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SMILE (Solar wind Magnetosphere Ionosphere Link Explorer): 
 A New Mission to Image the Magnetosphere
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SMILE is a novel space mission, currently under development, dedicated to study the dynamic
coupling of the solar wind with the Earth’s magnetosphere in a global way never attempted so far.
From a highly inclined elliptical Earth orbit, SMILE will obtain X-ray images of the magnetosheath
and polar cusps simultaneously with UV images of the Northern aurora, while also carrying out in
situ solar wind/magnetosheath plasma and magnetic field measurements. 
Remote sensing of the magnetosphere with X-ray imaging is now possible thanks to the relatively
recent discovery of solar wind charge exchange (SWCX), which were first observed at comets, and
subsequently found to occur in the vicinity of the Earth’s magnetosphere. SMILE will turn what is
unwanted  background  for  astronomical  observations  into  a  diagnostic  tool  for  the  study  of
solar-terrestrial interactions, enabling us to trace and link the processes of solar wind injection in the
magnetosphere with particle precipitation into the cusps and the aurora.
SMILE  is  the  first  fully  collaborative  space  mission  from  inception  to  implementation  and
operations between European Space Agency (ESA) and the Chinese Academy of Sciences (CAS). It
was approved by ESA and CAS in 2015, and is expected to be launched in 2021 ~ 2022.  This talk
will present the science that SMILE will deliver and its impact, model simulations, and will provide
an overview of its payload and of the mission’s development.
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Acceleration of solar energetic particles by coronal mass ejection shocks is considered. We have
studied the influence of the region behind the shock front on the acceleration process. The external
boundary of the coronal mass ejection and the shock front are specified as coordinated segments of
spherical surfaces with the different radii.  In  the calculation we consider nonstationarity of the
process, spherical symmetry, and adiabatic losses of particle energy in the extending environment.
The influence of the accelerated particles on dynamics of the system and the turbulence level of the
magnetic field are not involved in the study. The performed numerical calculations show that the
acceleration rate and accordingly the maximum energy in the spectrum are determined by the ratio
between coefficients of particle diffusion in regions behind and ahead of the shock front. It was
found that the initial coronal mass ejection radius defines the intensity of accelerated particles.



Quasi-periodic acceleration of electrons in the flare on 2012 July 19
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Quasi-periodic pulsations (QPPs) of nonthermal emission in an M7.7 class flare are investigated
with  spatial  resolved  observations  at  microwave,  HXR  band  and  with  dynamic  spectra  at
decimetric, metric waves. Microwave emission at 17 GHz of south footpoint and loop leg, HXR
emission at  20-50 keV of north footpoint and loop top and type III  bursts  at  0.7-3 GHz show
prominent in-phase oscillations at 270s. By estimation of plasma density around loop top, we find
that the source of type III bursts at 1.5 GHz are located around there. This indicates that energetic
electrons are originated above loop top and travel downward to loop top, loop legs and even to
footpoints.  In  overlying region, drifting pulsations at  200-600 MHz oscillate at  200s.  Its  global
structure drifts towards low frequency, which is closely related to the upward ejection of plasmoid
observed  simultaneously  from  EUV  emission.  Therefore,  two  systems  of  quasi-periodic
accelerations of electrons at different altitudes coexist in the same flaring process. MHD oscillations
of local plasma disturbed by bi-directional outflows from reconnection region may modulate the
acceleration processes to produce quasi-periodic number of energetic electrons, which dominate
accordingly  the  oscillating  nonthermal  emission  in  underlying  flare  loop  region  and  overlying
plasmoid, respectively.

NVST and SDO observations of wave processes in umbral flashes
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The high-resolution imagings are employed to study the wave processes in magnetic structures with
different spatial and heights scales, connected with short-term energy release as an umbral flashes
(UFs).  We study the data using the NVST and SDO/AIA observation above sunspot umbra.  We
used the pixelized wavelet filtration (PWF-analysis) for obtain temporal dynamic of waves as well
as  prepared  the  space-time  diagrams.  It  is  shown that  UFs  sources  mainly  localized  near  the
footpoints of magnetic loops along which waves propagated upward with 3 min periodicity. We find
the two types of the UFs sources - pointed and extended. The first type of the sources connected
with the  footpoints  of  open,  high  field lines,  the  second one with  closed,  low lines.  Temporal
dynamics  of  flashes  shows the  increasing  of  three-minute  oscillations  before  UFs peak  within
low-frequency wave train. It is shown that the maximum oscillations trains coincide with the peak
intensity of umbral  flashes.  We find that  low-frequency wave trains connected with convective
turbulence motions at photosphere layer. We suppose that UFs are short-term shock wave activity at
footpoints of selected coronal loops, rooted in the sunspot umbra. We suggest that depending from
the inclination angle of magnetic tubes to the solar normal there are various modes of propagating
waves. This relationship defines the UFs lifetime, power, and angular size of the sources.



Solar microwave Type III bursts and the diagnostics of flaring source region

Baolin Tan1

1National Astronomical Observatories, Chinese Academy of Sciences, Beijing, China
E-mail: bltan@nao.cas.cn

In  the  physics  of  solar  flares,  it  is  crucial  to  diagnose  the  physical  conditions  near  the  flare
energy-release  sites.  However,  so  far  it  is  unclear  how  do  diagnose  these  conditions.  Solar
microwave type III burst is believed to be a possible signature of the primary energy release and
electron accelerations in solar flares. This work takes into account the effect of magnetic field on
the plasma density and developed a set  of formulas which can be used to  estimate the plasma
density, temperature, magnetic field near the magnetic reconnection site and particle acceleration
region, and the velocity and energy of electron beams. We applied these formulas to three groups of
microwave type III pairs in an X-class flare, and obtained some reasonable and interesting results.
This method can be applied to other microwave type III bursts to diagnose the physical conditions
of  source  regions,  and  provide  some  basic  information  to  understand  the  intrinsic  nature  and
fundamental processes occurring near the flare energy-release sites.

The Siberian Multiwave Radioheliograph: results of first observations
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The current state of the multi-frequency Siberian Radio Heliograph (SRH) is presented. The SRH is
a T-shaped antenna array designed for a multi-frequency operation in a range of 4 - 8 GHz. The
brightness temperature sensitivity is about 100 K for a present 48-antenna array configuration. The
spatial resolution is expected to be up to 13 arc sec at 8 GHz for the 96-antenna configuration. At
present, single-frequency daily observations by the 48-antenna equidistant array have been carried
out. For these observations, a central part of the array is used, i.e., a 152 m by 76 m T-shaped array
with a spatial resolution of about 1 arc min.  The redundancy of the baselines in this array is used
for the phase calibration of the data obtained. We present results of the first observations, including
calibrated images of the Sun at different frequencies, light curves of flaring microwave sources, etc.
The results obtained so far as well as the plans of the future development of the SRH are discussed.

Image filtering for processing solar movies of SDO 
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A new image enhancement algorithm combining guided image filtering and image denoising is
proposed in this work for the purpose of enhancing and figuring out important fine structures in the
recorded  movies  for  solar  observation.  The  proposed  algorithm  can  efficiently  remove  image
noises, including Gaussian and impulse noises, at the same time, it can improve the faint details
which contain fine structures of solar activity.  This algorithm produces artifact-free images and
gives significantly better visualization results than conventional methods, and help researchers to
find and analyze important solar activities from recorded movies more easily.



The movie comes from AIA of SDO. Although it can be observed solar radio bursts occurring over
solar disk,  the strong noise and weak contrast  prevent us from perceiving fine structures in the
movie. We first use medium filer to remove impulse noise which illustrates bright points in movie.
Then,  guided filter  is  performed on the  movie  to  output  an  edge-preserving movie  which was
usually contain skeleton of movie frames. However, in solar radio movie, we are interested in fine
structures/details  containing in  high  frequency component  of  signal.  So we further  process  the
residual signal between original movie and filtered one to enhance high frequency components of
movie  frames.  By  this  way,  the  fine  structures/details  in  movie  frame  can  be  enhanced,  and
therefore can be figured out more clearly by the observers.

Magnetic offset problem in the measurement of full-disk solar weak field
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Large scale weak field is very important to the interplanetary magnetic field than the sunspotsâ€™
field does, so it should be accurately measured as far as possible. We had met the full-disk magnetic
zero-offset  problem  in  2005.  Recently,  we  developed  the  accurate  measurement  of  magnetic
zero-offset and its correction method through the cooperation with Demidov. We would report such
topic in detail.

About origin of oscillations of the circular ribbon flare
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We present results  of study pulses observed during the  SOL 2014-Mar-05T01:58 and the  SOL
2014-Mar-05T02:10  flares.  The  events  were  the  circular  ribbon  flares  implying  a  fan-spine
magnetic topology of the flaring region. The results  of the previous study (Xu Zhi  et  al  2016)
revealed uniform and continuous self-rotation of the magnetic fan-spine and formation of twisted
flux rope erupted during the flare. We found a series of pulses in hard X-rays and microwaves
which can be interpreted as quasi- periodic pulses. The characteristic time scales of processes is
about 1-3 minutes. The magnetic topology of the flare region bounds a role of the MHD oscillations
as trigger and modulation of the observing pulses. We tested periodicity of the pulses in different
spectral  ranges  (from  chromosphere  emission  to  radio  range)  and  analyzed  its  correlation  on
different levels of the solar  atmosphere. We also checked possible connection of the flare with
emission of the remote source. The diagnostic application of the obtained results is discussed.
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The separation of the observed cosmic ray anisotropy into zonal harmonics and components of
vector and tensor anisotropies was made for the first  time. The Forbush decreases which were
happened during the last solar activity cycle are considered. The periodical fluctuations of the zonal
harmonics  were  found  and  their  beginnings  are  synchronized  with  the  beginnings  of  Forbush
decreases. Unusual amplitude-phase oscillations of the tensor anisotropy components are revealed,
in particular abrupt change of directions of antisymmetric diurnal and semidiurnal variations on 90°
and 180° respectively.  Such behavior  of  tensor  anisotropy,  probably,  is  explained by a  sudden
change of the IMF intensity gradient during the propagation of shock wave or changes of diffusion
coefficients in the shock wave.
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The behaviors of diurnal, antisymmetric diurnal and semidiurnal variations of cosmic ray intensity
at the moments when the Earth crosses the neutral sheet of interplanetary magnetic field during
23-24 solar activity cycles are investigated. The events are analyzed for the epochs of positive and
negative signs of the Sun's general magnetic field. During each epoch the crossings from the sector
with positive sign to the negative and vice versa are separately selected. For the analysis the data of
neutron monitors worldwide network is used. The comparison with the early results is made.

The Annual Cosmic Rays Variation in the 24th Solar Cycle
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Analysis of data of a worldwide neutron monitor net has revealed an annual variation of cosmic ray
flux.  The  variation  is  present  on  many  stations,  beginning  at  South  Pole  up  to  Thule  and
Barentsburg including also low and middle latitude stations like Tsumeb, Potchefstroom, Mexico,
Rome, Athens and many others. Superimpose method was used to derive it. There is single phase of
the variation of these stations: cosmic rays decreasing is at May-July period and varies ~ 1-2 % on
the different stations. The variation is only in the last five years (2011-2015). There is absent similar
variation in previous years along a neutron monitor observing. Annual variation of some parameters
of interplanetary magnetic field with the same phase is present at the same time. Two sources of the
variations are suggested: solar activity and heliosphere.



Testing the reliability of ice-cream cone model 
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Coronal Mass Ejections (CME)'s properties are important to not only the physical scene itself but
space-weather prediction. Several models(such as cone model, GCS model, and so on) have been
raised to get rid of the projection effects within the properties observed by spacecraft. According to
SOHO/ LASCO observations, we obtain the 'real' 3D parameters of all the FFHCMEs (front-side
full halo Coronal Mass Ejections) within the 24th solar cycle till July 2012, by the ice-cream cone
model.  Considering  that  the  method  to  obtain  3D  parameters  from the  CME observations  by
multi-satellite  and multi-angle  has  higher  accuracy,  we  use  the  GCS model  to  obtain  the  real
propagation  parameters  of  these  CMEs  in  3D  space  and  compare  the  results  with  which  by
ice-cream cone model. Then we could discuss the reliability of the ice-cream cone model.

The Statistical Analysis of Shock-Interplanetary CMEs Complex Structures
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During  the  solar  maximum,  coronal  mass  ejections  successive  erupted  from  the  Sun.  If  the
following CME is faster than the preceding one, the shock driven by the following  CME would
propagated into the preceding CME. Then, we can observe the Shock-ICME complex structure in
situ measurement from WIND and ACE. In this work, we will statistical analysis the properties of
the shock-ICME complex structure from 1995 to 2015 using the in situ measurement from WIND.
In this period, there are totally 43 Shock-ICME complex events observed by Wind. Meanwhile, the
space weather effect, including the solar energetic particle events and geomagnetic storms, of these
events will also be discussed in detail.

Forbush Decrease in the Torus Model of a Magnetic Cloud 
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We have calculated the cosmic ray intensity in a magnetic cloud. It is supposed that the magnetic
cloud near the Sun has the shape of a torus segment with a magnetic flux rope. The magnetic cloud
is  located  inside  the  coronal  mass  ejection  with  the  distribution  of  the  radial  velocity.  The
subsequent propagation of the ejection in interplanetary space is based on an analytic kinematic
model. The magnetic field is determined by the freezing-in condition.
It is supposed that the cosmic ray intensity in a magnetic cloud is determined by the large-scale
electromagnetic field. We have found the zero, first, and second moments of particle distribution
function with different energies. The effect of the regions connecting a magnetic cloud to the Sun
(“legs” of the loops) on cosmic ray intensity has been revealed.  The comparison of calculation
results with measurements is shown.



