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Solar wind and interplanetary magnetic field
features before magnetic storm onset

O. Khabarova, V. Pilipenko, M.J. Engebretson, and E. Rudenc  hik

Abstract: The presented results, concerning the features of the st plasma structure as observed by spacecraft
upstream of Earth, could be used for development of midellertforecasts of magnetic storms. We have analyzed 1-hour
data for 1995-2005 and a whole year of 1-min data during salaimum (1995) and during solar maximum (2000)

with 48 and 60 storms, respectively. The long-term statittorrelations between the solar wind/IMF parameters are
found to vary during the solar cycle, and this fact shoulddles into account for the prognostic aims. During solar
maximum the yearly correlation df with ground geomagnetic indices drops, and the correlaifolV with these indices
becomes significant during solar minimum only. Elevate@sulind density enhances statistically the IMF magnitude,

but not the IMFBz component. A remarkably high correlation exists betweenldiv-frequency solar wind plasma
turbulence with time scales 4-32 min and the IMF magnitutivds shown that solar wind dynamic pressure variations
are mainly determined not by speed, but density. The denkiiynges play a significant geoeffective role. In many cases
magnetic storms with -30 nd Dst <-100 nT are the result of sharp increases in solar wind demsih consequent
negative Bz at the background of low and steady solar wind velocity. 8esi about 2 days before80% of magnetic

storm commencements a weak increase of density is obserelincrease of the solar wind density is irregular and
accompanied by fluctuations with time scate® — 120 min, on the average, 2 days prior to storm commencements. The
possible mechanisms of these pre-storm solar wind/IMFatianis have not been firmly established yet. Thus, variation

of the solar wind plasma are a largely underestimated fantaragnetic storm triggering and could be effectively used f
space weather forecasting.
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1. Introduction One of the main reasons is that most of the techniques used

. L . for magnetic storm forecasting are oriented toward the pre-
Magnetic storm forecasting is one of the most importantyi .on "of severe magnetic storms, wifst < —100 nT. It

problems Of solar-terr_estria] physics and the k_eyston(patﬁe is commonly assumed that the majority of severe magnetic
weather science. As in seismology, forecasting methods cag, < '« " g(96) are caused by the arrival of magnetic clouds
be_ roughly classified into short-term (about 1 hour in adeanc (MCs) from coronal mass ejections (CMEs) and, to a much
using spacecraft measurements at the L1 point), mlddm-terIesser extent, by corotating interaction regions (CIRs)3[2

gg’g _sr%\gegil or:tcz;lerrsrr?f:ree\fgsatls,d;rﬁsgt%ldr :ana?(;ttegg g(@s)(%ar ¢ As_ a result, the space weather c_ommunity is overwhelmingly
but tHeir alerttime AT < 1h)is too small for usade of this |n oriented to the stgdy of CMEs with a strong southwa_rd inter-
planetary magnetic field (IMF), so the following paradigns ha

formation in practical aims. The quglity of mediur_’n—termefor been formed: "The main controlling factors of geomagnetic
casting remams_rather m_odest: during solar maximum the Su%ctivity are the solar wind spedd and the north-south IMF
cessful forecasting rate is75% (see, for example, the Lund mponent3:”

0
Space Weather Center and Naval Resear Ch. Laboratory WeB'However, the number of strong storms is less than 10% of
pages). However, the actual forecast quality is lower, beea the total storm number [2]. Meanwhile, less intense storms

most of the medium-term forecasting methods are oriented tqyy, 14 1ot he disregarded because of their seemingly lowfgeo
ward the prediction of probability of severe storms onlydan o i eness. There are many examples indicating that rateler
drops to~30% during solar minimum [1]. There are several storms Dst ~ —50nT) often produce much higher increases

;?23I?g,defé??r:iedrgfé.ltiﬂn%or?gsri'sn;b'lgrfapfeﬁc;é?ﬁg of relativistic electron fluxes near the geosynchronoustorb
prog 9 9 than intense stormd)st < —100 nT) do [4, 5].

