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Short-term forecast of space weather in real-time

V. I. Kozlov, S. A. Starodubtsev, A. A. Turpanov, V. G. Grigoryev, V. S. Nikolaev, and A. N. Prikhodko
Institute of Cosmophysical Research and Aeronomy, 31 Lenin Ave., 677891 Yakutsk, Russia

Abstract. The suggested method for the early detection ofthe monitoring and large-scale disturbance forecast results in
the large-scale solar wind disturbances by the registration oMarch-April 2001 are presented. The standardized values of
galactic cosmic ray (GCR) scintillation is realized in the near the scintillation index being in the intervall < p < 1, have
real-time regime since January 1999. It seems for us the tedieen averaged for 1 hour. Two horizontal lines show two-
experiments carried out in 1999-2000 gave the hopeful resided80% significance level. The scintillation index values
sults. In this connection, since 2001 the ground-based radilocated inside th&0% significant interval are related to the
ation monitoring and the forecast of the large-scale distur+andom values (the undisturbed conditions). And vice versa,
bances began to be carried out in the real-time regime. Théhe scintillation index values being outside this interval are
monitoring and forecast results are available in Internet bynot random at th80% significance level. The significant val-
address - http://teor.ysn.ru/rswi/. ues of the scintillation index exceeding the significance level
represent the high-frequency component of the signal (con-
ditionally, it is "predictor”) and is identified with "the early
detection” of the event. The significant values of the scintil-
lation index locating below lowest the significance level, i.e.

As it is known, the individual random trajectories uncorre- t.h.e Iow.—frequepgy comp?nent of the useful signal is '.den'
tified with the "diagnosis” of the event. All three possible

lated with each other are ascribed to fast particles in diffusive_. =™ . . A
approximation. At the same time, on small spatial—temporals'tu"’mon"5 are illustrated in Figure 1.
scales, the trajectory correlation must be considerable, so

that groups of particles, beeng at a close short distance i% Results

phase space are kept comparatively for a long time as com-

pact formations with a "single” trajectory. In this connec- rhe geoeffective event forecast in a real-time regime has

tion we have studied the cosmic ray variations caused by the,,seq considerable interest. Below the Space Weather fore-
group behaviour of galactic cosmic rays in the interplanetary ¢ results in March—April 2001 in the ASCAD system are

magnetic field. It is advisable to look for the corresponding given, The studied period refers to the final reversal stage
variations in situations when the "dyed” groups of particles 4t he total magnetic field of the Sun in the 23-rd cycle and
appear whose evolution is easy traced. The strongest contraglerefore it is of considerable interest. Figure 1 shows the

in cosmic rays are created by interplanetary shocks initiating; _pqr registration of the cosmic ray intensity at the Tixie

sharp decreases of intensity. According to this, the correxation (in a low part of Figure 1) and also the GCR scintilla-

lated cosmic_ ray intensity_fluctuations registered by several;q index (upper). The analysed period is characterized by
neutron monitors are studied. the increased activity of the Sun. In interplanetary medium

at this time a series of shocks had been registered. In the
GCR intensity it is manifested in the analogous series of the
Forbush—effects with the amplitudés— 6%, followed one

The example of early detection of the large-scale solar win yafgheZV;ItrI:A:]rihngeAln:iT Q/al“wr:}'ghaf degu;’:lill E L(lw?tarl]ytsr;eon
disturbances suggested in Kozlov et al. (1984); Tugolukov ' » APTE 2, AD P

end orlow (1991 Kodoand Tugohkos (1992)by e s PH0ed 10, e el s sorsofdtrances
method modified with the account of results of the test ex- yap P €9 y

periment carried out in 1999-2000 (Kozlov , 1999; Kozlov \évggﬁsme_gggg:;ngorfevgggg dngm'iﬂrek.reE?si?aﬁ(():nRoT tfgsétéR
et al. , 1999, 2001) is shown in Figure 1. In this Figure 1 P y 9

scintillation index at the significance levél > 80% (see
Correspondence tov. |. Kozlov Figure 1). The significant values of the GCR scintillation
(valery@ikfia.ysn.ru) index are registered at both Tixie and Yakutsk stations. Be-
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2 Method
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Fig. 1. Results of the forecast of space weather for March—April 2001.

fore all 5 Forbush-effects in interplanetary medium the flux both giant spots was accompanied by powerful X-ray flares
increase of low-energy particles was registered:~by0* (of X—class).

from March 25-27, by~ 107 - from April 3-4, by ~ 10* - The analyzed period from March to April 2001 refers to
from April 7-8 and by~ 10% - from 10-11. Besides, the solar the period of the most sporadic solar activity (see Figure 2
cosmic ray (SCR) increase was registered on April 9-11 withfrom our report at the 27 ICRC). This period falls on the fi-
the energy: > 10 MeV - ~ 10%, withe > 50 MeV - ~ 10> g stage of a reversal of the general magnetic field of the
and withe > 100 MeV - ~ 10'. The repeated GCR increase syn in the current 23—rd solar cycle. The decay of the large—
~ 10? with ¢ > 50 and withe > 100 MeV was registered  scale magnetic field at the final stage of the reversal of the
on April 12. The CRintensity flare on April 15 was also ac- fie|d has caused the high activity at the end of March — at the
companiecd~ 10 of superhigh solar protons with > 50 peginning of April of 2001. Like that what it was observed
and withe > 100 MeV ~ 10°. Aboard spacecraft in every on the decline branches of the 21-st and 22-nd solar activ-
event considerable changes of the direction and value of inity cycles (Kozlov and Markov , 1999a,b). It has engaged
terplanetary magnetic field and also the density and velocityor attention the following remarkable fact: similarity of the

enhancement of the solar wind plasma were registered. ThgcR intensity profiles for the decrease branches of the 22-
extreme values of the solar wind plasma parameters and IMER§ and 23-rd cycle is observed not only in the "large” (for

were registered on March 31 - AprilZ > 50 nT, V' > 800 the 27-day values) but in the "small” one, i.e. for hourly val-
km/s). All'5 Forbush-decreases were accompanied by the 9&;es (see Figure 2). First of all, the quasi—periodical character
omagnetic storms. The most powerful events were on Marchyf the process in both cases strikes. Moreover, the interval
31-April1(Kp < 9)and April 11-13 ((p < 8). Thelargest  petween Forbush—decreasest days. In this case, the pe-
active region No.9393 containing the largest spot for the curyioq of the found variation is wonderfully stable during the
rent 11-year cycle is responsible for the most powerful stormynole Sun's rotation! It is possible that the process of the
on March 31. Another active region N0.9415 is respon3|bledecay of the large—scale magnetic field of the Sun at a final
for the second magnetic storm by its power. The passage 0§tage of its reversal manifests itself in the formation of a thin
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Fig. 2. Results of the forecast of space weather for May—June 1991.
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