Injection of Energetic Particles on the Easter 2001 Solar Particle Event

S.I. Petukhov1, I.S. Petukhov1, A.S. Petukhova1

1 Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
E-mail: petukhov@ikfia.sbras.ru

We  have  calculated  the  injection  of  solar  energetic  particles  with  relativistic  energies  in
interplanetary space in the framework of the developed simulation of cosmic ray acceleration by
shocks in the solar atmosphere. The comparison of the calculation results with particle injection in
the Easter 2001 Solar Particle Event (April 15) shows that: 1) The levels of magnetic turbulence
generated by the Alfven waves are significantly different in the solar atmosphere and interplanetary
space. The boundary of the abrupt junction lies at the 6 solar radii. 2) The levels of the turbulence
behind and ahead of the shock front are the same.

Is the strongest Martian X-ray emission observed by XMM-Newton a
consequence of ICME impact?
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On November 20–21, 2003, when a superstorm featured the lowest Dst index during solar cycle 23
was observed at Earth, XMM-Newton recorded the strongest X-ray emission from Mars up to now.
Many researchers believed that this event was exclusively a consequence of Interplanetary Coronal
Mass Ejection (ICME) impact, however, they found that this speculation was not supported by the
inferred solar wind condition at Mars by shifting from the Earth orbit. We have examined the direct
observations  of  Mars  Global  Surveyor  at  Martian  topside  ionosphere,  and found unambiguous
evidences of ICME impact during that time: the magnetic field and plasma was highly compressed.
Moreover, the ICME is not the one caused the superstorm at the Earth. Though no other satellite
direct passes though the ICME, after evaluation the compression of magnetic field, we suggested
that  the  plasma in the  ICME sheath  may be  as  dense  as  that  of the  ICME caused Holloween
superstorm at Earth.
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During geomagnetic activity,  NUADU (Neutral  Atom Detector Unit) on board of TC-2 running
around the polar region near the perigee can sometimes observed an ENA enhanced band. When the
profile of the Earth, as well as the characteristic field lines, projected on the ENA images, we found
that the position of the ENA enhanced band coincide with the auroral zone. The ENA enhanced
band tend to occur during the field line stretched tailward and might be relate to the pitch angle
diffusion of ions due to the first adiabatic invariant at the geostationary altitude, so that be called as
ENA aurora. The inversion results show that the ions of the ENA aurora come from the magnetotail
region beyond Lâ‰¥6,around the geostationary altitude.

The time delay of IMF penetration into Earth’s magnetotail
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Many previous studies have demonstrated that the interplanetary magnetic field (IMF) can control
the magnetospheric dynamics. Immediate magnetospheric responses to the external IMF have been
assumed for a long time. The specific processes by which IMF penetrates into magnetosphere,
however, are actually unclear. Solving this issue will help to accurately interpret the time sequence
of magnetospheric activities (e.g., substorm and tail plasmoids) exerted by IMF. With two carefully
selected cases, we found that the penetration of IMF into magnetotail is actually delayed by 1–1.5 h,
which significantly lags behind the magnetotail response to the solar wind dynamic pressure. The
delayed time appears to vary with different auroral convection intensity, which may suggest that
IMF penetration in the magnetotail is controlled considerably by the dayside reconnection. Several
unfavorable  cases  demonstrate  that  the  penetration  lag  time  is  more  clearly  identified  when
storm/substorm activities are not involved.



Classification of fast flows in central plasma sheet 
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A statistical  survey of  560 fast  flows in  midnight  central  plasma sheet  is  performed based on
THEMIS observations.  From superposed  epoch analysis,  no  significant  substorm activities  are
found to be associated with fast flows beyond −15 Re. Considering the associations with substorm
activities, fast flows inside of −15 Re can be classified into two obvious classes: short duration (<
2.0 min) and long duration (> 4.0 min). Substorm breakups are shown to be more closely correlated
to short-duration fast flows. Furthermore, the onset of short-duration fast flows in the dipolarization
region  (−9  to  −11  Re)  is  almost  simultaneous  with  the  onset  of  substorm  breakups  and
dipolarizations. On the other hand, time delays of 2–4 min are both found in the near-Earth region
(−7 to −9 Re) and in the near-tail region (−11 to −15 Re). These features are consistent with the
predictions  made  by  the  cowling  electrojet  current  loop  and  the  cross-tail  current  disruption
substorm models.  In  comparison,  although more magnetic  flux is  transported toward  Earth  for
long-duration fast flows, no clear substorm breakup is closely associated with them. The analysis of
2-D ion velocity distribution may be an important signature for distinguishing these two classes of
fast flows.

Effect of the interplanetary magnetic field on the location of open-closed field
line boundary 
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Using  global  magnetohydrodynamic  (MHD)  simulation,  we  investigate  the  effect  of  the
interplanetary magnetic  field(IMF) on the location of open-closed field line boundary(OCB), in
particular  the  dusk-  and  dawn-  side  OCB  and  their  asymmetry  .  We  first  model  the  typical
OCB-crossing events on 22 October 2001 and 24 October 2002 observed by DMSP. The MHD
model presents a good estimate of OCB location under quasi-steady magnetospheric conditions. We
then systemically study the location of OCB under different IMF conditions. The model results
show that the dawn- and dusk-side OCBs respond differently to IMF conditions when By is present.
An empirical expression describing the relationship between the OCB latitudes and IMF conditions
has been obtained. It is found that the IMF conditions play an important role in determining the
dawn-dusk  OCB  asymmetry,  which  is  due  to  the  magnetic  reconnection  at  the  dayside
magnetopause. The deviation angle between the dawn- and dusk-side OCB is in good agreement
with  the  observations.



Unstable coupled modes in a high-latitude magnetosphere
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Coupled modes can be formed by azimuthally small-scale Alfven and slow magnetosonic (SMS)
waves at  the geomagnetic field lines crossing the geotail current sheet. It is shown that the linear
transformation of these waves occurs in the current sheet on the magnetic  field lines stretched
toward the geototail. In most part of a field line the coupled mode structure is determined by the
large-scale  Alfven  wave  structure.  Small-scale  SMS  wave  field  structure  dominated  near  the
ionosphere and in the current sheet. Such modes are neutrally stable on the field lines that do not
cross the current sheet, but switch to the ballooning instability regime on field lines crossing the
current sheet. In the direction across magnetic shells the coupled modes are waves running away
from the magnetic shell on which they were generated. At the field lines crossing the current sheet
the structure of the field components of coupled modes has  four singularities at the inflection points
of a field line, that look like as resonance peaks. 
This  work  was  supported  by  Grant  from  the  Russian  Scientific  Foundation  (Project  No.
14-37-00027).

First in situ observation of monochromatic standing Alfven waves with spatially
dependent polarization
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A transformation of a  monochromatic  standing poloidal  Alfven wave into a  toroidal  wave was
observed by the RBSP-A satellite at 21.45 - 22.30~UT on October 23, 2012 when it crossed the
plasmapause. This transformation can serve as proof that the registered oscillations are a single
azimuthally small-scale Alfven mode. As follows from the results of previous theoretical studies,
such Alfven oscillations are generated on the poloidal resonance shell as a poloidal standing Alfven
wave. Next,  this  wave propagates  to  the toroidal  resonance surface across magnetic  shells  and
transforms into a toroidal standing Alfven wave. The oscillations are absorbed completely near the
toroidal resonance surface due to dissipation of their energy in the ionospheric conductive layer. It
is shown that the RBSP-A satellite probably crossed two transformation areas of Alfven waves,
located near the plasmapause transition layer.
 This  work  was  supported  by  Grant  from  the  Russian  Scientific  Foundation  (Project  No.
14-37-00027).



The dynamics of the ionospheric Pedersen currents in an electrical circuit of the
disturbed magnetosphere- ionosphere system of the two hemispheres
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In  the  generally  accepted  model  of  substorm  current  wedge,  Pedersen  currents  flow  in  the
ionosphere in the azimuthal direction. It is also known, but not generally accepted, substorm model
electric circuit, which is dominated by Pedersen currents in the meridional direction. In the present
report we describe the dynamics of the intensity ratio of these two components in the course of the
selected substorm. This work was partially supported by the RFBR grant 15-05-05561.

Saturation of the magnetosphere during superstorms: new results from MIT and
the global PPMLR-MHD model
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We study new features of the saturation process of the polar cap magnetic flux and Poynting flux
into the magnetosphere from the solar wind during three superstorms. In addition to the well-known
effect of the southward IMF component Bz, we found that the saturation depends also on the solar
wind ram pressure Pd. By means of the magnetogram inversion technique (MIT) and a global MHD
numerical model PPMLR, we explore the dependence of the magnetopause standoff distance on
ram pressure and the southward IMF. Unlike earlier studies, in the considered superstorms both Pd
and  Bz  achieve  extreme values  (Pd≥15nPa  and  Bz≤−40nT).  For  these  conditions,  the  dayside
magnetosphere compression rate decreases to very small values. This work was partially supported
by the RFBR grant 15-05-05561 and the NSFC grant 413111039.

Asymmetric evolution of the magnetospheric substorm expansion phase in the
Earth's two hemispheres

V.V. Mishin1, V.M. Mishin1, M. Kurikalova1, Yu. Karavaev1, S. Lunyushkin1, C. Wang2, J.Y. Wang2,
J. J. Zhang2
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A common expansion phase  (EP)  of  two substorms in the  summer and winter  hemispheres  is
described by an original approach. We suppose that the field-aligned current (FAC) distribution in
the  ionosphere  of  the  “summer”  (or  “winter”)  type  determined  from measurements  in  one  of
hemispheres, persists also in the summer (winter) season of the opposite hemisphere. On this basis,
we describe the asymmetric FAC distribution of the common EP in two hemispheres. We conclude
that  the common EP is created by the magnetosphere- ionosphere feedback instabilities of two
types. Type 1 is produced by a feedback between the FAC intensity and the ionosphere conductivity
in the dusk sector of the summer hemisphere Region 1. Type 2 is the feedback between FAC and the



ionospheric electric field in the winter hemisphere dawn sector. This work was partially supported
by the RFBR grant 15-05-05561 and the NSFC grant 413111039.

Features of formation of small-scale vortex disturbances during the sudden
magnetosphere compression

A. Moiseyev1, D. Baishev1, V. Mishin2, T. Uozumi3, A.Yoshikawa3, A. Du4

1Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
2Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

3International Center for Space Weather Science and Education, Kyushu University, Fukuoka,
Japan

4Institute of Geology and Geophysics CAS, Beijing, China
e-mail: moiseev@ikfia.sbras.ru

Quasi-periodic  changes  of  a  geomagnetic  field  and  plasma  parameters  in  the  range  of  Pc  5
pulsations which followed immediately after an interaction of interplanetary shock (IPS) with the
Earth’s magnetosphere in the event of  April 24, 2009 at 00:53 UT are considered by data of ground
and satellite observations. Pulsations were localized at the latitudes of 66-74° in the noon (11 MLT)
and evening (20 MLT) sectors. The analysis of hodographs of changes of the geomagnetic field both
by the satellite and ground observations has shown the presence of vortical disturbances. In this
event the IPS front had the inclination in the ecliptic plane, the angle between the normal of front
and  noon-midnight  meridian  accounted  for  9°  in  the  interplanetary  medium  and  10°  in  the
magnetosphere (the angle is measured counterclockwise from the midnight meridian). The location
of vortical disturbances in the magnetosphere at different radial distance i.e. X~5.6 Re in the noon
sector and X ~-7.2 Re in the evening one is in agreement with the front inclination. By satellite
observations  the  maximum intensity  of  wave  disturbances  in  both  sectors  was  registered  in  a
transverse component of magnetic field that corresponded to the resonant mechanism of excitation
of  these  disturbances.  The  cross  size  of  vortex  was  ~1.2  Re.  The  analysis  of  distribution  of
velocities of the plasma flow and propagation of compression wave front in the magnetosphere
equatorial plane has shown that vortical disturbances were observed in regions where the velocities
of plasma flow and front propagation were distinguished by a magnitude as much as possible i.e.
intense shearing flows were registered.
This work was partially supported by the RFBR grant № 15-45-05090.

Charged particle behavior in the growth and damping stages of ultralow
frequency waves: theory and Van Allen Probes observations

Xuzhi Zhou1, Zihan Wang1, Qiugang Zong1, Robert Rankin2, Margaret G. Kivelson3, 
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Ultralow frequency (ULF) electromagnetic waves, interpreted as standing hydromagnetic waves in
the magnetosphere,  can accelerate  charged particles via a process called drift  resonance.  In  the
conventional  drift-resonance  theory,  a  default  assumption  is  that  the  wave  growth  rate  is
time-independent, positive, and extremely small. However, this is not the case for ULF waves in the
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real magnetosphere. The waves must have experienced an earlier growth stage when their energy
was taken from external and/or internal sources, and as time proceeds the waves have to be damped
with a  negative  growth rate.  Therefore,  a  more generalized  theory  on particle  behavior  during
different stages of ULF waves is required. Here we introduce a time-dependent imaginary wave
frequency to accommodate the growth and damping of the waves in the drift-resonance theory, so
that the wave-particle interactions during the entire wave lifespan can be studied. We then predict
from the  generalized theory particle  signatures during different stages  of the  waves,  which are
consistent  with  observations  from  Van  Allen  Probes.  The  more  generalized  theory,  therefore,
provides  new  insights  into  ULF  wave  evolution  and  wave-particle  interactions  in  the
magnetosphere. 

