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ABSTRACT

Russian Space Weather Initiatives (RSWI) supporfferdint models for space weather forecasting
(http://alpha.npi.msu.su/RSWI/rswi.html). The madeive the long-time (months-years) and short-tijuiays)
predictions of the solar activity, heliospheric diions, and dynamics of the Earth's magnetic faeld radiation.
Many different parameters measured from the SuthéoEarth's magnetosphere are used as inputs tEptee
weather models. The paper is devoted to a shorvieve of these models.

INTRODUCTION

Russian space weather initiatives (RSWI) beganatjoer one year ago (Avdyushat al, 1999). RSWI cover
many topics from solar activity via interplanetazgnditions to the magnetosphere and near Eartblati@n
dynamics. Many scientific groups in Russia haveaesh different features of the space weather gurim past
decades. The wide network of ground based stapenorms the measurements of the Earth's magnetit f
(magnetometers), solar radio emissions (radiodefess) and cosmic ray fluxes (neutron monitorsg ¢bmplex
program of near Earth satellite experiments proslutsitu information about the magnetosphere hedddiation
environment, plasma characteristics, solar wind emerplanetary magnetic field (IMF). This informat is
ultimately important for diagnostics of the inteaapetary medium and Earth's magnetosphere conditiasy
theoretical and empirical models developed by Rwumssicientists are used for description and predictf
different types of phenomena in the solar-terralstonnection. These resources are combined oR3W| web-
site http://alpha.npi.msu.su/RSWI/rswi.htrak the list of the links which reflect the maimedtions of the space
weather diagnostics and forecasting: the Sun, solama, heliosphere, magnetosphere, near Eaatfiation and
space weather prediction.

Several groups took part in the SCOSTEP S-RAMP &paleather Month Campaign, September 1999.
Experimental data and models are collected on-line at www-page
http://decl.npi.msu.su/~dalex/events/iswmc/septB®.Moreover three outstanding space weather stom#sail
4-8, May 20-26 and June 6-8 were studied in detsiihg various data and models by different RSWiugso
(http://decl.npi.msu.su/~dalex/events/events hirhese examples demonstrate the possibility férént RSWI
groups for fast on-line presentation of their stifeanresults in Internet. The paper is devoteé tescription of the
resources located in the RSWI web-site and assaciatth searching for the most important experiraeand
model parameters that have to be used for spadbevediagnostics and forecasting.




SPACE WEATHER DIAGNOSTICS
The diagnostics of the space weather is based dim@mformation both from active experiments @et®d
in real time and from experimental databases. Cosgraanalysis of the current observations withvigngs ones
permits the classification of the current spacetheraconditions and an estimate their possiblauérfte on the
Earth's magnetosphere and near Earth radiatiotheSdiagnostics are a main part of the space wetttexasting.
Sun ObservationdZMIRAN Solar Radio Laboratory (LaRS) supporte #olar radio patrol by means of 169
MHz, 204 MHz, 3000 MHz radiometers and 45 -,
270 MHz digital spectrograph 25}
(http://helios.izmiran.troitsk.ru/lars/LARS.htjnl
Irkutsk Radioastrophysical Observatory (ISTP SD*" &
RAS) presents on-line information about opticalgo_ﬁ
and radio observations of the Sun =
(ftp://ssrt.iszf.irk.ru/pub/dajaand bursts of solar g,
emission at 5.7GHz
(http://rao.iszf.irk.ru/bursts/stat.htjnl Radio  270-
observations provide important information about_
solar radio bursts (Figure 1) that is often asdedia
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Fig. 1. An example of the Il Type solar radio bursMay

(CME).

