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Lin et al., 2009Lin et al., 2009

First 3D WSA structureFirst 3D WSA structure



THE PREVIOUSLY PROPOSEDTHE PREVIOUSLY PROPOSED FORMATION MECHANISMS FORMATION MECHANISMS 
OF OF WSA AND WSAWSA AND WSA--LIKE LIKE ANOMALIESANOMALIES

1.1. Solar UV and EUV ionization and thermospheric windSolar UV and EUV ionization and thermospheric wind [[Dudeney and Dudeney and 
Piggott, Piggott, 19781978]]

2.2. Plasma transport from the day side Plasma transport from the day side ininto the night side to the night side through the polar through the polar 
caps caps due to the magnetospheric convection [due to the magnetospheric convection [PenndorfPenndorf, , 19651965]] ((formation formation 
of of ““tongue of ionizationtongue of ionization””))

3.3. Declination, inclination, and the divergence of the geomagnetic Declination, inclination, and the divergence of the geomagnetic field field 
lines [lines [Horvath and EssexHorvath and Essex, , 20032003;; HorvathHorvath, , 20062006]]

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

5.5. Horizontal plasma flows in the South Atlantic Horizontal plasma flows in the South Atlantic MMagnetic agnetic AAnomalynomaly
region [region [Rastogi, Rastogi, 1960,1960, Horvath and LovellHorvath and Lovell, , 20092009aa]]

6.6. Plasma inflow from the plasmaspherePlasma inflow from the plasmasphere [[Burns et alBurns et al., ., 20082008]]
7.7. Close relationship with the EIA [Close relationship with the EIA [Burns et alBurns et al., ., 20082008;; Lin et alLin et al., ., 20092009]]
8.8. Soft particle precipitations [Soft particle precipitations [Pavlov and PavlovaPavlov and Pavlova, , 2007,2007, Danilov et alDanilov et al., ., 

20032003]]
9.9. Vertical Vertical E E ×× B plasma B plasma drift [drift [Burns et alBurns et al., ., 20092009;; Horvath and LovellHorvath and Lovell, , 

20092009bb]]
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Effectiveness of neutral wind in vertical plasma transportEffectiveness of neutral wind in vertical plasma transport



H. Liu et al.,2010H. Liu et al.,2010
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noonnoon



Vertical ExB plasma drift 
mechanism  (Burns et al., 2011)Burns et al., 2011)

Our opinion: Upward vertical transport due to neutral wind

What is the explanation of such pattern?

Auroral 
heating

Auroral 
heating

Equatorward wind



Lin et al., 2010Lin et al., 2010
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The main reasons for the formationThe main reasons for the formation of theof the Weddell Sea AnomalyWeddell Sea Anomaly
and Yakutsk Anomaly and Yakutsk Anomaly according to our understandingaccording to our understanding

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

2.2. The main source of thermospheric wind is the heating by the UV aThe main source of thermospheric wind is the heating by the UV and EUV nd EUV 
radiation on the dayside, the Joule heating and the heating by tradiation on the dayside, the Joule heating and the heating by the precipitating he precipitating 
auroral electrons on the nightside. The superposition of these sauroral electrons on the nightside. The superposition of these sources generates ources generates 
the maximum the maximum inin meridional equatorward wind on the nightside when the meridional equatorward wind on the nightside when the 
geomagnetic pole is located on the dayside. As a result the merigeomagnetic pole is located on the dayside. As a result the meridional wind dional wind 
velocity on the nightside velocity on the nightside havehave maximmaximumum at geographical meridian ~105at geographical meridian ~105°° E. E. 

33. . The discrepancy between geographic The discrepancy between geographic 
and geomagnetic axies leads to that tand geomagnetic axies leads to that the he 
effectiveness of the wind in the vertical effectiveness of the wind in the vertical 
plasma transport along the geomagnetic plasma transport along the geomagnetic 
field lines is proportional to the field lines is proportional to the sinIsinI××cosIcosI ((II
is the magnetic inclination), which is is the magnetic inclination), which is 
maximal on the longitude ~105maximal on the longitude ~105°° E in the E in the 
Northern Hemisphere andNorthern Hemisphere and on the longitude on the longitude 
~75~75°° W in the Southern Hemisphere. W in the Southern Hemisphere. 0 30 60 90 120 150 180 210 240 270 300 330 360
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The scheme  showing the basic 
formation mechanisms of the Yakutsk 
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 
geographic and geomagnetic poles, and 
b) the magnetospheric plasma 
convection (shown by isolines) from the 
day to night side across the polar cap 
that forms a tongue of ionization (in the 
color scale it ts shown the distribution of 
foF2). 

44. The plasma at heights . The plasma at heights ofof the ionospherthe ionospheree F region in high latitudes drifts from the F region in high latitudes drifts from the 
dayside to the nightside through the polar capdayside to the nightside through the polar capss under the action of the under the action of the 
magnetospheric convection electric field across geomagnetic fielmagnetospheric convection electric field across geomagnetic field linesd lines
producing the tongue of ionization.  It is shown that tongue of producing the tongue of ionization.  It is shown that tongue of ionization have ionization have 
longitudinal variation with maxima near to WSAlongitudinal variation with maxima near to WSA--like anomalies.like anomalies.

5. Plasma accumulation regions that formed near to WSA and YA by5. Plasma accumulation regions that formed near to WSA and YA by zonal ExB zonal ExB 
plasma drift can be additional mechanism for WSA and YA formatioplasma drift can be additional mechanism for WSA and YA formation.n.
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Thank you very much Thank you very much 
for your attentionfor your attention