Concerning the formation of plasmoids in the geomagnetosphere

Sedykh P.A.1
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This paper is devoted to developing of the mechanism for convecting inhomogeneities generation in
the geomagnetosphere. In previous papers (Ponomarev, 1985; Ponomarev, Sedykh, 2006; Sedykh,
2015) it has been shown that all attributes of substorm break-up can be described if we admit that
convecting plasma flow directed from the tail to the Earth has non-uniform structure in the form of
the "bunches" moving towards the Earth along with plasma convection. In this paper, it is shown
that the existence of spatial inhomogeneity of convection velocity and its sudden change in time can
create in combine action the spatial - temporal formation which looks like inhomogeneity of plasma
density (pressure), moving at convection speed (in the direction of the Earth) or at Alfven speed
towards the magnetotail. I show that the structure appears on the magnetosphere night side at the
distance of 10-20 Earth radii, because of peculiarities of the electric field of convection. Most likely,
plasmoids,  observed during geomagnetic  disturbances  moving towards  the  magnetospheric  tail,
approximately at Alfven speed, are Alfven resonances. Even though mechanisms of generation of
both plasma convecting, and Alfven wave perturbations are similar, conditions of excitation of the
latter are harder. Therefore, not all substorms will be accompanied by generation of plasmoids. And
may be intensive, but short pulses of south IMF Bz-component can generate plasmoids, but not
create auroral break up of a substorm.

Global distribution of energetic proton precipitation equatorward of the
isotropy boundary

N.V. Semenova1, T.A. Popova1, T.A. Yahnina1, A.G. Yahnin1
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On the basis of NOAA POES observations we constructed a map of the global occurrence rate of
energetic proton precipitation (EPP) equatorward from the isotropy boundary. One of the observed
features is a separate EPP population on the dayside. This precipitation is observed within 10-17
MLT, and consists of wide (>2° in latitude) enhancements, which differ from the localized (≤1° in
latitude) precipitation pattern in other MLTs. In contrast  to localized EPP events, which tend to
concentrate around L=5-7, the events on the dayside are spread at L>7. 
The occurrence rate of the dayside EEP increases with increasing geomagnetic activity and solar
wind dynamic pressure. We compared the global distribution of EEP with observational statistics of
EMIC waves revealed from magnetospheric spacecraft data, and found the remarkable similarity.
To  confirm  the  relationship  between  EPP  and  EMIC  waves  we  considered  simultaneous



observations onboard THEMIS spacecraft and NOAA POES. The detailed consideration of few tens
of conjugated events demonstrates that every EPP at low altitudes has an EMIC wave counterpart in
the equatorial plane. Thus, both the statistical and case studies confirm that EPP events are the result
of the ion-cyclotron instability in the equatorial magnetosphere.

Dependence of the occurrence rate and intensity of the relativistic electron
precipitation on geomagnetic activity

T.A. Yahnina1, A.G. Yahnin1, N.V. Semenova1
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On the basis  of data  from NOAA Polar Operational Environmental Satellites we show that the
occurrence rate of the relativistic electron precipitation (REP) observations has a tendency to grow
with the increase of geomagnetic activity. This is, evidently, related to the fact that during enhanced
geomagnetic activity the intensity of waves scattering the electrons onto the loss cone increases. At
the same time, the intensity of REP fluxes exhibits a wide spread and does not depend on the
activity. We explain this by the relationship between REP and the intensity of the trapped flux in the
radiation belt, which in turn strongly depends on the pre-history of the radiation belt. Indeed, the
formation of the trapped electron flux includes different mechanisms of the electron acceleration,
their duration and intensity, the preceding losses, etc. However, the REP intensity averaged for a
long enough time interval depends on the average geomagnetic activity. Evidently, the averaging
“incorporates” the pre-history.

Observation of the aurorae and SAR arc dynamics during the substorm
injection events

Parnikov S.G.1, Ievenko I.B.1, 
1Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy, Yakutsk, Russia

E-mail: parnikov@ikfia.sbras.ru

The stable auroral red  (SAR) arcs are the consequence of interaction of the outer plasmasphere
(plasmapause) with energetic ions of the ring current. The  diffuse aurora (DA) is caused by the
low-energy electron precipitation from the  plasma sheet.  Our studies indicate  that  the  SAR arc
appears and/or  brightens  during the substorm expansion phase. The SAR arc formation begins in
the equatorward boundary region of DA (Ievenko, 1999; Ievenko  et al,  2008). In this work we
analyze the observations of dynamics of DA and SAR arc in the 557.7 and 630.0 nm emissions with
an all-sky imager (ASI) at the Yakutsk meridian (CGM: 58ºN, 200ºE) during the isolated substorm
injection events  detected by  the  ECT HOPE Instrument aboard  the  Van  Allen  Probes  satellite.
Changes in the spectrum of energetic ions and electrons on L = 5.4 - 6.3 during the sharp increase of
magnetospheric convection and substorm injection are shown.
The ground-based ASI  observed in  three  events  the  manifestation of  substorm injection  in  the
midnight-dawn MLT sector.  First  the equatorward and eastward extension of DA has taken place.
Further the formation of SAR arc and its movement up to  zenith of station has occurred.  It  is
assumed that the dynamics of DA and SAR arc maps the penetration of hot plasma into the outer
plasmasphere as the result of electric drift from the substorm injection region.



Pulsating auroras at the SAR arc latitudes as a result of the EMIC waves
generation
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Photometric  observations  at  the  Yakutsk  meridian  (CGMC:  55-60N,  200E)  have  shown that
during the substorm recovery phase at latitudes of SAR arc the luminosity pulsation splashes in the
427.8 nm emission are usually observed. These pulsations map the pulsating precipitations of the
ring current energetic particles in the outer plasmasphere (Ievenko, 1995; Ievenko et al, 2008). In
this paper we consider possible mechanisms for two types of the observed luminosity pulsations. It
is known that the pulsating precipitations can be caused by electromagnetic ion-cyclotron (EMIC)
waves due to the modulation of the pitch-angle diffusion and, consequently, particle flux in the loss
cone with the wave frequency (Coroniti and Kennel, 1970). We have performed the analysis of
dependence of EMIC wave frequency on L-shells for various energy of the O+  and H+ ring current
ions and also cold plasma density  from 100 to 800 cm-3.  For two observation situations of the
luminosity pulsations it has been obtained the following:
1) The pulsation splashes with frequencies of 0.5-1 Hz are registered only in zenith and southward
of the observation station at L = 3-3.3. In this case, pulsating precipitations probably due to the
generation of EMIC waves through cyclotron resonance with energetic O+ ions. 
2) The luminosity pulsations with frequencies of 0.05-0.1 Hz are observed in the latitudinal range of
4 degrees, namely, in the diffuse aurora in the north and in the SAR arc region in the south. We
associate these pulsations with the generation of EMIC waves at L = 4-5 and propagation of them
into  the  inner  magnetosphere.  In  both  situations,  the  observed  modulation  frequencies  of
precipitations  can  be  explained only  by  the  cyclotron  resonance  of  electromagnetic  wave  with
heavy O+ ions which can dominate in the ring current during magnetic storms.

Ground and satellite observations of the low-latitude onsets of auroral substorm
during a major magnetic storm

Ievenko I.B.1, Parnikov S.G.1, Alexeyev, V.N.1
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It  is known that  the first  onset of auroral  substorm expansion is connected with the brightness
increase and breakup of the most equatorial  arc.  The subsequent substorm activizations can be
observed in the intensification of auroral arcs at higher latitudes. As a result a formation of auroral
bulge  and poleward  shift  of  a  westward  electrojet  maximum takes  place.  The development  of
auroral  bulge  maps  the  precipitation  dynamics  of  energetic  particles  during  magnetospheric
substorms. In this work the research results of auroral substorm during the major magnetic storm on
March 20, 2001 (Dst =-150 nT) are submitted. The aurorae were registered at the Yakutsk meridian
(130ºE; 200ºE, geom.) by the  meridian-scanning and zenith photometers in  the  630, 557.7  [OI],
427.8 (N2

+) and 486.1 nm (H beta) emissions.
Before the substorm onset the equatorial arc is observed at low geomagnetic latitudes of 55-57ºN
(the dipole L=3.0-3.3). The zenith photometer registers an intense H beta emission in the arc (~400
R). The fast increase of the 427.8, 557.7 nm emission intensity during two equatorial arc breakups
is accompanied by the decrease of H beta intensity by a factor of ~5.
The aurora dynamics is compared with the  measurements of precipitating  flux  of electrons and
protons aboard DMSP F15 satellite, substorm injections at a geosynchronous orbit, variations in the
solar wind and IMF and also images of the auroral oval from the IMAGE satellite. The ground and



satellite observations are considered from a position of change of the magnetic field configuration
during the  low-latitude  substorm. We assume that  the  sharp  drop of  H beta  emission intensity
(precipitating protons flux) during the breakups of equatorial arc may testify to a connection of its
location with a proton isotropic boundary in the inner magnetosphere.

Intensity of the auroral electrojets during a recovery phase of magnetic storm
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In  this  work,  the  effect  of  solar  wind  velocity  on  the  development  of  magnetospheric  and
ionospheric disturbances is studied. It  is shown that at high velocity of the solar wind during a
recovery phase  of  magnetic  storm the  strong auroral  activity  characterized by the  AE index is
observed.  In  some cases during a  recovery phase  of magnetic  storm the  value  of  AE index is
practically comparable with the value of AE index observed during the main phase of magnetic
storm. When comparing time intervals of two magnetic storms during which the values of solar
wind electric fields are approximately equal to each other, it is found that auroral electrojet intensity
is stronger in that storm in which the solar wind velocity is higher.

Ground and satellite observations of the SAR arc in the dusk-bulge region of the
plasmasphere
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It  is  known that  stable  auroral  red (SAR) arcs are  the  consequence of interaction of the  outer
plasmasphere (plasmapause) with energetic ions of the ring current. An arisen downward flux of
superthermal electrons along the magnetic field lines increases the ambient electron temperature at
the altitudes of ionosphere F2 region in the form of Te-peak. As a result, an enhancement of the
atomic oxygen red line intensity in the SAR arc mapping the plasmapause (cold plasma density
radial gradient) takes place. A boundary location of plasmasphere (plasmapause) in the dusk-bulge
region strongly depends on LT and shifts towards the lower latitudes during evening hours. The
ground observer can register a  relative motion of this  boundary projection at  the height  of the
ionosphere F2 region if it is mapped by the red arc at this time.
In this work the results of observations of the SAR arc equatorward movement by the meridian
scanning photometer at 19-20 LT at the Yakutsk meridian (199ºE geomagnetic longitude) during a
recovery  phase  of  the  weak  magnetic  storm  on  February  7,  2000  are  presented.  The  data  of
simultaneous registration  of  Te-peaks  aboard  DMSP F14  and F15  satellites  at  the  meridian  of
optical observations and eastward of it shows that the SAR arc in this event maps the cold plasma
density radial gradient in the dusk-bulge region. A wide band of the westward ionospheric drift
(SAPS) observed by F14 and F15 is probably a specific signature of this plasmasphere region.



Interactions of Energetic Particles with ULF Waves in the Magnetosphere
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Energetic electrons and ions in the Van Allen radiation belt are the number one space weather threat.
How the energetic particles are accelerated in the Van Allen radiation belts is one of major problems
in the space physics. Very Low Frequency (VLF) wave-particle interaction has been considered as
one of primary electron acceleration mechanisms because electron cyclotron resonances can easily
occur  in  the  VLF  frequency  range.  However,  recently,  by  using  four  Cluster  spacecraft
observations, we have found that after interplanetary shocks impact on the Earth’s magnetosphere,
the acceleration of the energetic electrons in the radiation belt started nearly immediately and lasted
for  a  few hours.  The  time  scale  (a  few days)  for  traditional  acceleration  mechanism of  VLF
wave-particle  interaction, as proposed by Horne et  al.  [1],  to  accelerate  electrons to  relativistic
energies is too long to explain the observations. It is further found that interplanetary shocks or
solar wind pressure pulses with even small dynamic pressure change can play a non-negligible role
in the radiation belt dynamics. Interplanetary shocks interact with and the Earth’s magnetosphere
manifests  many  fundamental  important  space  physics  phenomena  including  energetic  particle
acceleration.   The  mechanism  of  fast  acceleration  of  energetic  electrons  in  the  radiation  belt
response to interplanetary shock impact contains three contributing parts: (1) the initial adiabatic
acceleration due to the strong shock-related magnetic field compression; (2) then followed by the
drift-resonant acceleration with poloidal ULF waves excited at different L-shells; and (3) particle
acceleration due to fast damping electric fields associated with ULF waves. Particles will have a net
acceleration since particles in the second half circle will not lose all of the energy gained in the first
half cycle. The results reported in this paper cast new lights on understanding the acceleration of
energetic particles in the Earth’s Van Allen radiation belt.

The nightside geomagnetic ΔH and penetration electric field

Y. Wei1, Z. Rong1, Weixing Wan1
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It is well known that the dayside geomagnetic ΔH can respond to the penetration electric field due
to existence of strong Cowling conductivity. Here we investigate the performance of ΔH in response
to a PPEF on the nightside, where the Cowling conductivity is not significant.  We have examined
one superstorm and one multiple penetration event with observations form Peru, Japan, and India,
and found that (1) the nightside ΔH was caused by attenuation of the effects of the polar electric
field  with  decreasing  latitude;  (2)  the  nightside  ΔH  can  manifest  a  PPEF  at  least  in  the
midnight-dawn sector (0000–0500 LT), but not always; and (3) the magnitude of the nightside ΔH
in the midnight-dawn sector in Peru is on average only 1/18 of that of the dayside ΔH in response to
a given PPEF.



Modeling of influence of magnetospheric heat flux on the electron temperature
distribution in the subauroral ionosphere
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The  results  of  the  electron  temperature  distribution  modeling  in  F  region  of  the  subauroral
ionosphere for different helio-geomagnetic conditions with taking into account magnetospheric heat
fluxes are presented. It is shown, that in winter ionosphere for quiet geomagnetic conditions in the
dawn and dusk sectors the “hot” zones with enhanced electron temperature are formed, and for
disturbed geomagnetic  conditions  an  annular  “hot”  region in  the  time interval  of  04-06 UT is
occurred as a result of heat flow from the Earth’s magnetosphere along the magnetic field lines.