Galactic cosmic ray observationsare
presented by the net of several Russian neutron
monitors: in Moscow (IZMIRAN
http://helios.izmiran.rssi.ru/cosray/main.htm
highest time resolution (10s) monitor in Apatity L EEEEEE
(PGl http://pgi.kolasc.net.ru/CosmicRayl akutsk O O O T
and Tixie (IKFIA http://teor.ysn.ru/rswi/graph-
GIF.html). Experimental data about cosmic ray .. s
variations are loaded into data bases presented on-_,,,
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18—NM—84, Lomnicky Stit

line on Web-pages @ _.|
http://helios.izmiran.rssi.ru/cosray/main.htm i ‘ EERN
(Moscow) g | 16-NU-64, Yokuisk
http://pgi.kolasc.net.ru/CosmicRay/form.htm E “es

(Apatity) and http://teor.ysn.ru/imf/neutron.htm =
(Yakutsk and Tixie Bay). Monitoring of GCR R S O W o
variations and scintillation is used for short time g
(days) prediction (Figure 2) of IMF disturbance
(Kozlov et al, 1999; Kozlov 1999)
(http://teor.ysn.ru/rswi/graph-GIF.html GCR Fig. 2. GCR intensity variations (two lower panedsjd
scintillation is associated with IMF distortion oncosmic ray scintillation index (upper panel) in M2§00
the shock boundaries therefore observations of th{gee http://teor.ysn.ru/rswi/).
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GCR oscillation permits the discovery of an
interplanetary shock when it is still far from the Costic iy Stalon Moscon CF Aciy Inoes) /1720030501 AW UT
Earth. For quantitative description of GCR ]
variations the hourly index of cosmic ray activity
"CR Activity Index" has been introduced (Belov
et al, 1999a,b). The simplified version of this =]
index is presented in real time :
(http://helios.izmiran.rssi.ru/cosray/indices.htm

This index (Figure 3) is developed directly for the
purposes of diagnostic and forecasting of «]
interplanetary perturbations and consequent ‘ il
geomagnetic dynamics. GCR variations are very » # = # = @ 1 5 5 73

sensitive for the global condition in the inner and_ _ Mwem_u S— _
outer heliosphere that is problematically':'g- 3. Dynamics of the cosmic ray activity index May
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missions. Fast and deep CGR intensity decreasebu$io effects) are directly associated with CMEihé@zg to
the Earth. Therefore GCR variations may be sucekgsised for diagnostic and short time predictmnarge-
scale disturbances (including CME and CIR) in thkdsphere.

Earth's magnetic field variations data are
coming in real time from Moscow (IZMIRAN
http://helios.izmiran.troitsk.ru/cosray/magnet.htm
and Irkutsk (ISTP &,
http://cgm.iszf.irk.ru/magnet2.hjimThe databases of ..
the geomagnetic variations are presented on the weh..
pages
http://www.izmiran.rssi.ru/magnetism/mos_data.htm? *
ftp://vodin.izmiran.rssi.ru/start.ntm  (IZMIRAN), :
http://pgi.kolasc.net.ru/Lovozero/ (PGI), : |
http://cgm.iszt.irk.ru/outmag(ISTP). The data from ==
the net of Russian geomagnetic observatories ate: d —+
combined on CD-ROM database on ftp-servet « "!‘ b
ftp://vodin.izmiran.rssi.ru/start.htm The local K- ¢
indexes of the geomagnetic activity (Figure 4) are*-
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calculated and presented on-line on g e -
http://cgm.iszf.irk.ru/magnet2.htm 24.05.00 L “‘jii;ﬁ,iﬁ" B Lkgg 05 00
http://charlamp.izmiran.rssi.ru(3 hour indexes in A L AL N A S L B
Irkutsk and Moscow respectively). These indexes *
permit to estimate current geomagnetic activitthat  ~ .
middle geomagnetic latitudes. The other on-lind rea -
time geomagnetic PC index is calculated with 1-ming =
resolution via polar cap magnetic field observation
(http://www.aari.nw.ru/clgmi/geophys/pc_Data -
Intermagnet.html Due to specific observational
location the PC index is equivalent directly to thet .
energy input from the solar wind to the Earth's™ -.
magnetosphere (Figure 5).
Near Earth's radiations observed in the space g +
experiments on satellites. The most important® «
parameters for the space weather are fluxes of the ®» =¥ X0 Ge 12l 1w amn s ne

