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Abstract. IZMIRAN was founded about 65 years ago with
one of the goals of carrying out geomagnetic prognoses.
More or less, this activity has been developed during its en-
tire history, but about 6 years ago this aim became suffi-
ciently feasible due to the organization of the Forecasting
Center of helio-geo-physical conditions. This Center ap-
peared in response to new technologies, numerous new data
available and new social demand. The Center uses the ex-
tended experimental basis of IZMIRAN and all available In-
ternet sources. Its main tasks consist of continuous monitor-
ing of the processes at the Sun and in the near-Earth environ-
ment, development of different kinds of prognoses and deliv-
ering them to users. The main product is a short-term (1–6
days) prognosis of geomagnetic activity (mainly dailyAp-
index and maximumKp-index), a long-term (from weeks
to years) prognosis and detailed forecasting on the special
fixed dates. Among its consumers it is worth mentioning
the Russian Space Agency, the Russian Ministry of Civil
Defense, Emergencies and Disaster Relief, railway depart-
ments, a number of medical institutions, and mass media. In
this work we discuss some activities of the Center, along with
presenting several examples of the real influence of geomag-
netic disturbances on different sides of human activity. Our
six years of experience show a growing interest in prognoses
of this type and this tendency seems to be retained.

Keywords. Magnetospheric physics (Solar wind-
magnetosphere interactions, Storms and substorms) –
Solar physics, astrophysics, and astronomy (Flares and mass
ejections)

1 Introduction

Sun is the source of the life at the Earth, and at the same
time it exposes this life to hard tests. Prodigious energy
about 1023 kW partly reaches the Earth either as a radiation
within the widest frequency range or as fluxes of charged par-
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ticles. The whole complex of the solar phenomena and their
manifestation at and near the Earth, the so-called “Space
Weather”, essentially effects different sides of the human
vital activity (Feynman and Gabriel, 2000; Baker, 2004;
Brekke, 2004; Watermann and references there, 2004).

It has already been mentioned in many references that
strong space weather variations can influence various tech-
nical systems of the spacecraft and ground level devices. In
particular, it may result in:

– Anomalies and catastrophic failures in the operating of
ground level, avionic and space technique (Allen and
Wilkinson, 1993; Belov et al., 2004; Iucci et al., 2005);

– Breaks in the long distance communication and in the
navigation systems working both on the short waves and
on significantly higher frequencies (Lanzerotti, 2001);

– Increase of the radiation hazard for the cosmonauts and
passengers of civil aviation;

– Changes in the satellite static charge;

– Heating of the upper atmosphere and consequent strong
changes in the atmospheric density profile that cause the
loss of orientation of the spacecraft and involuntary de-
parture from the orbit;

– Inducing strong telluric currents resulting in the failure
of the long electric lines and the breakdown of gas and
oil pipelines due to increasing corrosion and anoma-
lies in the system of anodic defense (Campbell, 1980;
Boteler, 2000; 2003; Pirjola et al., 2000; Watermann,
2004);

– False functioning of the automatic and light-line sys-
tems on the railways (Oraevsky et al., 2003a).

Space weather also exerts influence directly on people’s
health:

– It deteriorates the total feeling of healthy people and en-
hances pathology of the chronic clients, in conjuntion
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with vascular desease (Dmitrieva et al., 2000; Gurfinkel
et al., 2003);

– Increase in a number of psychology disorders, as well
as changes in the reaction speed and probability of in-
adequate solutions, suggestive of an effect of the weak
magnetic field on biological systems (see Aksyonov et
al., 2001; Bingi and Savin, 2003).

Until now, the space weather influence on the climate vari-
ability and its potentially catastrophic manifestation has not
been sufficiently studied yet. It is difficult to estimate this in-
fluence quantitatively. In any case it seems more reasonable
to try to somehow prevent the effects of space weather than
to struggle with its consequences.