Response in the geomagnetic storms and substorms 
to the interplanetary shock passage
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The effects of interplanetary shocks accompanied or not coronal mass ejections  (CME) in
geomagnetic storms and substorms were investigated. The analysis of solar wind parameters and
geomagnetic activity (Dst and AE indexes) in 23-th solar cycle was fulfilled. It was shown that the
CME presence after the shock not plays a crucial role for the production of Dst decreasing, i.e. for
the geomagnetic storm. The presence of the magnetic clouds with the southern component of IVF is
more important for the generation of magnetic storms. Substorms, registered at Earth after the shock
passages in the absence of storm disturbances apparently are due to the presence of the turbulent
region behind the interplanetary shock.



Session  4.  Ionospheric,  upper  and  middle  atmospheric
processes in response to regular and sporadic structure of the
solar wind

Thermospheric Enhanced Sodium Layer and its Relevance to Ionospheric
E-region phenomena
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The neutral -- plasma coupling and wave dynamics that are involved with shaping the compositions and
thermal structures in the mesosphere and lower-thermosphere (MLT) are very complicated processes and are
far  from  being  sufficiently  described  and  understood.  An  interesting  phenomenon,  i.e.,  thermospheric
extension of the metal layer with the altitude much higher than the upper boundary of ~105 km as we known
previously, has attracted many scientists' attentions.
   We report a surge-like sodium layer in the lower thermosphere observed by a sodium lidar at Haikou
(20N), China, on July 29, 2012. The surge-like sodium layer was first seen upwelling from the top of the
sodium layer (~ 102 km) to an altitude of ~118 km from 14:45 -- 15:40 UT and then descending gradually
from its apex with a speed of 3.2 km/hr.  The nearby ionospheric  observations from the COSMIC radio
occultation and ionosondes exhibited abrupt  perturbations in  the RO SNR profiles  and spread Es in the
ionograms, respectively, indicating the existence of large-scale complex Es. VHF radars located at Sanya
(18.4N, 220 km away from Haikou) and Fuke (19.5N, 130 km away from Haikou) both recorded strong E
region field-aligned irregularity (FAI) echos upwelling structure covering altitudes of 100 -- 140 km, which
are well correlated with the surge-like structure of the sodium layer.  We suggest that the following processes
are associated with the observations. The occurrence of the large-scale complex Es possibly implies that the
large-amplitude altitude modulation  of  the  horizontal  Es  layers  possible  from the  gravity waves (GWs)
provides strong polarization electric fields, which drive the gradient drift instability (GDI) to form the FAI
upwelling structures. In the course of the altitude modulation of the Es layers, sufficient ions (including
sodium ions) and electrons could be accumulated in the vertical direction and form the extended-altitude
structure.  Correspondingly,  through  the  chemical  reaction,  the  upwelling  structure  of  sodium  atoms  is
generated. As the structured Es becomes weak, the descending thermospheric sodium layer and and the FAI
layer, possibly following the downward motion of GW, are formed.

Analysis of lightning strokes associated with sprites observed from space  in
North America
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We examined the broadband (<1 Hz to 30 kHz) lighting sferics associated with 395 sprites observed near
North  America  by  the  Imager  of  Sprites  and  Upper  Atmospheric  Lightning  (ISUAL)  onboard  the



FORMOSAT-2 satellite in a 12-year period from 2004 to 2015.  Our analysis indicates that the ISUAL
dataset contains a significant fraction (69, or ~18%) of negative sprites, which were predominantly observed
over the oceanic/coastal thunderstorms mostly in tropical areas.  The mean and median of impulse charge
moment change (iCMC) associated with positive (negative) sprites are +346 C km (-709 C km) and +280 C
km (-649 C km), respectively.  The morphology and parent lightning properties (e.g., typically with high
peak currents >-80 kA and large iCMCs >-300 C km) of negative sprites observed by ISUAL are generally
consistent with that documented in ground-based observations, but the ISUAL dataset does imply that sprites
are sometimes produced by negative strokes with sub-critical iCMCs (less than -300 C km).  Consequently,
the  future  survey of  global  occurrence of sprites  is  desired  to  be based on complementary ground and
space-borne observations.
This  work  was  supported  jointly  by  National  Key  Basic  Research  and  Development  Program
(2014CB441405), National Natural Science Foundation of China (No.41574179), Open Research Program
of Key Laboratory of Meteorological Disaster (Nanjing University of Information Science and Technology)
of Ministry of Education (KLME1414), "The Hundred Talents Program" of Chinese Academy of Sciences
(2013068), and National Science Foundation (NSF) Physical and Dynamic Meteorology Program.

Investigation on the ionospheric parameters at different latitude in Asian Sector
during high solar activity

Z. Wang1, J. K. Shi1, G. J. Wang1, X. Wang1, G. Zherebtsov2, E. Romanova2, K. Ratovsky2
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With data obtained by the digisondes from high latitude station Zhigansk (66.8°N, 123.4°E), middle
latitude station Irkutsk (52.4°N, 104.3°E) and low latitude station Hainan (19.4°N, 109.1°E), we
studied the ionospheric parameters at different latitude in Asian Sector during high solar activity.
The study showed the similarities and differences of the annual and semi-annual variations of the
critical frequency of F2 layer (foF2) and the virtual height of the F layer (h’F) at different latitude.

FPI observations of nighttime mesospheric and thermospheric winds in China
and their comparisons with HWM07

Yuan, W.1; Liu, X. 2; Xu, J. 1; Zhou, Q. 3; Jiang, G. 1; Ma, R. 1

1State Key Laboratory of Space Weather, National Space Science Center, CAS, Beijing ,China
2College of Mathematics and Information Science, Henan Normal University, Xinxiang, China

3Electrical and Computer Engineering Department, Miami University, Oxford, OH, USA
E-mail: wyuan@spaceweather.ac.cn

We analyzed the nighttime horizontal neutral winds in the middle atmosphere and thermosphere
derived from a Fabry–Perot interferometer (FPI), which was installed at Xinglong station in central
China. The wind data covered the period from April 2010 to July 2012. We studied the annual,
semiannual and terannual variations of the midnight winds for the first time and compared them
with Horizontal Wind Model 2007 (HWM07). Our results show the following: (1) at ∼ 87 km, both
the observed and model zonal winds have similar phases in the annual and semiannual variations.
(2) At ∼98 km, the model shows strong eastward wind in the summer solstice, resulting in a large
annual  variation,  while  the  observed  strongest  component  is  semiannual.  (3)  There  are  large
discrepancies between the observed and HWM07 winds at ∼250 km.

http://adsabs.harvard.edu/cgi-bin/author_form?author=Ma,+R&fullauthor=Ma,%20R.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Jiang,+G&fullauthor=Jiang,%20G.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Zhou,+Q&fullauthor=Zhou,%20Q.&charset=UTF-8&db_key=PHY
http://adsabs.harvard.edu/cgi-bin/author_form?author=Xu,+J&fullauthor=Xu,%20J.&charset=UTF-8&db_key=PHY
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The ionospheric response to the magnetic storms in the East Asian region:
Observation and modeling

E.B. Romanova1, G.A. Zherebtsov1, N.М. Polekh1, N.А. Zolotukhina2, J.K. Shi2, X. Wang2 and
G. Wang2

1Institute of Solar-Terrestrial Physic SB RAS, Irkutsk, Russia
2National Space Science Center, CAS, Beijing, China
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We report results of the research into effects of the strong geomagnetic storms in the ionosphere of
high, middle, and low latitudes which observed in different seasons in the years 2012-2015. The
research  relies  on  measurements  made  at  the  network  of  ionospheric  stations  located  in  the
longitudinal sector 90-150°Е. The analysis of experimental data has revealed a number of features
of the ionospheric response to storms. So during the main storm phase in March 2015 the equatorial
wall of the main ionospheric trough (MIT) shifted towards geographic latitudes 52°N, which caused
negative disturbances in subauroral latitudes and positive disturbances in middle latitudes. During
the  recovery  storm  phase  in  July  2012  and  in  March  2015  during  daylight  hours,  negative
disturbances were recorded at all the stations. The simulation showed that in subauroral and auroral
latitudes  the  ionospheric  response  to  the  storm  is  controlled  by  perturbation  in  thermospheric
composition and magnetospheric sources; in middle latitude it’s controlled by the perturbations in
the thermospheric composition and winds.  In low latitudes, a prolonged negative disturbance is
conditioned by variations in the global wind circulation and, to a lesser extent, by changes in the
thermosphere composition as well as by penetration of electric fields to low latitudes; hence there
was no equatorial anomaly during the recovery phase. This is confirmed by total electron content
data.
The  work  is  supported  by  the  Russian  Foundation  for  Basic  Research  (RFBR  grant  No.
16-55-53003_ГФЕН_a).

The effects of geomagnetic disturbances at the ionospheric layer F1 heights
during the lower and minimum of solar activity (2003-2009) on st. Irkutsk

G.P. Kushnarenko1, O. E. Yakovleva1, G.M. Kuznetsova1

1Institute of Solar-Terrestrial Physic SB RAS, Irkutsk, Russia
E-mail: kusch@iszf.irk.ru

The changes in the F1 layer ionization during geomagnetic storms on ionospheric st. Irkutsk (52° N,
104° E) in period of the lower and minimum solar activity (2003-2009) were investigated.  The
moderate geomagnetic storms for spring and autumn seasons were selected as well as quiet days for
each event. The profiles of electron density Ne for these storms obtained from ionograms at the st.
Irkutsk  were  analyzed  to  investigate  the  change  in  Ne  at  altitudes  of  150-190  km.  The
spring-autumn asymmetry in the effects of geomagnetic storms at these altitudes was discovered.
There is a slight change in electron density during spring geomagnetic storms at the F1 layer, while
there is a substantial effect in autumn at a height of 190 km.



Modeling nightglow in atomic oxygen red and green lines under moderate
disturbed geomagnetic conditions at midlatitudes

A.V. Tashchilin1, L. A. Leonovich1

1Institute of Solar-Terrestrial Physic SB RAS, Irkutsk, Russia
E-mail: avt@iszf.irk.ru

We  present  results  of  a  study  of  mid-latitude  auroras.  The  study  is  based  on  the  optical
measurements  and  theoretical  modeling.  The  modeling  was  shown  that  the  precipitation  can
indirectly  generate  airglow in red and green lines of atomic oxygen by increasing rates  of ion
formation and heating of  thermal  electrons.  This  causes  an  increase  in  the  rate  of  dissociative
recombination and thermal-electron-collision excitation of the 1D and 1S levels. 
This work was supported by RFBR grant 16-05-00563.

Sudden phase anomalies of VLF radio signals registered in Yakutsk during solar
cycle activity 

A.A. Korsakov1, V.I. Kozlov1,2, R.R. Karimov1, I.Ya. Pinigina2

1Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
2North-Eastern Federal University, Yakutsk, Russia 

E-mail: korsakovaa@ikfia.sbras.ru

The parameters adaptation of the model of VLF (3-30 kHz) navaid station signal phase variations
depending on the X-ray radiation from the Sun on the Novosibirsk – Yakutsk propagation path
during  sudden  phase  anomalies  (SPA)  in  the  minimum and  maximum solar  activity  (SA)  are
produced. The sudden phase anomalies considered as a function of solar X-ray flux and the cosine
of the solar zenith angle. The cosine of the solar zenith angle value averaged along Novosibirsk –
Yakutsk  propagation  path.  Based  on  the  data  stream  of  the  radio  emission  of  the  Sun  F10.7
correlated with the intensity of Lα (121,6 nm), the intervals corresponding solar activity increase
are defined: during the summer - 2012 – 2014, during the winter - 2014 – 2015. The SPA sensitivity
to X-ray flux P (parameter B - the slope of the linear regression model) depends on the season and
the state  of SA: for the minimum SA B_winter = 3.2, B_summer = 4.1; for the maximum SA
B_winter = 3.4, B_summer = 4.0. The values of signal phase deviations for fixed P from summer to
winter for Novosibirsk – Yakutsk propagation path (parameter A - the initial offset of the linear
regression model) increases: for minimum of SA A_winter = 49.2, A_summer = 55.9; for maximum
SA A_winter = 49.1, A_summer = 54.7. During solar activity minimum in winter the VLF signal
phase variations more sensitive to weak solar flares (to small X-ray flux variations). 
The study was supported by RFBR, research projects No. 15-45-05005 р_восток_а, 15-45-05135
р_восток_а.

Variations of intensity of medium-altitude VLF-radiation at 8.7 kHz in the solar
activity cycle for the period 2001-2015 years

R.R.Karimov1, V.I. Kozlov1,2, A.A. Toropov1

1Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
2North-Eastern Federal University, Yakutsk, Russia 

E-mail: karimov@ikfia.sbras.ru

The study of the VLF noise intensity at a frequency of 8.7 kHz, registered at the station Yakutsk
(62.00 N, 129.72 E) for the period 2001 – 2015 years have been carried out. The loop antenna



orientated in the east-west direction receives the VLF radio noise. The main contribution in the
intensity of the VLF noise at Yakutsk makes the electromagnetic radiation of lightning as regional
thunderstorms and world centers of thunderstorms. Magnetosphere-ionosphere sources affect the
VLF noise intensity at 8.7 kHz during strong geomagnetic disturbances, which usually appear at
lower frequencies. In our early researches, we found the relations between the VLF noise intensity
of  lightning origin and solar  activity,  the  solar  wind parameters variations and the  intensity  of
cosmic rays for the period 1979 – 2006 years. In this work, have been found a positive relationship
between the VLF noise intensity of thunderstorm origin and variations of the solar wind parameters,
as well as the effects during a significant change of the cosmic rays flow. The results suggest that
the influence of cosmic rays on the Earth's atmosphere causes to the change in the global lightning
activity. This work was partially supported by programs: RFBR №15-45-05005 r_vostok_a, RFBR
№15-45-05135 r_vostok_a, Grant the Head of Sakha (Yakutia) Republic for Young Scientists 2016.

