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Velocity shear-related ion upflow in the low-altitude ionosphere
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Abstract. Strong ion upflows with field-aligned velocity stabilities (i.e. Buneman instability, ion cyclotron instability,
above 1000 mis! were observed by the European Incoherentand ion-acoustic instability) are considered to be important
Scatter (EISCAT) UHF Radar at Tromsg, Norway in the day-energy sources (Ungstrup et al., 1979; Forme et al., 1993).
side auroral region at heights between 500—-600 km duringlrhese mechanisms, however, generally cannot operate at al-
the 15 May 1997 magnetic storm. Both the EISCAT obser-titudes below 1000 km (Forme et al., 1993; Ganguli et al.,
vations and the Assimilative Mapping of lonospheric Elec- 1994). On the other hand, energization must take place at
trodynamics (AMIE) simulation results show that this event low altitudes if we are to explain the fluxes, energies, and
occurred in a region with low Joule heating rate, but with composition of ion flows observed at high altitudes. There-
strong velocity shear. During the same period, the electrorfore, there is a real need for a low-altitude ion energization
density and temperature showed no sign of soft particle premechanism.

cipitation, which is consistent with the UVI images fromthe  Soft particle precipitation has been recognized as an-
POLAR satellite, thus excluding possible ion energization other important source for ion energization at low altitudes.
through soft particle precipitation. Our simple calculation By using simultaneous EISCAT Svalbard Radar (ESR) and
shows that the velocity shear can provide sufficient energyEISCAT VHF observations, Ogawa et al. (2000) found that
for the observed ion upflow, thus suggesting shear-driven inion upflows are associated with a significant anisotropy of
stabilities as a possible heating mechanism. the ion temperature, isotropic increases of the electron tem-
perature, and soft particle precipitation. A good correlation
between ion outflows and auroral precipitation has been re-
ported recently by Tung et al. (2001) near the nightside polar
cap boundary. Liu et al. (1995) demonstrated by using sim-
ulations that soft electron precipitation can rapidly enhance
the F-region ionization and the electron temperature, leading

Upward flowing ionospheric ions have been recognized as art10 astrong upward plasma expansion.
P 9 P 9 Studies of velocity shear-driven instabilities suggest the

important part of the ionosphere-magnetosphere coupling Ir}?xistence of other mechanisms. Simulation of electrostatic

recent years. They are observed at various magnetic loc .
. ) . urbulence due to sheared flows transverse to the magnetic
times and altitudes from a few hundred kilometers to several.

Earth radii ®,), by both ground-based radars and satellites ield shows that velocity shears can lower the threshold val-

(Yau et al., 1985; Lockwood et al., 1985; Loranc et al 1991_ues for the field-aligned current-driven instabilities to ex-
2 i v ' X 'cite electrostatic waves, thus energizing ions at lower alti-

Liu etal., 2001, Fu1|.| etal, 20.02).' Vanogs.mechams_ms haVetudes (Ganguli et al., 1988; Nishikawa et al., 1990). Romero
been proposed for ion energization. Frictional heating, such

as Joule heating, is often considered to be the energy sour et al. (1992) reported the occurrence of a coherent structure

for ion upflows at F-region heights (Keating et al., 1990) Butc(%ortex-like) of the electric field potential and significant res-
" ) onant ion acceleration in the nonlinear evolution of lower

the distribution function sometimes reveals perpendicular ionh L . . . )
. o . hybrid instabilities. The growing waves are associated with
heating that cannot be accounted for by frictional heating

“small vortices in the linear stage, which evolves into a non-

alone, therebyll_ndmatlng the presence of wave hea}tlng Vinear state dominated by larger vortices with lower hybrid
plasma instabilities (Whalen et al., 1991). Current-driven m_frequencies becoming a potential source for ion heating.

Correspondence td4. Liu lon upflow associated with velocity shears has been re-
(huixin@gfz-potsdam.de) ported in Hilat satellite observations in the cusp/cleft region
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Fig. 1. The height profile of the field-aligned ion velocity at four & 0.05 B 3 ,‘/N \\/\/\V\ /\ ,f/\/\ . 1
consecutive times on 15 May 1997. Positive means upward. m Y WV ! \’\] U \/jw
PR | ‘
at 800 km altitude (Tsunoda et al., 1989). To further examine g 1071 L .
the plausibility of the shear-related ion energization mecha- 55 10-2i oo M /\ (/\ /\\ ]
nism, we present a case study of a strong ion upflow observe¢ 10" EA/‘/ \J\ﬂ w/ | Kﬁ
by EISCAT radar at an altitude range between 500—-600 km g 4 i AT 3
on 15 May 1997. Convection patterns derived from the As- » 10 "¢ ; E
similative Mapping of lonospheric Electrodynamics (AMIE) § 10E 3 3 .
procedure show that this ion upflow occurred near a convec- 6 9 é% 15 18

tion vortex where a strong velocity shear was observed. Cal-
culation of the shear energy shows that it can provide suffi-

. . Fig. 2. The EISCAT measurements on 15 May 1997. The first and
cient energy for the observed ion upflows.

second panels show the electron density and temperature averaged
between 350-600 km during 08:30-09:30 UT. The third and fourth
panels show the electric field and the Joule heating during 06:00—
2 Radar Observations 18:00 UT. LT=UT+1 h; MLT=UT+2.4 h.