It turns out that in Russia the easy-access sources of space
weather information have been absent for a long time. Due
to scientific passivity, the mass media were filled with pseu-
doscientific information and geomagnetic prognoses, at best
of astrological origin that led to the faked psychological -
“space weather” effect on the population. Thus, the true
and timely information on heliophysical conditions became
of keen necessity for the society.

Considering the above-mentioned requirements, an oper-
ative Center of Forecasting of geophysical conditions was
created at IZMIRAN. This allowed for the special possibili-
ties and advantages of IZMIRAN as a scientific institute with
more than 60 years of experience to be realized and utilized.
A problem of solar-terrestrial relations is being studied at
IZMIRAN comprehensively and from all possible aspects,
due to the specialized theoretical scientific content and es-
sential experimental base. The staff of the Center consists
of the experts from various fields: solar physics, interplan-
etary physics, magnetosphere, ionosphere and cosmic ray
physics. Such a group is able to comprehend most of the
space weather data, to estimate operatively the situation at
hand and to substantiate a tendency of the space weather evo-
lution (Belov et al., 2004; Panasuyk et al., 2004).

The Center poses the following problem to be solved:

– Monitoring of the processes occurring at the Sun, in
the interplanetary and near-Earth space by means of all
available data sources and measurements;

– Continuous analysis of the helio-geophysical situation
with account of the current information, pre-history and
potential tendency for further evolution;

– Producing the different warning geomagnetic prognoses
(nowcasting, short-time, mean time and long-term prog-
nosis) and documents. Delivering them to users;

– Communication and collaboration with partners;

– Improving the forecasting methods with modern scien-
tific approach.

2 Data and methods

There are two key statements in the basis of the geomagnetic
prognosis:

1. Geomagnetic storms are created at the Sun;

2. Two main sources of the geomagnetic storms are coro-
nal holes and coronal mass ejections (CME).

The prognoses of the IZMIRAN Center are mainly based
upon the same sets of observations and operative data, which
are used in all other space weather centers, in particular:

– Pictures and movies of the Sun within the optical, ultra-
violet and X-ray ranges inform us about a position and
evolution of the coronal holes, about evolution of the
active regions and appearance of the new one, about fil-
ament activity, and eruptive and post eruptive phenom-
ena;

– Changes in the photosphere magnetic fields provide the
information on the development of the active complexes
at the Sun and allow for the magnetic field distribution
to be calculated on the solar wind source surface and in
the interplanetary space;

– Solar radio burst measurements provide information
about active processes at the Sun (coronal mass
ejections-CME, shocks, acceleration of the charged par-
ticles);

– Data on the X-ray, gamma-ray, solar cosmic ray mea-
surements (satellite and ground level observations) give
the first evidences of the powerful energy release at the
Sun;

– Pictures and movies from the satellite coronographs
give the most direct information on the solar ejec-
tions. Unfortunately, ejecta, coming directly towards
the Earth, are seen in these pictures much worse than
ejecta passing by the Earth.

– Data of helio-seismology allow for an indirect estima-
tion of the stage and speed of the evolution of the active
regions at the invisible portion of the solar disk;

– Variations of the interplanetary plasma velocity, density
and temperature reflect dynamic features of the near-
Earth solar wind, which directly influences the magne-
tosphere;

– Variations of the interplanetary magnetic field (IMF) in-
tensity B and its three components,Ap, By , Bz, are
used for the shortest time prognosis. The space appa-
ratus located between the Sun and Earth near the libra-
tion’s point, record disturbances originating from the
Sun 20–60 min prior to when they start to impact the
Earth’s magnetosphere. On this basis it is possible to
provide a rather reliable short time prognosis, or a well
substantiated alert, just before the geomagnetic storm
commencement;
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– Cosmic ray variations of the solar, interplanetary and
galactic origin measured on-board satellites and by the
ground level neutron monitor network are used to define
the onset of proton events, and Forbush effects usually
associated with the geomagnetic storm. At present, data
from about 25 ground level cosmic ray stations are ac-
cessible in a real-time regime;

– Variations of the geomagnetic field are available in real
time from the measurements at more than 30 ground
level stations distributed over the Earth. One of them is
the IZMIRAN magnetic observatory;

– Variations of the geomagnetic field by the spacecraft
measurements and associated changes in the electron
fluxes inside the magnetosphere.