th?lr?glglrgrﬂng?m;g d?;_?g:‘%r ﬂ;pg\gacprsﬁgﬁﬁsﬁ)sr;g;sq%t sokIJ\é(_e Most of the medium-term forecasting methods are oriented
probi . 9 . 9: P€15wards the prediction of the probability of CME arrival. ke
cause it is very uncertain whether an ejecta would reach th

\‘?vhile, according to recent investigations, the existirtqestes
Efgtg agt(ijorrllow a solar plasma stream would evolve upon tth the geoeffectiveness of real CMEs are close to estimdtes o
propag : the geoeffectiveness of solar flares (30-40%) [6]. At theesam
: time, for a random distribution of solar processes and miagne
Received 8 June 2006. storms the formally calculated coefficient of correlatiem de
0. Khabarova and V. Pilipenko. Space Research Institute, 30-40%. This _vaIue is compar_able with the forecast success
Moscow rate~30% during the solar minimum [1].
M.J. Engebretson. Augsburg College, MN Commonly, the ge(_)effectiveness of f[he _solar wind is over-
E. Rudenchik. Institute of Terrestrial Magnetism, Troitsk, Russia Whelmingly characterized by the combinations of the vejoci

V and the IMFBz component: the interplanetary dawn-dusk
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electric field Egyw = V * Bz or total electric fieldEr = gradient has been estimated as the tangent of the inclinatio
V x B. Implicitly, the paradigm of determining the role of of the autoregression straight line for 30 points. A storm on
CMEs andEgw has been expanded to all the processes ofet was reported when the absolute value of this gradient had
solar wind-magnetosphere interaction. Sometimes, ejga[2 exceeded a certain threshold value (0.3) before geomagneti
magnetic storm is even defined as "an interval of time whernndices (Kp, Dst) indicated disturbed conditions at least 2
a sufficiently intense and long-lasting interplanetaryvamn  hours after this moment. This algorithm reliably detectad a
tion electric field leads ... to an intensified ring currembsy  SSC moment as well as an onset of magnetic storm growth
enough to exceed some key threshold of the quantifying stormhase without SSC. In contrast to the technique proposed her
time Dst index”. This definition assumes that all other factorsthe usage of hourlyDst and 3-hourKp indices enables one
of the solar wind and IMF play no role in the storm production,to detect the storm main phase onset, but not the onset of the
and the only physical mechanism influencing the magnetogrowth phase. With application of this technique, 48 and 60
sphere is reconnection. Such solar wind/IMF parametees likstorms withDst < —30 nT were detected during 1995 and
plasma densityV, level of turbulence, etc., commonly have 2000, respectively.
not been taken into account and examined for their geoeffect A histogram of magnetic storm occurrence with respect to
iveness. In particular, density was considered as a migtwrfa  its intensity is shown in Fig.1 for two phases of solar atyivi
just increasing the storm intensity or enhancing negdiiveat  cycle: minimum, 1995-1996, and maximum, 2000-2001. Ac-
the leading edge of a magnetic cloud [7]. cording to the IAGA SSC catalogue, all the storm events have
Meanwhile, statistical analysis shows that upon a decreadseen classified as storms with SSC (dark columns) and without
of magnetic storm intensity, the solar wind velocity hasreveit (gray columns). The distribution of intensity of magrmeti
diminishing influence orDst disturbance. Only 23% of mild  storms with identified origins (whenever it was possibl&)so
storms with -50nk Dst <-30nT are related to high-velocity shown in Fig.1: CIR-related storms (marked by diagonaHjne
streams [2]. At the same time, there are indications of thefye and MC-related storms (white columns). During both thersola
fectiveness of other solar wind/IMF parameters, espgdiai ~ minimum and maximum years, the geoeffectiveness of CIRs
solar wind plasma density which might enhance the effect oand MCs in the production of medium and severe magnetic
southward IMF and production of the ring current [8, 9]. In- storms was nearly equal, which is in a good correspondence
troduction into a forecasting algorithm of solar wind dynam with [6], but in contrast to the commonly accepted point of
pressure improved the quality of short-term storm prediicti  view about the prevailing geoeffectiveness of MCs. The num-
especially for the most intense storms [10]. ber of storms caused by CIRs is about 1.7 times larger than
It would be an intriguing possibility to find an alternatiye-a  the number of storms caused by MCs both during solar min-
proach to medium-term forecasting, in which solar wind/IMFimum and maximum. Overall storm statistics show that such
features might be used as a prognostic factor. It is wortlewhi
to pay more attention to the solar wind plasma density, b stil % 1995-1996