The EISCAT Tromsg UHF radar is located at BN geog.  1000ms® at 550 km altitude at 08:55 UT, which is very
(66° N geom.). Four parameters are routinely derived fromunusual at this altitude. The velocity dropped to values be-
the radar observations, namely, the electron density, the eledew 200 ms! afterwards. The electron density and temper-
tron and ion temperature, and the line-of-sight ion velocity. ature averaged over 350—600 km during 08:30-09:30 UT are
The line-of-sight ion velocity measured approximately along shown in the first two panels of Fig. 2. They showed no
the local geomagnetic field direction is generally referred tosign of large enhancements before 09:00 UT, indicating the
as the field-aligned ion velocity at F-region heights. The lack of soft particle precipitations (Millward et al., 1999).
E x B drift velocity can be determined by a tri-station mea- The Joule heating rate calculated from the EISCAT measure-
surement. Detailed descriptions of the EISCAT radar systemments (Davies et al., 1997) is shown in the bottom panel
can be found in Rishbeth and van Eyken (1993). of Fig. 2. Note that the Joule heating rate dropped below
The 15 May geomagnetic storm started at 01:59 UT with1 mWn2 between 08:30-09:00 UT.
a storm sudden commencement. Thg index reached a Figure 3 shows the clockdial plot of the ion drift velocity
minimum of —120nT at 12:00 UT, and tha E value was  perpendicular to the geomagnetic field measured by EISCAT.
about 2000 nT at 12:35 UT. The ion upflow burst studied hereDuring the 24 h period, ion drifts at EISCAT experienced
occurred during 08:43-08:55 UT, which was during the mainseveral changes. The drift speed was below 50'rbgtween
phase of the magnetic storm, with increasing duskward IMFQ0:00 and 07:00 LT (except for one outlier a03:00 LT,
By, and relatively stable southward IM§;. which is not of interest to this study), but reached more than
Figure 1 presents the height profile of the field-aligned ion1500 ms® during 13:00-17:00 LT. A large velocity reversal
velocity observed at four consecutive times. From 08:43 UT,occurred around 10:00 LT~09:00 UT) when the ion drift
the upward field-aligned ion velocity showed continuous in- rotated from poleward to equatorward, coinciding with the
crease at altitudes above 400km. It reached more thastrong ion upflows observed by EISCAT.
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ION VELOCITY PERP. TO GEOMAGNETIC FIELD heating rate during the period of 08:30-09:00 UT was very