– Ionospheric data

Despite that the prognoses in our Center are guided by the
same data as those in the other centers, substantial peculiari-
ties exist in the IZMIRAN approach and methods, due to the
long experience in the study of the solar-terrestrial relations.

3 Our production and users

The activity of the IZMIRAN Forecasting Center is intended
to elaborate on the following kinds of prognoses:

– Short-term (1–6 days) forecasting of geomagnetic activ-
ity;

– Daily meanAp-index for the next 1–6 days;

– Long-term prognosis (4–45 days and more);

– Probability of the maximumKp-index for the next 1–6
days;

– Prognosis for the fixed days by special request;

– Detailed information and analytical overview of the so-
lar and geomagnetic activity for the past month and pre-
liminary prognosis for the next one.

Short-term prognoses are formed several times per day; ev-
ery day throughout a week they are given out and delivered
by various types of contact with the interested organizations.
Reliable contacts are formed with the Russian Space Agency
(the Exploitation Center of the objects of ground space in-
frastructure, the Mission Control Center - MCC, Baykanur
and Plesetsk Kosmodroms) and with the Russian Ministry of
Civil Defense, Emergencies and Disaster Relief.

In order to sustain this collaboration, our Center launched
the program of forming detailed databases on various ex-
treme situations of natural and technogenic origin. Now
our Center provides information for the Russian spacecraft
launches and further exploitation of the space objects by op-
erative prognoses. Due to this information on large geomag-
netic storms, often it turned out to be possible to retain space

objects in orbit, for example, as in the case of the “OCEAN-
O” satellite. The Center also operatively collaborated with
the staff of the MCC during the final stage of the orbital com-
plex “MIR” landing.

Apart from this, our prognoses are delivered to the Russian
Academy of Sciences, the Institute of Medical-Biological
problems, was well as to a number of various medical cen-
ters and hospitals (Oraevsky et al., 2002; 2003b). Every day,
the information on space weather is forwarded to different
mass media (radio, TV, newspapers). For the first time in the
world, an automatic system with a round-the-clock progno-
sis of the geophysical conditions is run in the from of a tele-
phone answering machine. In addition to the standard prog-
nosis, the current data on the geomagnetic disturbance and
meteorological parameters are reported to these telephone
callers, too.

There are several prognosis centers operating around the
world, but unfortunately the accuracy of these prognoses
is not so high yet. We analyzed data from different cen-
ters: SEC – Space Environment Center (NOAA, USA)
(http://sec.noaa.gov/today.html), IPS – Australian Space
Weather Agency (http://www.ips.gov.au/), SIDC–Solar In-
fluence Data Analysis Center- RWC Belgium (http://sidc.
oma.be/index.php3), and IZMIRAN Forecasting Center of
Geophysical Conditions, Russia (http://forecast.izmiran.rssi.
ru ) – abbreviations these centers are seen in Figs. 1a and b.

One can see from Fig. 1 that the probability of anAp-
index prognosis declines with the time of forecasting: it is
the best for a one-day prediction and becomes very low for
a three day prognosis. On the whole the correlation is not
high even for the first day, nevertheless, the prognosis’ qual-
ity has apparently increased during the last two years (plots
for 2003–2004).

4 Some applications

4.1 Overcoming of the extreme situation in the orbit

One of the space weather hazards for the low orbital satellites
is the strong variation in the upper atmosphere density profile
during the magnetic storm, leading to the abrupt braking of
the spacecraft and to the loss of orientation.

