configurations favorable for the jet events to occur.variations. While in winter, the conductivity is particle pre-
The solar wind and interplanetary magnetic field (IMF) con- cipitation induced, generating more small-scale variations.

www.ann-geophys.net/28/969/2010/ Ann. Geophys., 28, 9682010
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Fig. 5. Superposed epoch analysis of merging electric filgh, (blue) andd £p/dMLat| (green). Monthly means are plotted.

occurring during convection jets. The key time, 0, corresponds to
the jet observation timeEy has been propagated from the ACE
satellite to the dayside magnetopause. The bars indicate the uncer-

tainties of the 10 min averages.
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Discussion and conclusion

In this work, we have shown that the cross-track velocity jets
near the open-closed field line boundary can be associated
with the peaks in ionospheric conductivity gradients. Both
model and DMSP observations have been utilized to conduct
this investigation. From the model test (Flg.it can be seen,
when the conductivity gradient is neglected in the calculation
(that is, ‘35% =0), the convection in the aurora region is re-
duced in magnitude with larger conductivity but the structure
does not change too much at the poleward edge%ﬁnﬁé 0,
when the gradient of conductivity in the poleward boundary
becomes sharper, there is a peakVijnemerging near the
poleward edge of the aurora (see Rgight frame), which
resembles the flow bursts in DMSP observations. When one
year of DMSP data are processed, hundreds of large ion flow
events are identified with flow speeds larger than 500 m/s
occurring poleward of the aurora. Among them 280 (74%)
events are found to be associated with conductivity gradient

Fig. 6. Occurrence frequency of convection jet events as a functionpeaks. The large probability of the coincidence between the

of season.

jets and the conductivity gradients from observations as well
as the model results may indicate that the conductivity gra-

Figure7 shows the velocity as a function of season (blue dient at the polar cap boundary is one important element in
line). Overplotted is the monthly average of the conductivity establishing the convection jets. The important effect of the
gradient (green line). As expected, the Pedersen conductivitgonductivity gradient on the convection jets has also been no-
gradient is large in the winter and small in the summer. Theticed previously bySandholt and Farrugi&009. Based on
velocity also maximizes in the winter and minimizes in the several event studies at the dawn and dusk sec@arsiholt
summer. The coincidence is clear for the months of June anénd Farrugig2009 found that for a small conductivity gra-
December (see Fig). But for all the other months no clear dient the convection jet was absent, while in case of a sharp

seasonal variation is emerging.

poleward boundary the fast (2—3 km/s) flow can be observed.

When we try to find a direct correspondence between the When looking at the seasonal variation, it can be seen that
gradient of Pedersen conductivity and the jet velocity, wemost of the jet events occur in the winter season (B)g.
obtain a bad correlation between these two parameters, inshen conductivity gradients maximize (Fig). Although
dicating there is no simple linear relation between these twave did not find a direct linear relationship between the jet

quantities.

Ann. Geophys., 28, 96976, 2010

velocity and the conductivity gradient, we observed that the
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the different MLT ranges under investigation. The preferred
occurrences of the jet events in the premidnight sector (see
Fig. 3) makes sense. Here we expect the upward FACs on
the poleward side of the oval, which are known to be more
efficient in enhancing the conductivity. Also the latitude of
highest event detections-(72° MLat) corresponds well with

the latitude of R1 FAC for the average merging electric field
of E;y > 1.6 mV/m prevailing before the event.

From a joint interpretation of observations and model pre-
dictions we propose a scenario for the generation of the
plasma flow jet. Before the event we have a steady plasma
convection. Due to magnetic field merging open flux is added
to the tail and the polar cap expands. The equatorward re-
treat causes steep conductivity gradients to occur, especially
on the duskside. On the equatorward edge the conductivity
gradients are expected to be smooth after the polar cap ex-
pansion. For that reason plasma flow jet are forming at the
poleward boundary of the premidnight auroral oval.

E} We have tried to reproduce this situation with our model.
> b 1 For the set up we used a combination of the two conditions
20002 o5 20 Py P ps % shown in Fig. 1. The conductance profile has a sine wave
Magnetic Latitude (%) shape in the lower latitude half and a % in the pole-

ward half. Field-aligned currents are kept unchanged. The
Fig. 8. Same as Fig. 1 except that Pedersen conductivity has a simesults are presented in Fig. With these obvious features
wave at the equatorward half and a%f wave at the poleward  the observed plasma convection can be reproduced. There is
half, which is a combination of the two conditions shown in F|g 1. a broad Sunward plasma ﬂOW in the auroral reg|on and the

Field-aligned currents are kept unchanged. sudden switch to antisunward at the steep conductivity gra-
dient.

convection jet maximizes in the winter season and minimizes |n summary, we have provided convincing evidence that

in the summer season (Fig). the steep conductivity gradients at the poleward boundary of

The convection jets may be one element of the substormhe auroral oval in the premidnight sector are the cause for
processesHamza et a.2000. We have checked the sub- the plasma flow jets. These jets form preferably in the dark
storm onset event catalogue during 2002 as reportdétdy  ionosphere where precipitating particles are the main cause
et al. (2009 and tried to find coincidences with convection for the conductivity. Flow jets do not seem to be related to
peaks. Among the 378 rapid fast flow events, only 29 eventsubstorm events, but they occur during times of enhanced
occur less than 30 min after the onsets. We regard this ageconnection when the polar cap expands.
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