Description of lidar systems in USTC for atmospheric measurements 

T.D. Chen1

1CAS Key Laboratory of Geospace Environment, University of Science and Technology of China,
Hefei, 230026, China

E-mail: ctd@ustc.edu.cn

Lidar because of its high temporal and spatial resolution is widely used in atmospheric research
nowadays. A serial of lidar systems were developed by middle atmospheric team in USTC (Hefei,
China). Na/Rayleigh/Mie lidar system is capable of measurements of aerosol extinction (ground
level to 30km), atmospheric density and temperature (25–70 km), and sodium density (80–110 km).
Two  mobile  Rayleigh  Doppler  lidar  based  on  double-edge  technique  is  also  implemented  for
simultaneously observing wind and temperature at heights of 15 km–70 km away from ground. All
these lidars together make unique observations of the middle and upper atmosphere at Hefei, China.

The sharp drop of the F-layer critical frequency as the boundary of a large-scale
ionospheric plasma convection.

A.E. Stepanov1, S.E. Kobyakova1, V.L. Khalipov2, I.I. Struchkov3, V.V. Petrov3

1Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
2Space Research Institute, RAS, Moscow, Russia

3Technology Institute, M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia
E-mail: a_e_stepanov@ ikfia.sbras.ru

The data of the ionospheric observations (the daily f-graphs) at the Yakutsk meridional chain of
ionosondes  (Yakutsk-Zhigansk-Batagai-Tixie  Bay)  with  sharp  drops  (decreases)  in  the  critical
frequency of the regular ionospheric F2 layer (foF2) are considered. The data for 1968–1983 were
analyzed, and the statistics of the foF2 drop observations, which indicate that these drops are mainly
registered in equinoctial months and in afternoon and evening hours under moderately disturbed
geomagnetic conditions, are presented. Calculations performed using the prognostic model of the
high-latitude  ionosphere  indicate  that  the  critical  frequency  drop  location  coincides  with  the
equatorial boundary of large-scale plasma convection in the dusk MLT sector.
The  work was partially supported by the  Russian  Foundation  for  Basic  Research  (grants  No.
15-45-05066 and No. 15-45-05090).

http://link.springer.com/article/10.1007/BF00348610


Effect of the solar activity on a seasonal change of temperature of the
high-latitude mesopause in the 23rd cycle

A.M. Ammosova1, P.P. Ammosov1, G.A. Gavrilyeva1, I.I. Koltovskoi1 
1Yu.G.Shafer Institute of Cosmophysical Research and Aeronomy of Siberian Branch of the Russian

Academy of Science, Yakutsk
E-mail: AmmosovaAM@ikfia.ysn.ru

The  analysis  of  change  of  mesopause  temperature  on  the  basis  of  measurement  of  the
rotational temperature of OH (6,2) is presented. The period of observations carried out at Maimaga
station (63.04°N, 129.51°E) is from 2000 up to 2015. Measurements are conducted with an infrared
spectrograph. The temperature has been determined from a distribution of radiation intensity in
different branches of a molecular band of hydroxyl. We use data with the radiometer SABER v2.0
(TIMED satellite). The temperatures measured with the spectrograph and SABER radiometer is
correlate well in the spring and autumn months. Seasonal variations of temperature the mesopause
region during the 23rd cycle of solar activity have been studied. A strong dependence of annual and
semi-annual components of the temperature of high-latitude mesopause on the solar cycle has been
found out. It most likely points to the strengthening of circulation of the upper atmosphere during
the periods of solar activity maxima.

Classification of transparency of the atmosphere over the central part of yakutia

M.S. Vasiliev1, S.V. Nikolashkin1

1Yu.G.Shafer Institute of Cosmophysical Research and Aeronomy of Siberian Branch of the Russian
Academy of Science, Yakutsk

E-mail:  ms_vasiliev@ikfia.sbras.ru 
The results of the classification of atmospheric transparency over the central part of Yakutia are
presented. The data of experimental observations derived from sun photometer CIMEL CE-318 and
MODIS/Terra device, Aqua, as well as climate models (NCEP/NCAR, HYSPLIT) are used for the
period 2004-2014. It is shown that the days with "extreme" turbidity atmosphere are characterized
by the values of aerosol optical depth (third class of atmosphere transparency, "turbid atmosphere")
located above the variants with the greatest frequency of occurrence (M0) and lead to a decline of
the short-wave solar radiation. In general, for the entire study period, every year, the days with the
third class of the atmospheric transparency are located in average in the range 25-30%. This work
supported with RFBR grant No 15-05-05320. Key words: an atmosphere transparency, an aerosol, a
sun photometer, the forest fires, downward solar radiation flux.

Lower thermosphere Doppler temperature and neutral wind investigation with
Fabry-Perot interferometer

S.V. Nikolashkin1, A.A. Reshetnikov1

1Yu.G.Shafer Institute of Cosmophysical Research and Aeronomy of Siberian Branch of the Russian
Academy of Science, Yakutsk

E-mail:  ms_vasiliev@ikfia.sbras.ru 
We  present  a  new  type  of  the  Fabry-Perot  interferometer  (FPI)  for  measuring  the  Doppler
tem-perature and neutral wind at heights of lower thermosphere (~ 95-300 km) on the airglow and
auro-ral emissions 557.7 and 630 nm [OI] near Yakutsk. To FPI plates parallelizm stabilization we
used  a  CCD  camera  type  ST-9,  which  periodically  photographes  a  stabilized  He-Ne  laser
(LGN-303)  fringes  through  separating  mirror.  FPI  stabilization  produced  by  supplying  a
compensating voltages to corresponding piezoactuators determined by analyzing the interference
pattern of the laser. The main camera for registration is CCD ANDOR IKon-M 934 (1024x1024
pixels).  The method of  the  experimental  data  processing is  described.  Presented  results  of  the



experimental data processing for March 2016 at wavelengths 557.7 nm and 630 nm [OI]. This work
supported with RFBR grant No 15-05-05320.

Modeling diurnal-seasonal variations of peak height in East Asian sector of
equatorial ionosphere

K.G. Ratovsky1, E.B. Romanova1, J.K. Shi2, X. Wang2, G.J. Wang2, A.V. Oinats1
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The  Hainan  Digisonde  operates  in  the  East  Asian  sector  of  the  equatorial  anomaly.  Diurnal
variations of the peak height obtained at this station are characterized by a multi-peak structure with
4 peaks  in  winter,  3  peaks  at  equinoxes,  and 2  peaks  in  summer.  Such a  complex multi-peak
structure is not observed at mid-latitude stations and differs from the diurnal variations at other
equatorial  stations. The purpose of this study is to reveal mechanisms forming such multi-peak
diurnal behavior using the numerical model for ionosphere-plasmasphere coupling developed at the
ISTP SB RAS. The model takes into account the following mechanisms forming the peak height
diurnal variations: the plasma drift due to equatorial electric field; the neutral wind induced plasma
drift; and diurnal variations of the balance height.
The  work  is  supported  by  the  Russian  Foundation  for  Basic  Research  (RFBR  grant  No.
16-55-53003_ГФЕН_a).

Discrepant responses of the global electron content to the solar cycle and solar
rotation variations of EUV irradiance

Yiding Chen1, Libo Liu1, Huijun Le1, and Hui Zhang1
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The  responses  of  the  ionosphere  to  the  solar  cycle  and  solar  rotation  variations  of  extreme
ultraviolet  (EUV)  irradiance  were  comparatively  investigated  using  daily  mean  global  electron
content (GEC) and SOHO/SEM 0.1–50 nm EUV flux. GEC is well correlated with EUV on both
the solar cycle and solar rotation timescales; however, the responses of GEC to the solar cycle and
solar rotation variations of EUV are significantly different in terms of the following two aspects: (1)
The response of GEC to EUV solar rotation variation has time lag effect; the lag time is dominated
by a  1-day  lag  and generally  presents  a  decrease  trend with decreasing solar  activity.  For  the
response of GEC to EUV solar cycle variation, however, there is no evident time lag effect. (2)
GEC versus EUV slopes are different for the solar cycle and solar rotation variations of GEC and
EUV; the solar cycle GEC versus EUV slope is higher than the solar rotation GEC versus EUV
slope, and this occurs in different seasons and at different latitudes. The results present an aspect of
the difference between ionospheric climatology and weather.



Lidar observations of sporadic K layers and comparison with sporadic Na layers
at Beijing, China (40.6°N, 116.2°E)
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A double-laser beam lidar was successfully developed to simultaneously measure K and Na layers
at Beijing (40.6°N, 116.2°E) in 2010. Statistical analysis of the parameters of sporadic K (Ks) and
sporadic Na (Nas) layers was performed over two years of lidar data, and different characteristics of
them were found. The Ks occurrence had a maximum (4.9 %) in January-February months and a
minimum (1.0 %) in September-Octerbor months; most Ks peaks tended to occur around 93 km,
which was ~ 2 km lower than that of Nas (~ 95 km); the Ks peak density was often at least one
order of magnitude lower than that of Nas; notably, two Ks with high peak densities (> 1000 cm -3)
were  observed,  which  was  much  higher  than  K  density  (15-300  cm-3)  reported  before.  The
ascending time of Ks was often longer than its descending time, but an opposite trend occurred for
Nas. During the 152 cases of joint observation for the K and Na layers, 21 % (32/152) were cases in
which Ks and Nas events simultaneously occurred, while 79% (120/152) were cases in which only
one layer (K or Na) exhibited a strong Ks or Nas.

Investigations of low latitude F region field-aligned irregularities with the
Hainan VHF Radar in 2014-2015

Shang S.P.1, Shi J.K.1, Yan J.Y.2, Yan C.X.1, Yang G.T.1, Wang X.1, Wu Q. Z.3, Nan F.3

1State Key Laboratory of Space Weather, NSSC, CAS
2National Microwave Remote Sensing Laboratory, NSSC, CAS

3School of Information and Electronics, BIT
E-mail: shangsp@nssc.ac.cn

The morphology characteristics of ionospheric F region 3-m scale field-aligned irregularities (FAIs)
in Eastern  Asia have  been investigated by using the observation data  of Hainan VHF radar  in
2014-2015, in which the monthly mean F10.7 solar flux show the clear decrease from the peak in
the start of 2014 to the foot in the end of 2015. According the structure and evolution of F region
FAIs, they can be further classified into the three cases: radar plumes (RP), broad spread F (BSF)
and weak spread F (WSF). They indicate the different phases of generation, evolution and decay of
low latitude F region irregularities.  The main results exhibit the F region FAIs mainly present in
Feb.-April and in Sep.-Nov. near the two equinoxes and are greatly reduced in May-Aug. near
summer solstice, and almost completely disappeared in Dec.-Jan. near winter solstice, which are
greatly affected by the solar activity. F region FAIs are more robust in spring equinox than in fall
equinox, which can be shown in the occurrence rate, the structure and evolution, the duration time
and so on. In spring equinox, the occurrence rate is far higher, and F region FAIs show the more
structures and the longer duration time. RP near sunset are greatly enhanced. The following BSF
and  WSF can  present  intermittently  and may persist  into  the  post-midnight.  F  region  FAIs  in
summer solstice mainly show BSF and WSF with the clear time delay. BSF mainly present in the
pre-midnight, and there are mostly WSF in the post-midnight. The clear decrease of solar flux F10.7
can cause the different changes to the occurrence of F region FAIs in the equinoxes and summer
solstice. F region FAIs are greatly reduced in the equinoxes, in which RP are greatly reduced and
BSF and WSF are relatively enhanced. F region FAIs seem not to be evidently affected in the



summer solstice, in which BSF have some decrease but WSF have some increase, and there overall
show an increase trend.
This work was supported by the National Natural Science Foundation of China (41474136).

The dynamics of the dayside polar cusp by measurements at auroral stations
Tixie Bay and Norilsk 

A.E. Stepanov1, V.L. Khalipov2, O.M. Pirog3, V.A. Telegin4,5, V.A. Panchenko4

 Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
2Space Research Institute, RAS, Moscow, Russia

3Institute of Solar-Terrestrial Physics, SB RAS, Irkutsk, Russia
4N.V. Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radiowave Propagation RAS,

Troitsk, Russia
5OAO NPK NIIDAR, Moscow, Russia
E-mail: a_e_stepanov@ ikfia.sbras.ru

In the dayside sector of the polar ionosphere the oblique radio reflections in the HF-range may
occur in several different areas: near the sharp equatorial boundary of a dayside polar cusp, from
discrete auroral arcs in the dayside cleft and equatorial  boundary of the dayside diffuse auroral
zone. Observations with the oblique sounding method implemented in Tixie Bay for a long period
that allows on the basis of a large set of ionosphere measurements localize the region of dayside
radio reflections and draw a comparison with the same satellite data of dayside polar cusp and
diffuse auroral zone. Simultaneous observations of the dayside polar ionosphere were also held
from two stations Norilsk (Λ0 = 64.0), and Tixie Bay (Λ0 = 65.4), which be in good agreement with
each other.  The possibilities of a new generation of the DPS-4 digital  ionosonde for use in the
auroral latitudes are considered.