underestimated factor of storm stimulation as compareld wit 705
the recognized storm-makers - velocity and IMF Bz [11]. This 4 | non-ssc
paper is mostly focused on the study of features of the solar -f’:?;
wind and IMF dynamics before magnetic storm onset, with 5 | MC
special emphasis on solar wind density and its fluctuations. 40
30

2. Data, techniques, and features of magnetic 20
storms under study 10

To characterize the solar wind changes and magnetospheric _Mgaq .
disturbances we have used sp&ggroton concentration (dens- 30 60 90 -120 -150 -180 -210 -240 -270 -300 -330
ity) V; and IMF from Wind and ACE spacecraft, as well as 40
SYM-H and Dst indices. We have analyzed statistically the 3, —| 20002001
interval 1995-2005 on the basis of hourly OMNI data and have
tested in detail an entire year of 1-min Wind spacecraft data 2 |
during solar minimum (1995) and solar maximum (2000). 10

To estimate the power of the solar wind density fluctuations ] — =
we have used the database of hourly ULF indices [5] - the spec- 30 &0 90 120 450 -180 210 .240 270 300 330
tral power of IMF and N fluctuations integrated over the 2-7 minimum Dst

mHz frequency band. Additionally, we have applied the wave-_. . ¢ . oy
let technique to estimate the integrated poWéy of density Fig. L. H'St(;]grams of magnetic stormdogcurrr]ence (I'nd@ Igdn
fluctuations with various time scales (commonly, from 4 te 32 "€SPect t0 tlgz'; |g(t§ensné/ (aT‘ measure yztOgo%Sit '? exjotar
64-128 min) with 1-min cadence minimum ( ~96) and solar maximum ( -01) for various
o _— categories of magnetic storms: with SSC (black), withou€SS
In order to have the possibility to analyze statisticallg-pr (gray). CIR-produced (diagonal lines), and MC-producediie)
storm intervals we must know how to identify magnetic storm gray), P g ' P '
onsets. For automatic detection of storm onset we haveaappli

the following algorithm. We have calculated a 30-minute mov €VeNts as CIRs and MCs are rather rare, so most storms are
ing gradient of the SYM-H indexy 30,min|SYM-H|, where the produced either by recurrent streams without evident CIR, o
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by streams of mixed origin [13]. Therefore, it would be use- 5 )
ful for prognostic aims to classify the geoeffectiveneshef ', ==11Dst ==[V-De] mmpzDst 2 IS ZmIEL =miir

solar streams not by their affiliation with CIRs or MCs, but & g 120 06 120
by simple physical characteristics: velocity, densitygmetic 5 08 100 2i I
field, and the intensity of the magnetospheric disturbaposs 2 z: 22 031 _EOU
duced. 5 o2 20 02+ Lo &
go,r ‘ 20 0,11 20%
. . . . O g 0 0 0o~
3. Relationships between basic solar wind and ) d)
geomagnetic activity parameters Ny 07 oKD ==Een D 7 ook =om DSt g
= )

