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Abstract. SHICRA SB RAS, using data from the
NMDB database, has implemented continuous monitor-
ing of the dynamics of cosmic ray (CR) distribution
parameters and the automatic forecasting of geomagnet-
ic disturbance. Monitoring is based on the global survey
method, which considers the world-wide network of
neutron monitors as a single device oriented in different
directions at each measured time. This method provides
real-time parameters of nine components of the first two
angular moments of the CR distribution function for
each hour of observation. This paper discusses meth-
odological aspects related to the use of the global survey

method and some results of the forecasting of geomag-
netic disturbances for 2017-2018.
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INTRODUCTION

The topical area of research on variations of the
cosmic ray (CR) intensity is forecasting of geoeffective
disturbances of the solar wind (SW). Earlier studies of
CR rigidity spectrum variations carried out by different
authors [Dvornikov et al., 1988, 1995; Belov et al.,
2001; Dorman et al., 2003; Munakata et al., 2005; Grigo-
ryev et al., 2006] have shown the fundamental possibil-
ity for their forecasting based on geoeffective SW dis-
turbances. Currently, there are various methods for real-
time forecasting of interplanetary medium disturbances
through the analysis of CR anisotropy, for example
[http://neutronm.bartol.udel.edu/spaceweather]. SHICRA
SB RAS implements the monitoring using a global survey
method, with the world-wide network of CR stations,
equipped with neutron monitors, considered as a single
multipurpose device. The CR intensity observed by each
detector is generally determined by receiving characteris-
tics of a detector, which represent its geometry, geograph-
ical location, and type of secondary particles observed, and
are joined by the concept of receiving vector. Note that the
global survey method was developed by SHICRA SB RAS
in the late 1960s to study CR distribution in interplanetary
space [Krymsky et al., 1981].

The creation and development of the international
neutron monitor database NMDB [http://www01.nmdb.
eu] opened up the possibility for using the global survey
method in real time [Grigoryev, Starodubtsev, 2015].
This eventually led to the development of a method for
real-time short-term (from several hours to ~1 day)
forecasting of geomagnetic storms with the Dst index
less than —50 nT. Forecasting results are available at

[http://www.ysn.ru/~starodub/SpaceWeather/global_sur
vey_real_time.html]

EXPERIMENTAL DATA
AND MONITORING METHOD

Using data from the world-wide network of neutron
monitors in real time requires its preprocessing. In this
case, we take on risk of using raw data. Information from
the neutron monitor stations is stored in DB in real time,
and its use in this mode requires us to solve a number of
methodological problems. Besides the usual, quite recov-
erable short-term hardware failures there are changes in
the level of count, linear trend, and other effects. A de-
tailed presentation of all the failures observed in CR data
and the problems to be solved before using the data is
quite extensive, but we briefly discuss some of them,
describing at the same time how to fix the failures. The
short-term hardware failures are removed on the basis of
Chauvenet’s criterion [Taylor, 1985]. One of the main
problems of data preparation is to correctly identify low-
and high-frequency parts of the CR intensity variations
the device recorded. In this case, the high-frequency part
of CR intensity variations at each station for the 24-hour
interval is identified as the difference between the ob-
served variations and the trend. Since it is known [Otnes,
Enochson, 1982] that the data filtering procedure does not
completely remove linear trends, to eliminate them we
use the standard least-squares method. Moreover, the
experiment demonstrates the dependence of the required
CR distribution parameters on the solar activity level,
which should be taken into account using coupling coef-
ficients for neutron monitors.
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As shown by our studies, the main predictors in CR
that actively respond to geoeffective disturbances of the
interplanetary medium approaching Earth are changes in
amplitudes of zonal (north-south) components of the
high-frequency part of the isotropic CR intensity (Cqy
and the first two moments of the angular distribution
(Cyo and Cy) [Grigoryev et al., 2017], which are includ-
ed in the nine parameters determined by the global sur-
vey method [Krymsky et al., 1981] and may take both
positive and negative values with respect to the ecliptic
plane. The predictors may also be changes in the value
and direction of the first harmonic vector and in the sum
of amplitudes of zonal components, which occur before
the interplanetary disturbance arrives in Earth's orbit.
We can empirically determine the critical levels above
which positive values of any of the three components or
their sums most likely predict an abrupt decrease in the
Dst index at the beginning of a geomagnetic storm [Gri-
goryev et al., 2019]. Yet, a significant decrease in nega-
tive values of these components or their sums below a
certain critical value may indicate the most disturbed
phase of the geomagnetic storm.

The dynamics of the main CR distribution parameters
for the last three days: isotropic intensity I, harmonic vec-

tor modulus 4, , and sums of positive and negative values
of zonal harmonics, as well as components and vectors of
the first 4, and second 47 harmonics in the GSE coor-

dinate system is shown at [http://www.ysn.ru/~
starodub/SpaceWeather/global_survey real _time.html].

RESULTS

In recent years, against low solar activity there is
very low geomagnetic activity. Nevertheless, over the
period 2017-2019 there were four significant magnetic
storms that occurred on May 28 (Dst~-125 nT), July
16 (Dst=-72 nT), and September 7 (Dst=-124 nT),
2017, and on August 25, 2018 (Dst~-174 nT)
[http://wdc.kugi.kyoto-u.ac.jp]. As an example, Figure
presents the sums of positive Y C*'=C"y+C"1g+C"5 and
negative Y C = C oy + C 1o+C » zonal CR anisotropy
components, as well as Dst variations during these
geomagnetic storms. The sums of positive values of
zonal components above 0.9 and negative ones below
-1.2 suggest that they reach or exceed critical values,
which we interpret as moments of occurrence of predic-
tors of the onset and the main phase of a geomagnetic
storm respectively. Figure demonstrates that for these
geomagnetic storms predictors occur two hours to one
day before the onset of the geomagnetic disturbance.

CONCLUSIONS

1. We have analyzed four severest magnetic storms
that occurred in 2017-2018. All of them had predictors
in CR distribution components obtained by the global
survey method.

2. The global survey method used for determining
CR anisotropy parameters enables an automatic short-
term (from few hours to ~1 day) forecasting of geomag-
netic storms with Dst<—50 nT.
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Time dependence of sums of positive (£C*) and negative
(XC") zonal harmonics, as well as Dst variations during
magnetic storms on May 28 (a), July 16 (b), September 7,
2017 (c), and August 25, 2018 (d). Dashed lines indicate
critical levels for predictors of geomagnetic storms; triangles
mark onsets of storms; arrows, beginning of occurrence of
the predictors

3. It is necessary to further improve the monitoring,
including direct measurements of interplanetary medi-
um parameters.
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