A modeling study of global ionospheric and thermospheric responses to extreme
solar flare 

H. Le1, L. Liu1, Z. Ren1, Y. Chen1, H. Zhang1

1 Institute of Geology and Geophysics, CAS, Beijing, China
E-mail: lehj@mail.iggcas.ac.cn

In  this  study,  we  employed  a  thermosphere  and  ionosphere  coupling  model  to  investigate
ionospheric and thermspheric responses to an extreme solar flare of X40. The simulated results
show that the peak enhancement of total electron content reaches about 35TECU and there are as
long as more than 4 h ionospheric disturbances induced by the extreme solar flare. At the same
time,  the  extreme  solar  flare  causes  significant  disturbances  in  thermosphere.  The  peak
enhancement of neutral density at 400km reaches more than 100% and the peak enhancement in
neutral temperature at 400km is about 250K. Several numerical experiments for different class solar
flares were further carried out to study the ionosphere and thermosphere variations with solar flare
level. The results show the increasing amplitude of electron density at low altitude decreases with
increasing flare level; however, the increasing amplitude of electron density at topside ionosphere
increases with increasing flare level. The thermosphere density has the same variation trends with
flare level. These results suggest that the extreme solar flare would cause the strong disturbances at
high height.



The atmospheric temperature at the OH and the O2 emission heights above
optical station Maimaga measured with a SABER/TIMED (version 2.0)

G.A. Gavrilyeva1, P.P. Ammosov1, I.I. Koltovskoi1, A.M. Ammosova1
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The work presents a comparison of the kinetic temperature of the emissive layers of O2 (~90 km)
and OH (~87 km) measured with a SABER radiometer on the TIMED satellite,  and rotational
temperatures of the first atmospheric infrared O2(0-1) band and OH(6-2) band measured with  a
ground spectrograph installed on the optical station Maimaga (63°N, 129.5°Е).  For comparison
SABER  measurements  obtained  in  2002-2013  were  selected  within  the  area
(55°N-70°N)×(115°E-135°E). The angle of view of the ground-based spectrograph is nearly in the
center of the selected area. Analysis of the 4612 profiles obtained for 12 years showed that the
seasonal temperature variations have approximately the same type. The temperature of the OH layer
measured by satellite is 4.5K more than temperature measured by ground-based spectrograph and
20K  higher  for  O2  layer  correspondingly.  It  was  found  that  the  difference  between  the
measurements  from  satellite  and  ground-based  instrument  has  inter-annual  variability.  In
2002-2003,  the  temperature  difference  in  the  two  emissive  layers  does  not  exceed  5K.  In
2009-2010, the temperature difference reaches 40K for the O2 and 20K for the OH. In 2013, the
temperature  of  OH layer  measured  by  two devices  is  almost  the  same,  but  for  O2 difference
decreases to 10K.

Ionospheric disturbances in East Asia during magnetic storms in 
December 2006 and December 2015

Polekh N.M.1, Romanova E.B.1, Zherebtsov G.A.1, Zolotukhina N.A.1, Shi J.K.2, Wang X.2, 
Wang G.J.2
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E-mail: polekh@iszf.irk.ru 

Based on data from the ionosondes located nearby 120 E a comparative analysis of ionospheric
disturbances observed during the intense geomagnetic storms in December 2006 and December
2015 was done.  These storms had nearly equal intensities and were associated with  prolonged
southward IMF Bz component but former one was characterized by a more sharp decrease in Dst
index.  It  was  shown that  on December 15,  2006 in the  daytime at  the  subauroral  and middle
latitudes a sharp increase in the F2 layer critical frequency was recorded, which coincided with the
magnetic storm maximum. Over the course of recovery phase of this storm wave-like fluctuations
of the critical frequencies were observed. During the main and early recovery phases of December
2015 magnetic storm positive disturbances were observed at mid-latitudes; negative, at subauroral
and low latitudes.  Possible  processes which drove the distribution of the electron concentration
during these storms were discussed.
The reported study was  supported by RFBR according to the research project No. 16-55-53003
NFNS_a.



Factors controlling the location of the ionopause and photoelectron boundary on
Mars 

X.Han1, Y.Wei1, M.Fraenz2, E.Dubinin2, D. J. Andrews3, W.Wan1, Z. Rong1, L. Chai1, J. Zhong1, S.
Barabash4
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Academy of Sciences, Beijing, China
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4Swedish Institute of Space Physics, Kiruna, Sweden
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The  ionopause  and  photoelectron  boundary  (PEB)  are  two  different  methods  that  are  used  to
recognize  the  upper  boundary of the  Martian  ionosphere,  or the  interface between the  Martian
ionosphere and solar wind. The location of the ionopause and PEB determined from Mars Express
during 2006-2014 is analyzed under different conditions of solar wind, solar EUV and crustal fields
to determine those factors that control the location of the Martian ionopause and PEB.

Parameters of waves, moving at a height of mesopause on three emissions 

I.I. Koltovskoy1, P.P. Ammosov1, G.A. Gavrilyeva1, A.M. Ammosova1

1 Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
E-mail: Koltigor@mail.ru

The short-period gravity waves by the images of two all-sky cameras, registered at different
heights (~97кm and ~87кm) are detected. The first camera detects gravity waves in the visible
region by emission of atomic oxygen (557,7 nm) at  a height of 97 km. Second camera detects
hydroxyl molecule emission in the near infrared region at a height of 87 km. Both cameras installed
at  Maymaga  station  (63°N,  129.5°E).  According to  two cameras  data  horizontal  characteristics
(propagation  direction,  horizontal  phase  velocity,  period  and  horizontal  wavelength)  of  gravity
waves was obtained.

Considering the night 06.02.2013 most of the night there is a slow motion (v ~ 20-30 m/s) of
short-period gravity waves (wave length up to 10 km) in the direction of the south-east.  In the
morning the reverse direction of propagation is observed. In the evening (~ 17: 30 UT) begins
intensive movement of larger scale gravity waves (~ 40 km) in the direction of the north-east at a
velocity of 70 to 160 m/s.

Long-term trend of the minimum frequency of ionospheric reflections and F10.7
solar radio emission 

S.E. Kobyakova1, A.E. Stepanov1, A.L. Konstantinov2, D.I. Tokusarov2

1Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
2M.K. Ammosov North-Eastern Federal University, Yakutsk, Russia

E-mail: s.e. kobyakova@ ikfia.sbras.ru

Data of vertical sounding of the ionosphere at Yakutsk (φ =62.01°N, λ =129.43˚E) for the purpose
to reveal long-term (1956-2015) trends in the lower ionosphere by the ionospheric fmin parameter,
i.e.  the  minimum  frequency  of  radio  reflections  from  the  ionosphere,  have  been  statistically
analyzed. It is shown that in last four cycles of solar activity an increase of annual average values of
fmin parameters is observed. Seasonal trends in the moment in two hours after a sunrise have a
positive sign for spring, summer and autumn with a decrease of trend value from spring to autumn.



In winter the trend in fmin parameter is negative. In the moment in two hours after a sunset in
values of  fmin the global changes are not manifested. Linear trends for daily average values of
fmin parameter are negative during the winter period and they are positive in other seasons. There
is some correlation relation between variations of fmin and F10.7.

Ionospheric plasma bubbles observed concurrently by multi-instruments in low
latitude ionosphere 

J. K. Shi1, 2, G. J. Wang1, G. Zherebtsov3, E. B. Romanova3, K. G. Ratovsky3, X. Wang1, Z. Wang1,
N. M. Polekh3, S. V. Voeykov 3

1State Key Laboratory of Space Weather, NSSC, CAS, Beijing, China
2University Chinese Academy of Sciences, Beijing, China

3ISTP, Russian Academy of Sciences, Siberia Branch, Irkutsk, Russia
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Previous studies have shown that the ionospheric “strong range spread F” (SSF) closely correlates
with the occurrence of scintillations caused by equatorial plasma bubbles. However, there is no
report  on  concurrent  observations  of  SSF  and  bubbles  with  in  situ  measurement.  This  paper
discusses two cases of concurrent observations with a DPS4 Digisonde and a collocated scintillation
monitor  at  the  low-latitude  station  Hainan  (19.5°N,  109.1°E),  and  with  in  situ  ion  density
measurements made by the ROCSAT-1 satellite. Two case studies were made for 10 and 23 April
2004, respectively. In both cases the SSF occurred before midnight and lasted more than 3.5 hours.
The scintillations were accompanied with strong range SF. Concurrently, the ROCSAT-1 satellite
observed plasma bubbles over Hainan station. In the first case, two bubbles were observed by the
satellite with east-west sizes of more than ~200 km over Hainan station. Two bubbles were also
observed in the second case with east-west extensions of about 220 km and 35 km, respectively. For
the  first  time  direct  observational  evidence  is  provided  for  the  causal  relationship  between
equatorial  plasma bubbles with in situ  measurement and the concurrent occurrence of SSF and
strong scintillations.

Geomagnetic activity and circulation dynamics in the winter time
stratosphere

E.V. Devyatova1

1Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia

E-mail: devyatova@iszf.irk.ru

There are studies indicating that the disturbance of the lower atmosphere circulation is markedly 
increased after the geomagnetic storms. We investigate the circulation disturbances on the higher
layers of the atmosphere during periods with different levels of geomagnetic activity using 
NCEP/NCAR Reanalysis, ERA-Interim data from 1950 to 2011. The disturbance of atmospheric 
circulation for individual winter months with high and low levels of geomagnetic activity in the 
northern hemisphere was estimated. The calculated differences showed that the response has 
strong regional dependence and differs in the first and second half of the winter.



Observation of traveling ionospheric disturbances using GPS networks in China

F. Ding1,2, W. Wan1,2
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China covers a wide area with the magnetic latitude range of ~7°N–42°N. In recent years, we used
the  GPS  networks  of  China  to  observe  the  propagation  properties  of  traveling  ionosphere
disturbances at middle and low latitudes. A comparative study of the climatology of large-scale
traveling ionospheric disturbances (LSTIDs) over China and North America was conducted. We
categorized the LSTIDs into three types, namely south-, north-, and westward-propagating LSTIDs,
and discussed the latitude difference of the long-term variation of LSTIDs between the two regions;
Using the  dense  local  GPS networks  in  China,  we observed the  propagation  of  medium-scale
traveling  ionosphere  disturbances  (MSTIDs)  excited  by  some local  sources  such  as  the  rocket
launch, and earthquake, the blast  of meteorite, and the night-time electric instability. Our study
revealed  some  new  propagation  features  based  on  observation  of  the  fine  structures  of  these
MSTIDs.
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A Long-term Solar Activity Integrated Data Set

Ganghua Lin1,2, Suo Liu1,2, Cui Zhao1,2, Xiao Yang1,2, Xiaofan Wan1,2,Yuanyong Deng1,2,
Haisheng Ji3, Chengmin Tan1,2, Zhanle Du1,3, Jun Lin4
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Data with multiple solar active cycles, multiple bands and full event are very valuable for both
research and forecast of space weather. There are a lot of studies on sunspot, for examples, locating
early  sunspots:  Implications  on  solar  activity,  reconciling  the  international  and  group  sunspot
numbers. There are a lot of discussion on radio imaging observations over the solar cycles. There
are also a lot of discussion on differences between CME rate and sunspot number, discussion on
relationship between magnetic field generation on long time scales and solar dynamo, discussion
relationship  between cyclic  magnetic  activity  and turbulent  convetion,  also  discussion  on flare
extreme events and their effects. So such a project is be carrying out that all data observed in china
are to be merged into a whole data set. In the data set, there are 90 years sunspots data, 29 years
magnetic field data, 32 years radio data, 25 year Halpha data. There are totally 24 kinds of type data
in  the  data  set.  After  the  project  is  finished,  a  data  system  with  international  standardized,
searchable and processible functions will be helpful to study space weather. 
This  work  is  supported  by  China's  Ministry  of  Science  &  Technology.  (2014FY120300,
2012FY120500)

Diagnostics of interplanetary space as deduced from ground-based cosmic-ray
observations during huge geomagnetic storms in the 23rd solar cycle

M.V. Kravtsova1, V.E. Sdobnov1 
1Institute of Solar and Terrestrial Physics, Russian Academy of Science, Siberian Branch, Irkutsk,

Russia
E-mail: rina@iszf.irk.ru

Worldwide network data and a spectrographic global survey method have been used to study the
behavior  of  cosmic  ray  intensity  (in  particular  Forbush-effects)  and variations  in  the  planetary
system of geomagnetic cutoff rigidity during strong geomagnetic disturbances in solar cycle 23. We
show spectra of cosmic ray variations for these periods as well as spectrum exponents of these
variations during approximation of spectrum by power function of particle rigidity ranging from 10
to  50  GV in  different  Forbush-effect  phases.  Exponents  of  the  cosmic-ray  variation  spectrum,
approximated by power function with respect to particle rigidity, during the maximum modulation
phase are demonstrated to be higher than those during descending and recovery phases of cosmic
ray intensity. The absence of an increase in the amplitude of the second harmonic of cosmic-ray
pitch-angle anisotropy on November 20,  2003 confirms that  the Earth got  to  a magnetic  cloud
shaped like a spheromark that was not connected with the Sun. Higher amplitudes of the second
harmonic  of  cosmic-ray  pitch-angle  anisotropy  during  other  Forbush-effects  in  July  2000,
March-April 2001, October 2003, and November 2004 suggest that during these periods the Earth



was in the  region of  a  coronal  mass  ejection with the  loop-like  structure  of  the  interplanetary
magnetic field.