Cpeta U™

penetrating radiation (mainly high-energy ions whic Fig 4 Geomagnetic field variation and local K-irde

include the most part of the radiation dose) angdynamics in May 2000 (http://www.izmiran.rssi.r
relativistic electrons which produce the internal

charge of the satellite. RSWI web-site reflects two Polar Cap (PC) Index ~ VOSTOK  www.aari.nw.ru
main on-line databases of Russian spact’
experiments. IKI Data Archive
(http://www.iki.rssi.ru/da.html contains information
about radiation environment from space experiments
Prognoz-7, Prognoz-8, Prognoz-9, Prognoz-10,
Arcad, Active, Apex, Gamma and Interball. The
experimental information includes also the data |
about x-rays, gamma-rays, plasma properties and
magnetic field in the Earth's magnetosphere and in [
the near Earth's interplanetary medium. Low alétud
space radiation environment data base (LASRE) by
SINP MSU 6.0 6.5 7.0 7.5 8.0
(http://decl.npi.msu.su/english/data/lasre/indexthtm April, 2000 _

contains the information about energetic electron§9- 5- An example of dynamics of the PC-indexiaf t
(E>40 keV) and protons (E>0.5 MeV) observed opolar geomagnetic activity (http://www.aari.nw.r

the near Earth's satellites Intercosmos-19, Cosii8s; CORONAS-I and MIR station at altitudes ldsmnt 1000
km during the period from 1979 to present. Theeeftre LASRE data base permits the study of neathEar
radiation dynamics during at least two solar cyclHse real time data about penetrated radiation gardma-

DOYMAMIC SPECTRA of Magnetic Uariations in MOS—obserwatory on 00-05-23 - 00-05.25
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radiation observed in the "Riabina" experiment (irég Riabina (MIR), May 26, 2000 <40-60-90 130190 280 400 600 5900 1=

80

6) permanently operated since autumn of 1990 T e e i o I
onboard MIR station is available on web-page ,, = esomererom = 2 \\ Z
http://decl.npi.msu.su/~rtmir/ g _— P
: -180 120 -GOLon ((Jdeg)GO . (:jOMe;II 80

NOWCASTING AND FORECASTING MODELS - 05 E

RSWI web-site gives details of both long-termg ... -
and short term forecasting of the space weatherteve £ ¢ 04 4/
Long term forecasting (months - years) is based o . / AT
empirical models of averaged values of different " )
physical parameter depending on solar activity.rSho «f ' M
term forecasting (hours - days) is produced by mean N T

of dynamical empirical model applications to the 3_;-'32'4_'0'472'4;'4_'6'4_3 el e
current situation determined from the diagnostithef uT (h) L-shell
space weather conditions.

The long-term forecastingnodels of the key
space weather characteristics - solar activity and. i
associated heliospheric and relativistic cosmic ray'9- 6. An example of the penetrated radiation
dynamics - have been developed. Solar cycl easurements onboard MIR station (Riabina expetimen
parameters are modelled and predicted on the ase o 200
the artificial neural network (ANN) technique inNg?
MSU
(http://decl.npi.msu.su/~dalex/events/iswmc/sept99.
htm Veselovskyet al, 1999). The solar activity model
(Figure 7) permits the prediction of monthly dynasni = 100
of yearly means sunspot numbéf and solar radio
flux F10.7 during the current XXIII solar cycle (up to
2005). The ANN model shows that current cycle will 50
be similar to XX solar cycle with maximum in the
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autumn-winter 1999 and peak mean val¥e110. i \\‘,/;
Next solar minimum is expected between 2006-2008. ol &" 1 v 1 v v v 0 108 1 0 1100
The long-time forecasting of monthly mean solardvin 1985 1990 \%?:‘r 2000 20¢

plasma velocity and density and interplanetar
magnetic field for period from October 1999 to Jun
2000 support the conclusion about the similarityhef
XX and XXIlI solar cycles.