For a long time it was supposed that the solar wind dynamic g gg :iz g: : :iz
pressureD = NV? is the dominant geoeffective factor influ- 2, \ 80 g4 50
encing storm development. Though since thattime the pgmadi 5 o3+~= /3 Ao 03] ,soH
in storm studies has changed, variations of the dynamic pres 3oz+— \,/\& 40 021 E
sure are still one of the key space weather parameters, influ 5 °'& f2° 0,11 208

i i7a and chane Af the Mmannatnenhar  ~ 0T T T =T T T 0T T T =T T 570 —
encing, for example, the size and shape of the magnetospher 0 % 'S % é g g 0 % 'é % é % %

Then, a question arises: which of the components - density ol
velocity - are most significant for pressure variations? the
mechanisms of the magnetospheric response to the vasgatio
of N andV different or the same?

It might seem that velocity is geoeffective [14] because it
provides a second power contributior (/2) to the dynamic
pressure variations. However, analysis of solar wind dat
shown that the possible geoeffectiveness of solar windmiyma
pressure is determined mainly by changes of density, but n

velocity. The correlation coefficient between plasma dgnsi relation coefficient is observed betweg and K p, in good

and dynamic pressure & =~ 0.8, which is about 10 times 0o 0ndence with [12]. Our analysis also shows, ratier s
more than that between the speed and dynamic pressure %

Fig. 2. The yearly variations of pair correlation coefficients
Between various solar wind/IMF parameters and geomagnetic
indices for the solar cycle period 1995-2005.

h geoeffectiveness of various solar wind / IMF parameterg Th
correlation between the most famous storm-makers, the inte

(ﬁ:anetary electric field¥ gy and Er, and theDst and Kp
dices is shown in Fig. 2d. The highest and most stable cor-

Fisingly thatE'gy — Kp andEgw — Dst correlations are not
1-min cadence data for 1995 and 2000). Therefore, we exa e A EW .
ine in greater detail the statistical properties of the isaiad 0 high (Fig. 2d), comparable with ttéz — Dst correlation

density, because variations 8f may be significant for storm (Fig. 2a). P~ T :
Ny These facts may indicate that intrinsic properties of tharso
dynamics and space weather purposes.

For space weather forecasting purposes it is important twmd and IMF, as well as their magnetospheric response, vary

: . . . 8uring a solar cycle. Therefore, storm prediction algonish
;?;\;)Vavrv;rﬁtehcgrrstgen(rjetlﬁgiorrzzjseht;gifggtiy:r?ensgIgr?er('as?;llarl]équr?l y must adapt to these_z variat.ions, otherwise they would be not
to year and independent of solar activity level. We have fbun equally effective during various phases of solar cycle.
that statistical relationships between the solar wind avi# |
parameters have turned out to qliffer, sometimes_ signifigant 4. Magnetic storm driving by the solar wind
at various solar cycle phases (Fig. 2). The following resaft  gensijty and IMF
correlative analysis should be highlighted:

During solar maximum the correlation betweErand Dst There is a common view that magnetic storms are produced
dropped toR ~ 0.3 (Fig. 2a). The correlation betweeéviand by extended intervals (more than 3 hours) of southward
Dst is significant ® ~ 0.4 — 0.5) during solar minimumonly. Bz < 0, whereas/” determines the storm intensity, because
Correlation between Bz and Dst is stable and statisticigly s the main driver is supposed to be the interplanetary etectri
nificant, but low,R ~ 0.2 — 0.4 (Fig. 2b). field Egw . However, this rule works for severe storms only,