Problems and tools for geomagnetic monitoring

Parkhomov V.A.1, Chilikin V.E.1

1Baikal State University, Irkutsk, Russian Federation
E-mail: pekines_41@mail.ru

In connection with the increase of global climate problems, special significance is the problem of
space  weather,  a  component  of  which is  perturbed geomagnetic  field in  near-Earth  space.  The
problems of real-time monitoring of the geomagnetic magnetosphere state registration according to
the variation of the geomagnetic field in the global network of magnetic observatories, including
Intermagnet  network.  The  problems  of  real-time  monitoring  of  the  magnetic  state  of  the
magnetosphere according to the registration of variations of the geomagnetic field in the global
network of magnetic observatories, including Intermagnet network. We compare the methods and
monitoring  tools.  The  algorithm,  design  and  implementation  of  software  for  calculation  of
ionospheric currents vector maps for ground-based observations of geomagnetic field variations in
the global network of magnetic observatories and interplanetary medium parameters on satellites.
The program is implemented in a compiled programming language C # using the Microsoft .NET
Framework. It  proposed and implemented a method for determining the structure, intensity and
dynamics of ionospheric equivalent currents in fixed ranges latitudes: the polar cap, auroral zone,
middle and equatorial latitudes.

Global survey in real-time and forecast of geomagnetic disturbances

V.G. Grigoryev1, S.A. Starodubtsev1, P.Yu.Gololobov1

1Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia
E-mail: gpeter@ikfia.sbras.ru

The results of the study of the behavior of magnitude of zonal components of first two angular
moments of cosmic ray distribution during the  periods of  geomagnetic  storms period that  was
observed in 2005 are presented. In order to determine the zonal harmonics, the method of global
survey that was developed in ShICRA SB RAS is used. It is shown that the increase of positive
amplitude in one of zonal components or in their summ till the magnitude +0.7% and more, with the
probability 0.75, precedes the geomagnetic storm with Dst <-50 nT. The time of appearance of the
predictor before the storm ranging from a few hours to 1 day. At the present time on the basis of the
world neutron monitor database (http://www.nmdb.eu) and the method of global survey the method
of  real  time  forecasting  of  large  geomagnetic  storms  is  creating.  The  preliminary  results  are
presented in the Internet.

Complex installation for secondary cosmic rays monitoring

Yu.V. Balabin1, A.V. Germanenko1, B.B. Gvozdevsky1

1Polar Geophysical Institute, PGI, 184209, Apatity, Russia.
E-mail: balabin@pgia.ru

In  the  Polar  Geophysical  Institute  a  complex  installation  created  for  secondary  cosmic  rays
monitoring  integrates  detectors  of  neutron,  charged  (electron-muon)  and  electromagnetic
components of secondary cosmic rays. The fluxes of these components are recorded continuously
with the resolution of 1 minute. Besides, by means of the scintillation detector on a Ø150×110 mm



NaI(Tl) crystal, the differential spectrum of background gamma-radiation is measured within the
energy range of 0.2-5 MeV. The period of one spectrum gathering is set to 30 minutes. An integral
spectrum is recorded by the scintillation detector on a Ø60×20 mm NaI(Tl) crystal within the range
of 20-400 keV with two output channels: >20 and >100 keV. The neutron component is measured
by two instruments: a conventional neutron monitor 18-NM-64 (NM) and a leadless section (bare
NM, bNM). The conventional NM is sensitive to neutrons with energy exceeding ~50 MeV, while
bNM is sensitive to neutrons with energy up to 100 keV only. The detector of a charged component
consists  of  two  layers  of  the  Geiger-Muller  counters.  The  output  of  the  upper  layer  and  the
coincidence of the two layers are  used.  The upper layer records both the charged particles and
gamma-quanta, the scheme of coincidence between the upper and lower layers selects the signal
corresponding to  a charged particle.  The energy threshold for charged particles is estimated ~7
MeV. The installation operates since 2009 and a great database has been accumulated and analyzed.
Every year 50-70 increase events of 5 to 50 % in amplitude were registered in the gamma-ray
background. The increase events are connected with precipitation. Simultaneously a small effects
are  in  other  components  are  present.  An  annual  variation  of  the  gamma-ray  background  with
amplitude ~30 % were found too. The same installation under some reduction is set in Barentsburg
station  (Spitsbergen).  The  same  increase  events  and  annual  variation  are  present.  A
noncontradictory hypothesis explaining the observed effect is suggested.

The RUSCOSMICS© software package in a cosmic rays investigation tasks

E.A. Maurchev1, Yu.V. Balabin1

1Polar Geophysical Institute, Apatity, Russia
E-mail: maurchev@pgia.ru

In  this  work the  RUSCOSMICS © software  package  using in  a  cosmic rays  research tasks  is
considered.  It was created at the Apatity neutron monitor station and includes a number of models,
such as a neutron monitors, a scintillation detectors and a proportional counters with a different
configurations. The calculation of a devices characteristics, for example, a response functions or a
specific  yield  functions,  allow  to  extend  the  application  field  up  to  a  radiation  flux  source
characteristics accurate assessment tasks. The separate module is a primary cosmic rays propagation
through the Earth's atmosphere calculation. It collect information about a secondary cosmic rays
flow and allows us to estimate an ionization rate. All of the models are strictly verified.

Regional features of the dynamics of forest fire activity in Siberia during 23rd
solar cycle

O.A. Tomshin, V.S. Solovyev
Yu.G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia

E-mail: otomshin@ikfia.sbras.ru

Forest  fires have  impacts  on the environment,  natural  ecosystems biodiversity,  species and age
structure of forests, and their resource and ecological potential. In cryolithozone region a change of
radiation balance due to reduction of earth's surface albedo (burned area) can lead to degradations
of permafrost and following increase of greenhouse gases emission (CO2, CH4, etc.) that are stored
in large quantities in permafrost. The study of annual forest fires variations in cryolithozone region
during 23rd solar cycle is carried out. Analysis of forest fire activity during 2001-2014 is made on
remote sensing data. The spatial distribution of correlation coefficient between forest fires and solar
cycle  is  discussed.  During study period there  is  a  good agreement  between level  of pyrogenic
activity and solar cycle in the North-Eastern Siberia, while for other areas of Siberia such agreement
is absent.



Effects of Space Weather by the Data of Meridional Chain Stations in Yakutia
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Yakut meridional chain (YMC) of IKFIA SB RAS, located along the 190º magnetic meridian, is
equipped with geophysical and radio physics instruments for the monitoring of space weather in the
Northeastern Russia. The  YMC includes three basic stations at Yakutsk, Tixie and Zhigansk, and
five additional observation sites at Neryungri, Zyryanka, Dzhardzhan, Chokurdakh and isl.Kotelny.
The  YMC  provides continuous monitoring of near-Earth space in order to obtain data about the
magnetic  field variations,  cosmic radio noise,  VLF radiation and ionospheric  parameters in the
complex upper atmosphere-ionosphere-magnetosphere system.  In addition, long-term experiment
on research of  space  weather  influence on health  of  the  human being at  Tixie  and Yakutsk  is
conducted.  The report focuses on the description of the scientific objectives of the study of space
weather effects at subauroral and auroral latitudes and the participation of IKFIA SB RAS with
international projects (MAGDAS, Intermagnet, WWLLN et al.).
This  work was partially supported by program  “JSPS  Core-to-Core  Program,  B.  Asia-Africa
Science Platforms” and the Russian Foundation for Basic Research (grants No. 15-45-05066, No.
15-45-05090 and No. 15-45-05108).

Atmospheric parameters variations during Forbush decreases of cosmic rays
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It is known that during the Forbush decrease (FD) of cosmic rays (CR) as well as after the powerful
geomagnetic disturbances or solar flares, changes in cloud cover, in atmospheric pressure at surface
and in geopotential  heights  is observed.  The study of atmospheric  parameters disturbances and
variations of CR flux in the northern hemisphere during 2000-2012 is made using satellite  and
ground-based observations. Based on the neutron monitors data from four stations in the northern
hemisphere, 25 FD events during 2000-2012 were selected for study. The amplitude of the CR flux
variations in these events ranged from ~5 to ~22%. Analysis of cloud cover and CR variations is
carried out using superposed epoch method. The 0-day for each event was defined as day with the
lowest CR flux value with respect to 90-day moving average. Changes in atmospheric parameters
were estimated by daily  average data  of multispectral  radiometer MODIS (Terra satellite). It  is
shown that there is correlation between cloudiness and CR flux variations with coefficient of -0.82
(significance level of p <0,001) for the latitude zone 70°-90° N and -0.68 (p <0,001) for the zone
50°-70° N. The amplitude of cloudiness variations during 25 events for the sector 70°-90° N was
~4%, for the sector 50°-70° N ~1%.



Implementing a wind measurement Doppler Lidar based on
a molecular iodine filter to monitor the atmospheric wind

field over Beijing
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A wind measurement Doppler Lidar system was developed, in which injection seeded laser was
used  to  generate  narrow  linewidth  laser  pulse.  Frequency  stabilization  was  achieved  through
saturated absorption of iodine molecules.  Commands that  control  the  instrumental system were
based on the PID algorithm and coded using VB language. The frequency of the seed laser was
locked to iodine molecular absorption line 1109 which is close to the upper edge of the absorption
range, with long-time (>4h) frequency-locking accuracy being≤0.5MHz and long-time frequency
stability being 3.55 × 10-9 . The experiment showed that the stabilized frequency of the seed laser
was different from the transmission frequency of the Lidar. And such frequency deviation is known
as Chirp of the laser pulse. The real-time measured frequency difference of the continuous and
pulsed  lights  was  about  10MHz,  long-time  stability  deviation  was  around  5MHz.  When  the
temporal  and  spatial  resolutions  were  respectively  set  to  1h  and  384m,  the  wind  velocity
measurement error of the horizontal wind field at the attitude of 15-35km was within ±5m/s, the
results showed that the wind measurement Doppler Lidar implemented in Yanqing, Beijing was
capable of continuously detecting in the middle and low atmospheric wind field at nighttime. With
further development of this technique, system measurement error could be lowered, and long-run
routine observations are promising.

FORECAST OF INTERPLANETARY SHOCKS BY COSMIC RAYS IN
ON-LINE REGIME WITH USE THE WORLD NETWORK OF POLAR

STATIONS

V.I. Kozlov1, V.V. Kozlov1

1Yu. G. Shafer Institute of Cosmophysical Research and Aeronomy SB RAS, Yakutsk, Russia, 
E-mail: cosmoprognoz@mail.ru

Results  of  interplanetary  shocks  forecast  by cosmic  rays  are  presented.  The  advanced algorithm of  the
quantitative description of cosmic ray particles "group" behaviour in shock vicinity was used. Correlated
fluctuations of GCR intensity or particles bunches, which are registered in a vicinity of a shock front, are, as
a matter of fact – precursor of a coming shock. The given algorithm since December 2014 has been made by
us in the form of Expert system («Cyber-FORSHOCK») for the forecast and diagnostic of Space weather
geoeffective events in on-line regime (http://www.forshock.ru/pred.html).  For cosmic rays monitoring the
European Data base of the (polar) cosmic rays stations world network (http://www.nmdb.eu) is used. Already
the first results of monitoring in a TEST regime have shown efficiency of the offered way.



High latitude ballooning observation of geospace system affected by space
radiation

Tao Chen1
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It  will  be  report  that  the  aim  of  the  special  project  is  to  establish  high  latitude  ballooning
observation system under the collaboration between China and Russia.  After all  equipment and
instrumentation is completed, it is will be proceed balloon experiments in several different high
latitude  sites  in  Russia  /China  or  their  observation  stations  in  arctic  and  antarctic  areas.  The
scientific objectives is that by ballooning measurement( mainly X ray detector, three dimensional
electric field instrument), determine the relativistic electron precipitation in different latitude, reveal
the evolution of different height atmospheric electric field during the precipitation bursts, determine
the occurrence and the spatial range of the precipitation bursts, determine the capture state of high
energy  electron  in  radiation  belt  region  on  the  same  magnetic  field  line,  estimate  the  forced
disturbance of the relative atmospheric electric field by the lost electron from the radiation belt in
more accurate quantity, understand the transport process between space weather and atmospheric
variation. The space scientist, engineer from both sides will contribute their efforts to build fine
ballooning observation system that  include  X ray  detector,  high  altitude  electric  field detector,
magnetometer, balloon platform, telemetry device, ground system that include ground based electric
field detector, magnetometer, telemetry system that includes antenna and other equipments, various
experiment  vehicles  with  each  station  resource  and  auxiliary  devices  during  the  special  space
mission.

Sayan Cosmic Ray Spectrograph and monitoring of electromagnetic
environment in interplanetary space and the Earth's atmosphere

V.M. Aleskov1, A.A. Lukovnikova1, A.C. Lysak1

1Institute of Solar-Terrestrial Physics SB RAS, Irkutsk, Russia
E-mail: luk@iszf.irk.ru

At present the world-wide network of neutron monitors includes 4 cosmic ray stations of  ISTP SB
RAS:  Irkutsk  (IRKT),  Irkutsk  2  (IRK2,  2000  m),  Irkutsk  3  (IRK3,  3000  m)  and  NORILSK
(NRLK). There are calibrated for recording lightning discharge fluxmeter, and registration system
of atmospheric electricity parameters on cosmic ray station  Irkutsk 3 (3000 m). The current status
and data transmission systems of each our cosmic ray stations are presented in article. 
We investigated the changes in the cosmic ray intensity level during a thunderstorm.
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The effect of variations of geomagnetic activity on the growth phase of the 24th
solar cycle on the pipeline

Yu.M. Grigor’ev1, E.N. Efremova1, V.I. Kozlov1,2
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Abrupt changes in the magnetic field creates an electric field is distributed in the main facilities.
Currents  having a  value of  tens  of amperes,  and an  electrical  potential  difference between the
pipeline  and  ground.  As  a  result,  increases  rapidly  electrochemical  corrosion.  Methods  of
experimental study of frequency and duration of periods of impact of geomagnetic disturbances on
the energy systems, in which pipelines are particularly susceptible to corrosion, can be reduced to
identification of time periods, in which the value of (dB/dt), which characterizes the geomagnetic
activity, exceeds threshold values. The time derivative of the component of the geomagnetic field
(dB/dt)  used to estimate the values of geomagnetic induced currents (GIC),  has a high positive
correlation  with  the  number  of  sunspots  (0.86)  and  the  aa-index  (0.9).  We measured  that  the
frequency of occurrence of a certain level of the rate of change of geomagnetic activity can be
expressed as a power law with an exponent of the order -1.7, and the probability of exceedance of a
given  level  can  be  expressed  by  the  law  lg(P)  =  -0.0517(dB/dt)  –  0.1946.  The  largest
high-frequency variations are noted during the recovery phase of magnetic bay and correspond to
geomagnetic pulsations of the Pc5 range (a period of variations of 200-300 s). On a pipeline on
these  pulsations,  other  high-frequency  variations  are  imposed  and  they  start  earlier  –  from  a
maximum of bay of disturbance. Results of measurements showed that even under the conditions of
weak geomagnetic disturbance (dB/dt = 55 nT) on 28.05.2011 the current induced on the pipeline D
= 0.11 m is about 0.5 A. 21.01.2005 current pipeline reached 3 A. 08.27.2013 current in the pipeline
D = 0.5 m reaches 0.3 A. Current induced in pipelines showed increasing linear dependence on
magnetic field changing rate increase as 0.024(dB/dt) + 0.07. It is noted the need of monitoring and
forecasting of magnetic storms and recommendations on the allocation of periods, during which one
cannot disable protection for preventive works.