The model of the near Earth's radiation has toritesthe dynamics of three main kinds of radiatigalactic
cosmic rays (GCR), solar cosmic rays (SCR) andpedpadiation. The SINP MSU dynamical model of G€R
is accessible on web-pad#tp://www.npi.msu.su/gcrf/form.htmlThe GCR model allow the calculation of
differential flux of different nuclear types (frohh to U) for definite parameters of the near Eartipace mission
orbit (Inclination, Perigee, Apogee, Right Ascensid perigee) as a function of solar activiy)(and geomagnetic
conditions Kp-index). Probabilistic model of SCR (SINP MSitkp://www.npi.msu.su/scrf/form.htongives the
size of the solar particles fluences and peak fukat are expected within a given probabilitybéoexceeded at a
given solar activity level within a given time imkal. The improved radiation model based on infdiamasystem
SEREIS fittp://decl.npi.msu.su/~Vvib/SERE)$¢ able to describe smoothed variations of ernergarticles in the
magnetosphere associated with local time, seasmdadolar cycle variations.

Short-time forecastingf the large solar flare and solar geo-effectivergs (large flare, filament ejection and
coronal holes) impacting on the geomagnetic andatiad condition have been developed by V. Ishkov
(IZMIRAN http:\\izmiran.rssi.ru\space\solar\forecast.htrahd updated weekly. Short-term large flare event
forecasting is presently based on observation byptbcess of new magnetic flux emergencies, itdudoea: the
magnitude and rate of emergence, its localisatimhiateraction with already existing magnetic feelaf the active
region or outside of it. Taking into account phgsiand geometrical parameters of the flare itsetf the active
region makes it possible to predict space weath@rameters of the solar proton events, the chaistate of
geomagnetic activity and other. The method has emsfally tested on Russian scientific satelliteshsas
GRANAT, GAMMA, and CORONAS-I. Computer version dfi¢ forecast technique has been developed on the
base of real-time solar data (Ishkov 1998; 1999).

%éig. 7. Solar activity (Wolf numbew) forecasting on
%999-2005) (reprinted from (Veselovs&yal, 1999).




The IMF sector structure iS CONtINUOUSIY®1s1a151211105 8 2 5 4 5 2 1 319029 20 27 26 25 24 20 22 21 20
restored in the form of the map of the source serfa 8 o0
according to original programs of A. Kharshiladze a
(1994), see pagewww.geocities.com/romashets/ “%
(Figure 8). The model uses current on-line
experimental information about solar and
interplanetary magnetic field measurements. IMF |
sector structure (especially sector boundary looti o
is extremely important for description of a struetu
of the heliospheric current sheet and coronal holeSs™ = = 55 135 0 0 =i =30 =70 s00 30 =60
(associated with formation of the geoeffective fhere'saronToteis oi%; -
corotation interaction region) and for estimatidn 0 £iarted’S: the rasuis, nSe RoiRe 0Rid St o850 FaliT™

he radius of the inner sphere 1.00.

the SCR and GCR propagation conditions. Fig. 8. Sector of space magnetoplasma dynamicsaipn M
3D model of the Earth dayside magnetopausgo0o (see http://www.geocities.com/romashets/)

(Flgure 9) IS acceSSIbIe On-line on Web-page ARTIFICIAL NEURAL NETWORK 3D MODEL of the EARTH's MAGNETOPAUSE
http://decl.npi.msu.su/~alla/mmp3d/ The model . A- Dmitricy § A- Suvorova (SINP MSU) __ bpyider].uplmen sw-all
permits to calculate 3D shape and size of the daysi = | - T
magnetosphere boundary in dependence on the solar:|
wind dynamic pressure and IMRB, and B, |
components. As shown in (Dmitriev and Suvorova, ==}
2000) the magnetopause shape and size dependence ]

on By is significant especially under disturbed ol
condition so neglecting of the IMB, may lead to =