The correlation betweeN andBz is practically absent (Fig. and in reality just a moderate southward IMF, even with high
2b). Thus, the popular hypothesis about an increase of soutfy’, is not sufficient to produce a storm. For example, between
ward IMF by an enhancely [7] has not been supported by our 04/30 and 05/02, 1999 (Fig. 3a) there were many intervals
statistical results. Meanwhile the correlation 8fwith IMF ~ with Bz ~ —2 nT with duration of a few hours under high
magnitude| B| is much higher. Thus, the solar wind density V' = 600 — 650 km/s and lowN, but they have not produced
indeed can drag and compress the IMF lines, Buequally ~ any significant disturbancéXst > —30nT). Atthe same time,
enhances IMF of any direction, not only southward. mild and moderate magnetic storms can be produced by mod-

A remarkably high correlation between the low-frequencyerately negatives > without significant growth o/, but after
solar wind plasma turbulence, as characterized by the wavgubstantial and steel growth (see examples in Fig. 3b-d).
let power Wy of density fluctuations with time scales 4-32  In total, 84 storms{ 80%) with Dst < —30 nT, dur-
min and IMF magnitudéB]| is observedR ~ 0.40 — 0.55  ing both solar minimum (1995) and maximum (2000), were
(Fig. 2c). Thus, the high magnitudes of IMF are commonlyPreceded by a rapid solar wind density increase, whereas the
accompanied by an elevated level of solar wind plasma turvelocity growth occurred after storm development. The ylela
bulence. A surprisingly high correlation is observed bemve between a rapid rise in density and a velocity peak is com-
the wavelet powelVy and K p (Fig. 2c). We also checked the monly about 1 day, therefore a storm is in its recovery phase
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a) 4 b) growth. The increase of N is not steady, but is accompanied
0 . ;
2 by irregular fluctuations. These features can be used asm sto
e ) W -10 precursor.
@ -4 - Typical features of the solar wind before magnetic storm on-
o g 60 o 1 set are illustrated by the 03/21-03/29, 1995 event (Fig. Az
E 4 \V"\-‘/\q,/ gg E increase ofN is accompanied by an elevated level of dens-
;- s 0 3 ity fluctuations with time scale 4-32 min, as reveale_d by thg
0 640 ] 700 — wavelet power, ar_ld strong cha_nges in the G—h running gradi-
H ] 600 — ent of density. This case describes a typical situation,nnhe
= 5607 M 3o ij\J magnetic storm has precursors in the solar wind: a weak and
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Fig. 4. (a) Variations of IMFBz component, solar wind density
N, wavelet power of density fluctuatiodn, six-hour running
80 - ) gradient of N, and theDst index during the magnetic storm
8/16 8/20 8124 o8 a2 o3 i of 03/21-03/29, 1995. (b) Histograms of statistical disitions
1998 1999 of N for the whole year and for the periods 1 hour and 12

Fig. 3. Variations of the IMFB= component, solar wind density ~hours before storm onsets for 1995 (left-hand panels) a@d 20

N and velocityV (taken from OMNI), and theDst index during ~ (fight-hand panels).

space weather events on (a) 04/30-05/02, 1999; (b) 10/i85.10 . . .
1998 (c) 08/16-08/26, 1998; and (d) 02/28-03/07, 1999. observations of case studies such as the above are confirmed

by the following statistical analysis. We have compared two
during the arrival of the high-speed-stream. So, the uysua||d|$tr|but|ons of various mtgrp_langtary parameters frommifh
cited conditions of the storm productionlong-term ocemce ~ Wind data: overall yearly distribution (white bars) anddiz-
of southward IMF and high velocity” are not both equally ne-tion during time intervals before magnetic storm onsetskda
cessary. For example, Fig. 3c shows the event when two sulpars). The comparison of these distributions has shown that
sequent storms have been stimulated with some delays iy rapi "€ pre-storm density values are increased in comparison
increases ofV at the background of loW. However, in an- ywth the annual distribution (Fig. 4b) .b(.)th for the year ofa
other event (Fig. 3d) the first storm is triggered by fiign-  IMum (1995, left-hand panel) and minimum (2000, right-hand

crease, whereas the second storm is related to the increasef@nel) of solar activity. This increase is observed at time i
Vv tervals 1 hour (upper panels) and 12 hours (bottom panels) be