Features of heart rate reaction parameters in young men at the geomagnetic and
meteo perturbation 
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Research of influence of helio-geophysical and meteorological factors was carried out on 20 young
men, students participating in the experiment at least 5-6 times in different periods of a 24-day cycle
in the fall of observations. Also held 4 series in different seasons surveys. The 24-day cycle research
highlighted  three  successive  time  periods:  1)  with  a  high  magnetic  activity:  the  planetary
geomagnetic activity index Kp = 7; 2) with rapid changes intradaily 12-18° C and air temperature
day to day; 3) there were no significant fluctuations of geomagnetic and meteorological parameters.
The  mean  values  of  RR-intervals  in  disturbed  periods  significantly  shorter  than  in  quiet.
Constructing linear trend, reflecting the dependence of duration RR-intervals on the value of diurnal



fluctuations in air temperature, revealed a threshold temperature drop (8° C) above which causes a
significant increase in heart rate. The dynamics of values averaged over the measurement day stress
index (SI), which reflects the degree of centralization of heart rhythm management. If the magnetic
disturbances  caused an increasing trend SI,  the  diurnal  temperature swings led to  a  significant
increase in this index. Comparative analysis of HRV parameters in groups of healthy young men -
Yakut in different seasons revealed highly sensitive parameters of cardiac rhythm: RMSSD, HF-
and LF power spectrum. These indicators characterize the features of the autonomic regulation of
the heart of the seasonal variations of meteorological factors in the conditions of extreme climate of
Yakutia. Effects of extreme ecological factors of the North - the disturbed magnetic field, sudden air
temperature changes cause activation of the sympathetic component of the autonomic regulation of
the heart in young men, Yakuts, as evidenced by a significant increase in heart rate and stress index.

Mathematical models of the lightning induced voltages in a transmission line on
permafrost
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This  report  presents  new mathematical  models  of  an  electrostatic  component  of  the  lightning
induced voltage, called current and voltage wave (CVW), in a transmission line of limited length in
the conditions of permafrost. Mathematical models are reduced to the solution of initial boundary
value problems for a system of telegraph equations. Models are realized numerically, when the line
ends  are  grounded  through  the  lumped  resistance,  coordinated  with  the  line  characteristic
impedance. The presence of permafrost is simulated either by a special kind of initial conditions or
by a  special  kind of right-hand side  of the  inhomogeneous system of telegraph equations.  The
numerical  implementation  of  the  models  shows that  an  increase  of  permafrost  thickness  raises
CVW parameters. For real values of line and permafrost parameters the parameters of CVW in a
short transmission line can reach significant values.

Effect of space weather on a cardiovascular system condition of human during a
phase of minimum and maximum of the 11-year solar activity cycle
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Within the framework of project a biophysical monitoring experiment for the purpose to study the
effect of environment factors (solar activity variations, magnetic storms, change of meteorological
parameters  etc.)  on  a  functional  condition  of  humans  is  carried  out.  To  control  a  functional
condition,  a  device  "Fazagrapf"  (an  express-  cardiograph  using  a  method  of  estimation  of  a
cardiovascular system condition of a human by a symmetry of T-wave) is used in the experiment. It
allows to obtain the information on a real cardiovascular system condition of a human directly. This
experiment is carried out on a group of volunteers from 2006 to 2015. The comparison of this
information with heliogeophysical parameters near the minimum and maximum of solar activity
will allow to understand the manifestation of space weather in a condition of the cardiovascular
system of a human being during various phases of the 11-year cycle more objectively.



Spatial and temporal distribution of lightning strikes over North Asia and their
comparison with variations of solar activity in 2009-2015
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During  2009-2015  over  territory  40-80  N  and  60-180  E,  the  variations  of  lightning  activity
presented by the lightning flash number obtained from World wide lightning location network and
corrected according to  spatial  network detection efficiency are analyzed.  The average  lightning
density map over 7 years was derived. Comparison of daily variations of lightning strike number,
solar radio flux 10.7 cm and Ap-index showed no correlation: the coefficient of linear correlation is
below 0.3 during whole time period and every season. However, there are similar increasing linear
trends in lightning strike number and solar activity (rising branch of 24th solar cycle) time series.
Correlation  was  not  found through  shifting  the  time  series  of  strike  number  by  2  years.  Map
(0.25x0.25 degrees) of spatial  correlation between strike number and solar flux 10.7 cm shows
irregular spatial distribution of linear coefficient over considered area; its value does not exceed
0.27. While solar activity (rising branch of 24th solar cycle) and lightning activity were increasing
there was a rearrangement in spatial  lightning distribution between west and east  areas of high
lightning  activity.  In  addition,  there  was  an  increase  of  linear  trend  slope  in  mean  seasonal
longitudinal variations of lightning strike number during 2010-2013.

Investigation of the Relationship between Air Quality and Solar Activity

Chengming Tan1, Baoling Tan1

1Key Laboratory of Solar Activity, National Astronomical Observatories of Chinese Academy of
Sciences, Datun Road A20, Chaoyang District, Beijing 100012, China

E-mail: tanchm@nao.cas.cn

The relationship between air quality of several Chinese cities and solar activity was studied. It is
quite certain that the solar activity take impact on the air quality, though the impact is not strong and
not the only one.  The air quality was influenced by the total solar irradiance at the earth. The total
solar irradiance at the earth was varied during the solar cycle. The study also find that the air quality
on the earth was varied during the solar cycle.

Ionospheric Response to Earthquakes According to Observations of
Thunderstorm Signals Variations
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Searching for earthquake precursors (EQ) is conducted in many directions. At present many
works describing the lithosphere-ionosphere relation have been presented. Many authors in their
investigations  used  satellite  data.  Also  for  the  remote  monitoring  of  the  lower  ionosphere
disturbances caused by the impact of seismic processes, very low-frequency signals (VLF) of radio
stations are used. The change of electron density profile and the height of the lower ionosphere
should be manifested in variations of amplitude and phase of the signals propagating through the
region over the EQ epicenters. A sufficiently great number of works has shown that phase variation
of  low-frequency  signals  of  transmitters  observed  a  few  days  before  the  earthquake  may  be

http://www.ngdc.noaa.gov/stp/solar/solarirrad.html#composite
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considered  as  precursors  of  EQ.  However,  it  is  not  always  possible  to  choose  the  necessary
propagation path of radio signals.

We  proposed  to  use  the  natural  radio  emission  -  lightning  electromagnetic  signals
(atmospherics) as a modification of this method of monitoring of the seismic disturbances in the
lower ionosphere. The modified method allows to conduct the azimuthal scanning of disturbance
areas from one receiving point. The effects of EQ and their precursors are manifested in the form of
increase of the average amplitude of atmospherics. For more confident selection of precursors, the
time intervals are selected not less than 10 days after the disturbance (EQ) in the chosen azimuthal
direction.

Differences in cardiogram changes for arctic and mid-latitude zone inhabitants
during geomagnetic storms 
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The analysis of changes in parameters characterizing a state of human cardiovascular system
– a symmetry coefficient of a T-wave of the electrocardiogram (parameter T) – for the inhabitants of
Tixie and Yakutsk during geomagnetic storms was fulfilled. It is shown that the growth of parameter
T  for  Arctic  zone  inhabitants  often  observed  two  days  before  the  beginning  of  a  storm,  but
maximum values of the parameter achieved the second or third day after the beginning of a storm –
at the recovery phase. For the mid-latitude city inhabitants (Yakutsk) the increase of parameter T
two  days  before  the  beginning  of  the  storm  is  shown  not  always,  but  more  clearly  appears
maximum in the first day, i.e. during main phase of a storm.

Effects of geomagnetic storms on human's physiological parameters
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The  main  purpose  of  this  paper  was  to  identify  changes  in  the  state  of  human’s
psycho-physiological parameters for inhabitants of sub-auroral region in winter under the influence
of geomagnetic storm. A longitudinal study of the level of anxiety, emotional stress, speed of simple
visual-motor response and autonomic regulation of the human body functions in Yakutsk at quiet
geomagnetic  conditions  and during  the  main  phase  of  moderate  geomagnetic  storm (GMB) in
December  23,  2014.  Volunteers  was  male  students  of  Medical  Institute  of  NEFU  of  native
nationality (n = 18) with good health ages 19,92 ± 2,23 years. The results indicate that with the
beginning of geomagnetic storm occurs a significant increase in the percentage of individuals with
high levels of emotional stress: from 33% in quiet conditions to 50% and 72,5% in the beginning
and main phase of the storm. During geomagnetic storm there were marked decrease in the rate of
simple mental reactions, adaptation of resources and stress the body of the volunteers.



Dependence of cardiovascular disease from heliophysical factors
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Living organisms on the Earth are under the constant influence of factors of environment. These are
widely  known meteorological  factors  and less  known factors  of  electromagnetic  nature  whose
influence is not perceptible up to the moment when their intensity does not exceed the definite
threshold value at which the irreversible changes can occur in a living organism. The change of
factors  of  electromagnetic  nature  is  formed,  above  all,  under  the  influence  of  the  Sun on the
magnetic field, gas blanket and the Earth crust. Because of the topology of the magnetic shell of the
Earth,  changes  of  these  factors  heliogeophysical,  have  the  most  value  at  high  latitudes.  So
investigation of a space weather influence on cardiovascular diseases have been carried out by data
obtaining in  Yakutsk,  which is  located  in  the  near-polar  region of  Russia.  Parameters  of  solar
activity  (i.e.  electromagnetic  waves of X-ray,  ultraviolet  and radio  ranges;  charged high-energy
particles),  solar  wing (speed  and density),  interplanetary  magnetic  field  (components  and total
vector) and geophysical activity (magnetic disturbance and riometer absorption) have been used as
space  weather  factors.  In  order  to  separate  the  influence  of  space  weather  from influence  of
near-ground  weather  the  daily  meteorological  data  (pressure,  temperature,  humidity  and  wind
speed) have been used. The index of exacerbation of cardiovascular diseases is the number of calls
for emergency medical care of the Yakutsk city. 
It has been found that at moment of disturbances on the Sun characterized by the increased intensity
of electromagnetic radiation the increased applying to the emergency medical care on the occasion
of  cardiovascular  diseases.  Besides  that  it  has  been  found  that  the  increased  applying  to  the
emergency medical care on the occasion of cardiovascular diseases coinciding with the increase of
ground pressure is observed in 2-4 days after the onset of intense geophysical disturbance occurring
because of the arrival in the Earth of the low-energy plasma from the solar disturbance. It is known
from scientific publication that in 2-4 days after a geophysical disturbance the changes of baric field
of the troposphere takes place that leads to its instability, breakdowns of the atmosphere circulation,
development  of  anomalous  phenomena in  the  lower  Earth’s  atmosphere.  So  it  is  possible  that
coincidence of values of the near-ground pressure with the  maximum values of the number of
people applied to the emergency medical care is not casual.

Influences of geomagnetic disturbances on the human health in the North
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Geomagnetic  disturbances cause  stress  reaction even in  healthy  people.  Many researchers  note
influence of space factors, not only on cardiovascular and vegetative nervous system, but also on
dynamics of psycho-emotional indicators of the person. The North always differed in extreme at the
expense  of  the  geographical,  climatic  and  meteorological  factors.  Besides,  factors  of  the
electromagnetic nature, the so-called helio-geophysical, interfering in the atmosphere of northern
territories corpuscular streams of various nature and different intensity belong to features, specific
to high latitudes. At the medical institute NEFU research of psycho-emotional characteristics and
heart indicators of the person at adaptation to conditions of Yakutia is conducted.  Research has
begun in 2007 when solar activity was very low. Geomagnetic activity had accurate rhythmic, and,



according to  data,  geomagnetic  disturbances  were  mainly  recurrent.  The  regression  analysis  of
communication of personal and psychological qualities with values of the general power of a range,
it  is  low -  and high-frequency waves of HR revealed a  tendency to prevalence of an adaptive
resource of heart  regulation at  people with the average  level of the introversion, with personal
uneasiness  indicators  corresponding  to  transition  from  moderated  to  high  degree  and  also  at
surveyed with the average level of a neyrotizm. It  is considered that  helio-meteoreactions of a
human body are characterized by smaller plasticity at persons with stable types of reactivity and it is
shown, in particular, increase of sympathetic activity when strengthening geomagnetic activity and
speed of wind.
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