7 30%-
5

low accuracy calculation of the dayside Emg
magnetosphere properties such as boundary of the
trapped radiation region. ;
The short-term prediction of the lowest L-shell ==
position of maximum of storm-injected relativistic =”|
electrons of outer radiation belt,(,) in dependence = : !

on the maximabDstvariation of the storm [istma) Fig. 9. Da simégemma netz; ause cro;GjiZeé:ions cula
is defined by a model of Tverskaya (Tverskaya 9. 9. bay 9 P

1986): |DSt|maX—2-75*1d/L4max- The dependencef om MPANN code (decl.npi.msu.su/~alla/mmp3d/)

permits the prediction of extreme storm-time ACE, Forecast and Dst
location of some very important magnetospheric LTI A L A L
plasma domains such as the extreme latitude of west g,
electrojet center during a storm, boundary of @iter
auroral forms, trapped radiation boundary and =
intensity maximum of symmetrised storm-time ring o

on the Source Surface.
10, 20 MICROTESLA.
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The short-time (~1 hour) prediction of tHest T
variation (Figure 10) is provided by the Space v 0 .« . ol e } 7
Research Institute using ACE data from s il R

400

NQAA/SEC. Real_—time Solar Wind_and_IMF data_ are Gap ll.l'lmmmmm. m
shifted by the est'|mated propagation time, progdin - [ --

along with theDstindex computation with the use of
Burton expression, the electromagnetic energy input >*°™ _,

? T T | T T ‘ T T | T f I T T | T T [ J T é

in the magnetosphere is estimated. It is used @s th ok 3
qualitative proxy of the substorm and storm % 2E 3
geomagnetic activity. Results are presented in ZIeE: | 1 | | | & E
—-20E N 1 3

graphical form at http://www.iki.rssi.ru/apetruko/
forecast/forecast.html. An extension of the site is
underway to provide automatic real-time e-malil Hours: ielotive-1o W TIT-Jun-2000 G820 LT

alerts estimates of polar cap and auroral ovaviagti  Fig. 10. The short-time (~1 hour) prediction of Dt
variation using ACE solar wind and IMF data from

NOAA/SEC (see http://www.iki.rssi.ru/apetruko/
forecast/forecast.html)
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DISCUSSION AND CONCLUSIONS

There are many different parameters used for theespreather diagnostics and forecasting. In therpap
describe the most important of them: magnetic fluxhe active region on the Sun; type of the sohatio
spectrum; Wolf number and solar radio flux F10.deix; indexes of the cosmic ray scintillation andro@ ray
activity; solar wind pressure and the INB: andB, components; indexes of geomagnetic actildipy Dst andPC;
penetrated radiation fluxes. Some of the parametensbe obtained on-line and frequently in realetifrom
Russian monitoring measurements: solar radio gpacttosmic ray indexe&p, PC, radiation fluxes. The others
(for exampleDst-index) can be estimated indirectly via measuremehthe solar wind plasma and IMF. But some
parameters are not measured in Russia. In thigtsituthe problem of estimation of the space wegtheameter
importance is significant. The importance of theapaeter is determined on the one hand by its piigsitp
describe one of the space weather properties antherother hand by convenience of the measurement o
calculation of this parameter. Such important pa&tans as solar radio and electromagnetic emissaar activity
and geomagnetic indexes need patrol measurememteays of a world-wide network of modern detectdise
other space weather parameters (for example casgiodexes and heliospheric parameters) may beuned by
means of single detector or by a small net of dets¢hat is simpler and sometimes cheaper. Bestimation of
the parameter importance is necessary for developofieeliable space weather models.

Finally we can conclude that at present time wearex way to understanding of what parameter and fo
which purpose has to be applied to describe origirede or other space weather event in the nedgh'Eapace
and on the ground. The comparison of different patars will be next step for estimation of theipahility to
adequately describe current or future space weaitugtion.
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