.Probably, in events like these the loading-unloading mechfore storm onset. Thg effect_ becomes weakerforth_e time-inte
anism supplies energy into the magnetosphere, maybe evd@! 24 hours and entirely disappears at the 2 day interval (no
during periods preceding storm onset. This energy is event#NoWn). The solar wind velocity, on the other hand, demon-
ally released as a magnetic storm only after strong "shakingStrates atendency to decrease slightly before storm qhsets

of the magnetosphere by the high pressure solar wind pulsesduring solar minimum and maximum. Density fluctuations in
the ULF range are enhanced before onset, as revealed by the

shift of the distribution of thd’y index to higher values, both
5. Behavior of solar wind parameters prior during solar minimum and maximum (Fig. 5). This enhance-
storm onset ment becomes less evident for the 2 day interval. The terydenc

of increase of background solar wind density and its variab-

Case-study analysis shows that the solar wind behavior beyry hefore magnetic storms can be seen from histograms of
fore a magnetic storm persistently demonstrates impoigant  a distribution of running 6-hour gradients &f for the en-

tures. Besides the rapid increase of the plasma densi§oRro - (e year and periods before storms (Fig. 6). Before storms

ing magnetic storm beginning, a more gradual increas¥ of he magnitude of the density gradient increases both during
occurs for a few hours or even days before the main density

_40 —

Dst.
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Fig. 5. Comparison of histograms of annual distributions and
pre-storm distributions of the solar wind velocity duringla
minimum (1995) and maximum (2000) for 12 hours time integval
before storm commencement.

Fig. 7. Comparison of histograms of annual distributions and
pre-storm distributions (12 hours before storm commenceshe
of hourly values of the 6-hour gradient &f for the solar
minimum (1995) and maximum (2000).

LY/ % X
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Fig. 8. Comparison of the statistical distributions of the wavelet
power Wy of plasma density fluctuations with time scales 4-128
min for the whole year and for the period 12 hours before storm
onsets for 1995 (left-hand panels) and 2000 (right-hancaklgian

Fig. 6. Comparison of histograms of annual distributions and
pre-storm distributions for fluctuations of the solar winehdlity,
as characterized by the ULF power ind&X, during solar min
(1995) and max (2000) for 12 hours time intervals beforenstor

commencement. ergy accumulated in the magnetosphere, whevepamps in-

stantly solar wind/IMF energy into the magnetosphere under
favorable IMF orientation.

Case studies and analysis of statistical distributiong hew
vealed some new features of the solar wind/IMF behavior sev-

ral hours to days before storms. A weak irregular increése o
ensity is observed before a storm commencement, staoting,
averagey2 days before the main geoeffective density growth.
The power of low-frequency solar wind density fluctuations

(with time scales from~2 min to~100 min), as estimated by
the wavelet power and ULF wave index, starts to grow, on av-
_ _ ) erage,~1 day prior to storm commencement.

The main problems of medium-term magnetic storm fore-  pogssible mechanisms of pre-storm irregular growth of the
casting are a consequence of the shift of scientific inteeest go|ar wind density have not been established. One possible
prognosis of severe magnetic storms only and toward estimgnechanism may be related to the stream instability of solar
tion of the probability of the registration of CMEs near Eart \ying plasma, resulting in the excitation of MHD waves.