In particular, this problem arise from the first days after
the launch of the spacecraft “OCEAN-O”, which was de-
veloped for the purposes of remote scanning of the Earth
and world ocean in optical, infrared and microwave spectral
ranges. The standard way of remote control of the on-board
apparatus became unreliable during the extreme atmospheric
variations throughout the magnetic storms. To improve the
situation the solar battery configuration was reformed. This
was severely, checked during the large magnetic storm on
15–16 July 2000, the greatest one in the last 10 years. The
operative group of the Mission Control Center received in
time the IZMIRAN Center warning and after the storm on-
set began to cope with its consequences. During the time
of each connection (which lasted not longer than 12 min),

http://sec.noaa.gov/today.html
http://www.ips.gov.au/
http://sidc.oma.be/index.php3
http://sidc.oma.be/index.php3
http://forecast.izmiran.rssi.ru
http://forecast.izmiran.rssi.ru
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Fig. 1. Correlation coefficients between observed dailyAp-indices
and these forecasted by different Centers for 1, 2 and 3 days in ad-
vance: upper picture(a) presents results averaged within the 1999-
2004 period; lower figure(b) the results averaged over the 2003–
2004 period.

the necessary angle and program of the battery panel turning
were defined, a sequence of the corresponding commands
was elaborated and transferred on-board; their correct trans-
mission and response to the on-board system was checked. In
particular, in the hours of maximal geomagnetic activity the
solar battery panel was turned in parallel to the spacecraft’
movement. With all necessity this work required the progno-
sis of geomagnetic disturbances to be carried out in a round-
the-clock regime, and, as a result, allowed the “OCEAN-O”
to be saved during this severe magnetic storm. This method
was also used to retain this spacecraft’ orbit during the next
strong magnetic storms, which occurred very often through-
out 2000–2001. Unfortunately, the Japanese satellite ASCA,
during the same magnetic storm in July 2000, lost its orienta-
tion. Its on-board control system automatically attempted to
turn on the safety mode, but it was not possible to return back
to normal functioning from this mode; the spacecraft solar
battery lost the Sun and stopped producing the current. On
the 2 March 2001 the uncontrolled ASCA satellite entered
dense atmospheric layers and sank in the Pacific Ocean.

4.2 Mission on the space complex “MIR” leading off the
orbit

The need continue monitoring of the geomagnetic situation
was considered when a decision was required on the com-
plex “MIR” landing in 2001. The IZMIRAN Forecasting
Center provided daily meanAp-indices and values of solar
radio flux F10.7, as well, since both of these parameters were
required for the atmosphere model and trajectory calcula-
tions. In addition, the special method of long-term prognosis
(up to 45 days) of theAp and F10.7 indices was elaborated
on, to provide long-term forecasting for the orbital complex
landing. An optimal operation assumed the fall of the or-
bital complex down to 180 km, followed by a set of braking
impulses after that. There was a danger that the orbit com-
plex would fall lower than this level and freely leave the orbit
when the magnetic storm arose. For example, in the quiet and
unsettled geomagnetic conditions the daily decrease in the
orbit was about 500 m, whereas during the magnetic storm
on 19–20 March, the fall was as much as 8.1 km. Every day
during 3 months the ballistics experts from the Mission Con-
trol Center calculated the parameters of the orbit on the basis
of the IZMIRAN prognosis, which were compared with the
trajectory measurements. During the winter months, the con-
ditions were very quiet, whereas a new burst of solar activity
had been expected by the end of March, thus, the operation
needed to be finished without a delay. On the closing step
the Space Agency and IZMIRAN were working in a round-
the-clock regime. The operation was finished on 23 March
and all ensuing events on the Sun and in the magnetosphere
could be considered as an evidence of the timeliness of the
“MIR” sinking. As one can see from Fig. 2 the severe mag-
netic storm was recorded on 31 March – one of the greatest
storms over the last solar cycle. The next month - April - was
also extremely disturbed. It would be impossible to keep the
complex “MIR” in the orbit and conduct a controlled fall un-
der such conditions.

