International Reference Ionosphere (IRI)
Workshop 2013 “IRI and GNSS”

Olsztyn, June 24 - 28, 2013

Formation of Weddell Sea and Yakutsk Anomalies
INn foF2 Diurnal Variations
and Their Manifestation in the Topside lonosphere

Klimenko V.V.}, Klimenko M.V.}, Karpachev A.T.2, Ratovsky K.G.3,
Zakharenkova |.E.%, Cherniak lu.V.}, and Stepanov A.E.*

1 West Department of Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio
Wave Propagation, RAS, Kaliningrad, Russia, email: maksim.klimenko@mail.ru

2 Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, RAS,
Troitsk, Moscow Region, Russia, email: karp@izmiran.ru

3 Institute of Solar-Terrestrial Physics, SB RAS, Irkutsk, Russia, e-mail:
ratovsky@iszf.irk.ru

4Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy, SB RAS, Yakutsk, Russia,
e-mail: a_e_stepanov@ikfia.ysn.ru



First 3D WSA structure
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THE PREVIOUSLY PROPOSED FORMATION MECHANISMS
OF WSA AND WSA-LIKE ANOMALIES

. Solar UV and EUV ionization and thermospheric wind [Dudeney and
Piggott, 1978]

. Plasma transport from the day side into the night side through the polar
caps due to the magnetospheric convection [Penndorf, 1965] (formation
of “tongue of ionization™)

. Declination, inclination, and the divergence of the geomagnetic field
lines [Horvath and Essex, 2003; Horvath, 2006]

. Big difference between the positions of geographic and geomagnetic
poles [Lin et al., 2009]

. Horizontal plasma flows in the South Atlantic Magnetic Anomaly
region [Rastogi, 1960, Horvath and Lovell, 2009a]

. Plasma inflow from the plasmasphere [Burns et al., 2008]

. Close relationship with the EIA [Burns et al., 2008; Lin et al., 2009]

. Soft particle precipitations [Pavlov and Pavlova, 2007, Danilov et al.,
2003]

. Vertical E x B plasma drift [Burns et al., 2009; Horvath and Lovell,
2009Db]



Effectiveness of neutral wind in vertical plasma transport
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What is the explanation of such pattern? 2.50E +08
hmF2 2006-2008 Southemn Summer UT 0

Vertical ExXB plasma drift
mechanism (Burns et al., 2011) .
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Our opinion: Upward vertical transport due to neutral wind
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Figure 8. Schematic diagram shows the possible formation mechanism of the midlatitude summer
anomaly. The longitude sector of this diagram is around the Northeast Asia sector (~135°E). It is noted
that the geometry of the schematic does not reflect the realistic magnetic field line configuration.

Linetal., 2010
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foF2 Local Summer in the Northern Hemisphere
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Weddell Sea Anomaly (IR1-2012) December 22
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The main reasons for the formation of the Weddell Sea Anomaly
and Yakutsk Anomaly according to our understanding

1. UV and EUV fluxes in local Summer are one of the main reasons of WSA and
YA formation

2. The main source of thermospheric wind is the heating by the UV and EUV
radiation on the dayside, the Joule heating and the heating by the precipitating
auroral electrons on the nightside. The superposition of these sources generates
the maximum in meridional equatorward wind on the nightside when the
geomagnetic pole is located on the dayside. As a result the meridional wind
velocity on the nightside have maximum at geographical meridian ~105° E.

3. The discrepancy between geographic
and geomagnetic axies leads to that the ool
effectiveness of the wind in the vertical oy oo ... ... . . .. .
plasma transport along the geomagnetic «
field lines is proportional to the sinkcosl (I g :
IS the magnetic inclination), which is
maximal on the longitude ~105° E in the
Northern Hemisphere and on the longitude
~75° W in the Southern Hemisphere.

In dipole approach
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4. The plasma at heights of the ionosphere F region in high latitudes drifts from the
dayside to the nightside through the polar caps under the action of the
magnetospheric convection electric field across geomagnetic field lines
producing the tongue of ionization. It is shown that tongue of ionization have
longitudinal variation with maxima near to WSA-like anomalies.

5. Plasma accumulation regions that formed near to WSA and YA by zonal ExB
plasma drift can be additional mechanism for WSA and YA formation.

The scheme showing the basic
formation mechanisms of the Yakutsk e

anomaly: a) the meridional wind (shown ==
by arrows) from the day to night side
over the North Pole that is maximal on

the meridian passing through the v AN e 2100
geographic and geomagnetic poles, and lht _- 2 Lol ———
b) the magnetospheric  plasma ‘\ e R

30° SR il ral: s W 180°

convection (shown by isolines) from the
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Weddell Sea and Yakutsk Anomalies in IEC, TEC and PEC

delta IEC (TECU) Winter Max 24 LT-12LT

delta TEC (TECU) Winter Max 24 LT-12LT

delta PEC (TECU) Winter Max 24 LT-12LT

Longitude (deg)

delta IEC (TECU) Summer Max 24 LT-12LT

““’E

0

‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘
0 30 60 90 120 150 180 210 240 270 300 330 360

Longitude (deg)
delta IEC ( TECU) W|nter Min 24 LT 12 LT
‘ [ ‘ |

Latitude (deg)

Longitude (deg)
delta TEC (TECU) Summer Max 24 LT-12LT

Latitude (deg)

0
15 > -15
o)

.30 T -30

- O

45 S 45

.60 2 60

.75 ® 75

90 -90 L I O I I R N A R R [T T[T T[T TT]

0 30 60 90 120 150 180 210 240 270 300 330 360 30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360

Longitude (deg)
delta PEC (TECU) Summer Max 24 LT-12LT

0 ‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘
0 30 60 90 120 150 180 210 240 270 300 330 360

Longitude (deg)

delta TEC (TECU) Winter Min 24 LT -12LT
Lo |

0‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘
0 30 60 90 120 150 180 210 240 270 300 330 360

Longitude (deg)
delta PEC (TECU) Winter Min 24 LT 12 LT

0 [ ‘ [ ‘ [

60 120 150 180 210 240 270 300 330 360
Longitude (deg)

delta IEC (TECU) Summer M|n 24 LT-12LT

60 90 120 150 180 210 240 270 300 330 360

Longitude (deg)
delta TEC (TECU) Summer Min 24 LT-12LT

90 120 150 180 210 240 270 300 330 360

0 . 0 [ 1
-15 > 15— D -15
@ o}
-30 T 30— T 30
45 g -45—] g 45
60 2 60— 2 60
® ©
75 8 75 [ s
90 \\‘ T ‘\\ [TT]TT ] 90— ‘\\ [T T[T TT] 90 I N R
0 0

30 60
Longitude (deg)

delta PEC (TECU) SummerMin 24 LT-12LT

0

‘\\ ‘\\‘\\‘\\

> o) > 75

@ @

) S 60

[ ©

g L 45

2 2 30

® ©

| 1 15
‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘ O‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘ 0‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘\\‘
60 90 120 150 180 210 240 270 300 330 360 0 60 90 120 150 180 210 240 270 300 330 360 60 90 120 150 180 210 240 270 300 330 360

Longitude (deg)

Longitude (deg)

Longitude (deg)



(/)

(pafumayuonno-
Anmennsr KOMAHIHOU emnpupyHILIEE
paduoaurul yempadembn

roygy
Ly,
oy 7

fTanenu coanewHoi

\ ( famapeu

Aumerna HG- 338 ;
Omgex HaywHau

annagamypsl

Thank you ver uch
for your attention