The most proper path toward their solution may be to search a|so, studies of the solar wind have revealed plasma dens-
for additional prognostic factors in the solar wind. Reagatk it enhancements near the heliospheric current sheet (HCS)
shows that variations of the solar wind plasma and IMF are gnq high-speed corotating streams adjacent to the HCS alasm
largely underestimated factor in magnetic storm trigggand  gpeet [15]. Thus, a high plasma density and low velocity may
could be effectively used for space weather forecasting anae an indicator that a spacecraft and Earth are approaching
lysis. , _ _ the HCS region owing to the presence of naturally occurring

These studies show that the solar wind density plays a MOTKigh densities near the HCS and also to stream-stream com-
significant geoeffective role than was previously assumed. ,ressive effects. The southward IMF orientation, whichneve
sharp density increase and consequent negdétive&an pro-  y,|ly causes moderate storms, may be related to the cioigptat
duce weak, moderate and even strong magnetic storms withogre am interaction with the HCS and its plasma sheet.
any significant changes of the solar wind velocity. The teigg Finally, fluctuations in active regions on the Sun, antitipa
ing role of density is not revealed clearly with standardista  j,q development of CMEs or solar flares, may modulate the
ical analysis because a delay time between the rapid jump Qjar wind. An investigation of the relationship betweengdo
N andDst minimum varies substantially from storm to storm. heriod pulsations of CM radio emission and solar proton §lare
Probably, the density increase may stimulate the release-of ghowed an occurrence of a relationship between them. This

solar minimum and maximum. The power of solar wind long-
period density fluctuation$Vy increases~12 hours before
storm onset, especially during solar maximum (1995) (Fig. 7
The same distribution for the 2-day time interval (not shpwn
demonstrates a substantial decrease of the effect. Thais, t
solar wind density becomes more turbulent and irregulangbo
1 day before the main growth a¥.

6. Discussion
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phenomenon has been suggested for use in solar ejection follesst can be found on an anonymous FTP sipace.augsburg.-

casting [17]. Recently, indications of solar wind modwatby

various modes of solar oscillations have also been found [16
Though possible mechanisms of these phenomena have

been reliably identified yet, observed features of the seiad

medium-term precursors, and thus could be used for forecast
ing purposes.

7. Conclusion

None of the methods proposed so far for magnetic storm and3.

substorm forecasting provides sufficient accuracy anderop

timing. Therefore, the space weather community shouldatry t 4-

implement the cybernetic principle - "to build a reliablestym
from non-reliable components,” and combine various foseca

ing tools. This study has shown that solar wind density péays 5

more significant geoeffective role than is usually consdett
was found that sharp density increases and consequeniveegat

Bz excursions can produce weak, moderate and even stron§-

magnetic storms without any significant changes in soladwin
velocity.

The statistical correlations for the period 1995-2005¢ndi 7

ate that intrinsic properties of the solar wind and IMF, a8l we
as their magnetospheric response, vary during a solar.cycle

During solar maximum the geoeffectivenesslofdrops, and 8-

geoeffectiveness df is significant during solar minimum only.

Throughoutthe solar cycle the geoeffectiveness of indegt- 9.

ary electric field,Egy and Egy, has turned out to be not
very high, just slightly higher than that @&-. The correlation
betweenV andB: is low, but the correlation oV with |B| is
much higher. A remarkably high correlation between the low-
frequency solar wind plasma turbulence with time scale& 4-3
min and IMF magnitudéB| occurs.

Case studies and analysis of statistical distributiong hewv
vealed some new features of the solar wind/IMF behavior sev-
eral hours to days before storms. A weak turbulent increfse o
density is observed before a magnetic storm commencement,

starting, on average, 2 days before the geoeffective gensit2-

growth. The power of low-frequency solar wind density fluc-
tuations (with time scales from 2 min to ~ 100 min), as

estimated with the wavelet technique and ULF wave power in13-

dex, starts to grow, on the average] day prior to storm com-

mencement. An elevated level of solar wind/IMF turbulemcei 14

the Pc5 band before storm onsets may induce enhanced ULF
magnetic activity on the ground.

These features of the solar wind plasma structure befor&>-

magnetic storms may be classified as medium-term precursors

of magnetic storms, and thus could be used for forecasting pul6-

poses. We suggest that variations of the solar wind plasea ar
a largely underestimated factor in magnetic storm trigugeri

and could be effectively used for space weather forecasting 17-
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