4.3 Failures of the railway automatics during the geomag-
netic storm

The significant currents in the ionosphere during the geo-
magnetic storms may induce the so-called telluric currents in
the long conductors, for example, in the electro-transmission
lines, gas and oil pipelines, and railways, leading to anoma-
lies in the operating of the mentioned systems (Boteler,
2003).

During 2000–2001 and then in 2003–2004, IZMIRAN
was receiving a lot of reports from the Nyandoma part (63–
64◦ N) of the Northern railway regarding the cases of fail-
ure of the railway ,devices (signalization, centralization and
block system) for a number of railway stations (see Fig. 3):
Shozhma, Lelma, Shalakusha, Lepsha, Ivaksha, Plesetskaya,
Sheleksa, Puksa, Emtsa, Letneozersky, Shestiozersky. Some
similar reports from the Gorky railway were also received
during the last few years.
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Table 1. Periods of railway failures and characteristics of the geomagnetic conditions at that time.

Date MaxKp-index DailyAp-index MinDst

6–7 April 2000 9− 82.74 −321

15–16 July 2000 9 164.5 −300

18 September 2000 8+ 56.7 −172

31 March 2001 9 192 −358

2 April 2001 7 63 −51

11 April 2001 8+ 85 −256

6 November 2001 9 142 −257

24 November 2001 8+ 104 −225

29–31 November 2003 9 236 −402

8–10 November 2004 9 186 −383

They reported about false signals at the duty tables regard-
ing blockage on the tracks along the main railway (Oraevsky
et al., 2003a). It caused a delay in the train moving. The
time and anomaly characteristics where compared to pro-
tocols. It is characteristic that the checking of the appara-
tus after these anomaly signals indicated whether they were
functioning properly or not. Comparison of the received re-
ports with the data on the geomagnetic field variations re-
vealed a well pronounced correlation between the anomalies
in the railway automatics and big disturbances in the geo-
magnetic field during the greatest magnetic storms in these
years. Table 1 shows the dates of the anomalies on the North-
ern railway, the 3-hKp-index maximum, dailyAp-index,
and the minimum hourlyDst index. It is clearly seen that
almost all malfunctions fall during the time of severe geo-
magnetic storms (maximumKp is 8+ and more) and only in
one case was there a strong storm (Kp-index is 7). A more
detailed analysis indicates a coincidence between the time of
the anomalies and the most active geomagnetic periods with
an accuracy up to hours. It is noteworthy to emphasize that
these periods were selected by the information on the rail-
way anomalies, and not by the geophysical situation. We
did not receive any information on a similar problem in the
quiescent periods. Although it may be assumed that anal-
ogous malfunctions (probably less in number) could occur
during the weaker geomagnetic disturbances and not only
at the Northern railway, the railway experts tried to explain
them by simple technical anomalies or by the operator’s mis-
takes. However, the reason for these phenomena may really
be the currents induced in the extended system of the railway
automatics. They seem to have occurred often enough at all
high latitudinal railways. The reports on similar anomalies
have also been received from Sweden in 1982 and Norway
in January 2000, and another Russian high latitude (Gorky)
railway.

To reduce the risk of possible extreme events at the
high latitudinal railways the information for railway sta-
tions should be provided by a well-timed prognosis of

Fig. 2. Geomagnetic situation between January-April 2001 during
the mission on the “MIR” landing.

Fig. 3. Nyandoma part of the Northern railway reported on failures
in the automatic control systems. In the upper portion one can see a
part of Northern Ice Ocean.
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Fig. 4. Monthly meanAp-indices throughout the last 10 years and
their forecasting.

Fig. 5. Seasonal behavior of theAp-index averaged over the last
137 years.Ap indices have been averaged since 1932, and before
this time the aa-indexes were normalized.

geomagnetic activity and by the information about the cur-
rent geomagnetic situation.