EISCAT Troms . H=250 km low, allc.tually. close to the mipimum value for the day. There-
12h fore, itis unlikely to be the direct source for the observed up-
' flowing ions. The low electron density and temperature in the
F-region indicated that no soft particle precipitation occurred
during this period. This is further corroborated by the UVI
images from the POLAR satellite, showing that EISCAT was
located equatorward of a very faint dayside aurora at the time
when the intense ion upflow was observed. These evidences
thus exclude possible heating by soft particle precipitations.
L-48R+- - - - EESEGE 06h- - Field-aligned current-driven instabilities have also been
proposed to be a possible mechanism (Ungstrup et al., 1979;
Satyanarayana et al., 1985; Forme et al., 1993). However, the
maximum field-aligned current density derived from both the
EISCAT observation (the divergence of the horizontal cur-
rent) and the AMIE procedure during 08:30-09:00 UT was
only about 1.uAm~—2. This value is much lower than the ap-
proximate 2QuAm~—2 threshold required to excite’Gon cy-
00h clotron waves at these altitudes (Satyanarayana et al., 1985).
(LT) May 15, 1997 Therefore, the field-aligned current-driven instabilities can-
’ not be directly invoked for the transverse heating in this case.
As mentioned in the Introduction, studies of velocity
shear-driven instabilities have shed light on the existence
of new mechanisms for ion energization at low altitudes.
Ganguli et al. (1994) demonstrated theoretically that even
3 AMIE Results a small amount of velocity shear in the transverse flow is
sufficient to excite a large-scale Kelvin-Helmholtz mode,
The AMIE technique is used to derive the snapshots of largewhich can nonlinearly steepen and give rise to plasma waves
scale ionospheric convection patterns and other electrodyin the range of ion cyclotron to lower hybrid frequencies.
namic parameters, such as field-aligned currents (Richmon@hese waves are potential sources for ion heating (Walker
and Kamide, 1988). Data inputs for this particular event in-et al., 1997; Amatucci et al., 1998). Another possibility
clude a global network of ground magnetometers (121 in to-is that the velocity shear can lower the threshold for field-
tal), the SuperDARN radars, and global auroral images fromaligned current-driven instabilities to excite ion cyclotron
the Polar UVI (see Lu et al. (1998) for more details and refer-waves, thereby heating the ions at low altitudes (Nishikawa
ences). Figure 4 shows the convection patterns derived fronet al., 1990). According to Ganguli et al. (1994), the power
AMIE for the period of 08:40-09:05 UT on 15 May 1997. density transferred by the instabilities to thé @ns from
One can see that the EISCAT radar (represented by the lethe convection flow isP~2.7x10 *BwJm2s 1. The
ter “E” on the convection maps) was located near the cengrowth rate (or frequency) of the instabiliy is gener-
ter of a convection vortex at about 11:00 MLT, which later ally above 18s1. And =AV;/V;, whereV; is the av-
merged with the duskside convection cell. This is fully con- erage velocity of the convective flows amdV; is the av-
sistent with the convection velocity measurements from ElS-erage change of its velocity due to dissipation by instabili-
CAT shown in Figure 3. We should note that during this ties. Taking the growth rate as low as~10?s1, we ob-
time interval two of the SuperDARN radars in Pykkvibaer tain P~2.7x10-28Jm2s 1. Assuming that any change
and Hankasalmi did not obtain sufficient back scatters oveiin the convective velocity from its steady state value is re-
the Tromsg region. The small convection vortex shown in thestored to its original or a new steady-state value via instabil-
AMIE convection maps was determined mainly by ground ities, we roughly calculaté\ V; as the product of the wave
magnetometers over the Scandinavian region, along wittlgrowth time (~10-2s) and the average changing rate of the
ionospheric conductances derived from global auroral im-convective velocity <2 ms2 from Fig. 3). This yields an
ages. The AMIE results also show that the convection vortexestimate ofAV; to be 2<102ms1. Taking the average
is associated with upward field-aligned currents, with a max-v; during 08:40-09:00 UT as 500nT% we then obtain

1000 m/s

Fig. 3. The ion velocity perpendicular to the geomagnetic field ob-
served by EISCAT. A significant reversal occurred around 10:00 LT.
LT=UT+1h.

imum current density of1.0Am—2. the value of~4x10~° for 8 during the corresponding pe-
riod. Therefore, we hav@~1.1x10%Jm2s 1. Thisis
4 Discussion more than ten times higher than the power density needed for

accelerating the observed upflowing ions, which is approxi-
Three mechanisms have been proposed for ion energizatiomately 8.410-8Jm2s1 (taking the average ion density
at F region heights, namely, Joule heating, soft particle pre-during 08:40-09:00 UT to be5x10°m~—2 and the average
cipitation, and velocity shear. As shown in Fig. 2, the Joulefield-aligned ion velocity to be-500 m s°1). Therefore, the
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Fig. 4. Convection patterns on 15 May 1997 derived from AMIE. The letter “E” represents the location of EISCAT (near 11:00 MLT). The
convection contours are shown as solid lines where the AMIE procedure infers an uncertainty in the large-scale electric field of less than
50%, and as dashed lines where the uncertainty exceeds 50%.
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velocity shear was able to provide sufficient energy for theLoranc, M., Hanson, W. B., Heelis, R. A., and St.-Maurice, J.-P.:

ion upflow burst during this event. A morphological study of vertical ionospheric flows in the high-
Velocity shear-related ion upflows have also been observed latitude F region, J. Geophys. Res. 96, 3627-3646, 1991.

by other radars (i.e. Sondrestrom radar) at F-region heightsY: G.. Baker, D. N., McPherron, R. L., Farrugia, C. J., Lum-

(Semester et al., 2003). Similar analysis of energy involved Merzheim, D., Ruohoniemi, J. M., Rich, F. J., Evans, D. S.,

in these events is expected to further elucidate the energiza- l(‘aepi’/'lﬂg.’ R;] P'I'_Brt'tma'\‘;he_rlth" Li'Jx‘l'\AGrean?'dMﬁli' Solgko'
tion mechanism via velocity shear. - viain, J., Lester, W., thayer, J., Moretio, 1., Miling, .,

Troshichev, O., Zaitzev, A., Odintzov, V., Makarov, G., and
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