5 Basis for the long-term prognosis

A long-term prognosis forAp-indices is presented in Fig. 4.
It was calculated on the basis of some scientific results on
the study of long-term solar-terrestrial dependences. To ob-
tain this long-term curve the behavior of the solar activity
index (or, more accurately, the sunspot number) in the 24th
cycle was supposed to be the same as the averaged index be-
havior, averaged over the last 7 cycles. It was also taken into
account that the base indices of geomagnetic activity vary
regularly within the solar cycle, therefore the averaged be-
havior of theAp-index over the 17–23 cycles was defined
for the different phases of the solar cycle separately. This
averaged behavior of theAp-index, in combination with its
seasonal tendency (see Fig. 5), obtained from the multi- year
data, directly forms the basis for the long-term prognosis thus
offered. In Figs. 6a and b, a fraction of the days with the mag-
netic storms (Kp>=5) for different months during the year is
presented, together with its autocorrelation function. These
data have also been used for the long-term prognosis.

Of course, we can calculate only a smoothed variation
of geomagnetic activity, and the real behavior will be less
regular. The new, unexpected bursts of solar activity will

Fig. 6. Monthly distribution of a fraction of days with the magnetic
storms (Kp>5) (a) and its autocorrelation function(b) derived from
the data over the 1932–2004 period.

Fig. 7. Behavior of the different space weather parameters mea-
sured by the satellite systems and ground level detectors during the
solar activity burst in January 2005 (from real-time data).

inevitably occur and cause numerous storms, exceeding the
predicted numbers in some cases.

6 Possibilities of further improvement

The numerous works are carried out in IZMIRAN, which
may be directed towards refining the geomagnetic prognosis.
In particular, the efforts are concentrated on the following
models:

– Model of the magnetic field at the solar wind source
surface for the current moment;
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– Model of the relation between characteristics of the
magnetic field on the source surface and of the so-
lar wind near the Earth. This plasma, incoming to
the Earth, crosses the surface of the solar wind source
several days prior. Thus, the solar wind behavior near
the Earth, and the consequent variations of geomagnetic
activity appear to be predicted if plasma properties on
the source surface are known. The essential prerequi-
sites (Wang and Sheley, 1992) exist for the prognosis of
different components of the IMF and solar wind veloc-
ity. It requires regular observations and measurements
of the magnetic field at the photosphere and a reliable
method allowing the field at the source surface to be
calculated on the basis of photosphere observations;

– Model of the geomagnetic cloud structure from obser-
vations of the solar filaments and solar magnetic field;

– Model of the solar wind fast stream from the coronal
hole;

– Model of the coronal holes – interrelation of active re-
gions.

Some new improvements, used as a tool to analyze the cur-
rent conditions and for the short-term forecasting, are dis-
cussed now, such as a stacked plot of data in real time to
show the key parameters (Fig. 7), combining solar X-rays
(GOES), solar wind and interplanetary magnetic field (ACE),
solar protons (GOES), high-energy electrons (GOES),Kp

andDst geomagnetic indices.

7 Conclusions

The IZMIRAN Forecasting Center, basing on a long-term
studies of solar-terrestrial relation and modern elaborations
and on the real-time sets of various measurements, de-
termines prognoses of geomagnetic conditions, which are
claimed and used in many organizations at different levels.
Six year of experience show that there is a necessity to de-
velop and to deepen the scientific understanding of the pro-
cesses in the Sun-Earth space. The second necessary issue
for prognosis is to provide continuous monitoring of differ-
ent parameters which are intrinsic to the processes at the Sun,
in the space and the Earth’s vicinity.

Although there is no reason to expect an extremely high
solar activity in the new cycle, it may be even more danger-
ous because humanity, on average, becomes more “meteo-
dependent”:

– Communication and navigation are more and more sup-
ported by the satellite technologies;

– Megapolis electric systems become more complicated
and ramified;

– Exploitation of the high latitude railways become more
intensive;

– Dependence on the automatic and microelectronic sys-
tems within the wide area of human life becomes
stronger.

So, the storms in the next solar cycle may turn out to be more
dangerous for humanity than in the previous cycles, and we
should be ready for this new challenge.
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