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BBICOKOCKOPOCTHBIE ITOTOKHX COJIHEYHOI'O BETPA
B TEYEHME NOCJIEAHUX COJHEYHbBIX ITUKJIOB

AcenoBcknu C.
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Buvicokockopocmuvie nomoxu conneunoeo eempa (High Speed Solar Wind Streams,
HSS) evisignenvl kak 00Ha u3 0CHOBHbIX NPUUUH ceoMacHUmMHbIX Oypb. Tlocne eco udenmughu-
kayuu 6 1962, nawe nozuanue 06 3mom NposGIEHUU COJHEYHOU AKMUBHOCMU CMANO Oojee
mounwvim. Tenepsv y Hac ecmb IKCnepumMeHmanbHvle OaHHblEe 0 NAPaAMempax COTHeYHO20 6em-
pa 6 meuenue nocieOHux yemoipex 1 1-n1emuux yuxkio8 corHeuHou aKmueHOCMU, U Mbl MONCEM
onucamv nogedenue HSS 3a omnocumenvrno orumenvHulii nepuod. bonee moeo, kasxcemcs,
YUMo HACMoAWULL Nepuod 8eK0B8020 YUKIA COJHEYHOU aKMUsHOCmMuU saeisiemcs "nepexoouvim’
— Om KCMPEMATbHO 8bICOKOU CONHEUHOU aKmugHocmu, Habmooaemou 6 yuxnax 18-22, do
Ce2o00HAUHe20 OHS, K020a Mbl HAO00AeM 4y8CmeumenbHo Doee HU3KYI COIHEeUHYI0 aKmue-
Hocmb (yuka 24). Heckonvko mooenetl npoeHosupyrom oadice euje 6ojiee HU3KYH aKmusHOCHb
6 crnedyiowux yuxnax. Umes uzmepenuss noseoenus HSS 6o epems smux 08yx nepuooos (8ul-
COKAsl U HU3KASL CONIHEYHAs AKMUBHOCMb), Mbl ucciedyem, Kak eénusiem Ha HSS eexosas sapu-
ayusi COTHeYHOU AKMUBHOCTU.
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Introduction

High speed solar wind streams (HSS) and Coronal mass ejections (CME)
are recognized as main geomagnetic storm drivers. According [1] HSS are re-
sponsible for at least 70% of geomagnetic activity at solar minimum and more
than 30% at maximum. HSS are characterized with low speed, temperature and
plasma density [2, 3]. They are geoeffective at most during the sunspot declining
phase [4], when the second maximum in the geomagnetic activity is observed.
Considering the year of identification of HSS (1962), early investigations of the
solar cycle evolution of HSS has been presented by [5, 6]. They study variations
of HSS during the period 1962-1974 (covering solar cycle 20) with emphasis on
the solar wind speed fluctuation, the effect of the temporal evolution of stream
structure on long-term averages of the solar wind flow speed, relationship be-
tween solar wind stream structure and the interplanetary magnetic field sector
polarity. The major conclusion of these studies is that during the solar minimum
the most stable streams with the largest amplitude occurred. The Mariner-2, Pi-
oneer-6, 7, Vela and IMP programs are solar wind data sources at the time of
solar cycle 20.
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In this study solar cycle evolution of HSS for the cycles 21-24 as well as
differences of the averaged parameters are discussed.

Data and methods
This work considers the solar wind data for the last four solar cycles. In
Table 1 is presented information for Solar cycles 17-24, including the duration
of the different cycles.

Table 1.
Cycle Started Finished Duration (years)
Solar cycle 17 1933 September 1944 February 10.4
Solar cycle 18 1944 February 1954 April 10.2
Solar cycle 19 1954 April 1964 October 10.5
Solar cycle 20 1964 October 1976 June 11.7
Solar cycle 21 1976 June 1986 September 10.3
Solar cycle 22 1986 September 1996 May 9.7
Solar cycle 23 1996 May 2008 January 11.7
Solar cycle 24 2008 January 2018 ~11

Several catalogues of HSS for Solar cycles 21-23 have been used to deter-
mine the time and duration of the events [7-9]. Using hourly values of the plas-
ma parameters gathered in OMNI data base (http://omniweb.gsfc.nasa.gov/) the
averaged values of the main parameters for every single event have been calcu-
lated.

312 HSS for Solar cycle 24 events have been identified using the criteria
for a HSS — an increase of the solar wind velocity by at least 100 km/s in no
more than one day to at least 450 km/s for at least five hours along with high
proton temperature and low plasma density.

Results
In Fig. 1 and Fig. 2 averaged values of the HSS for solar cycles 21-23 of
the maximum speed (red line), duration of the HSS (blue line) and sunspot num-
ber (black line) are presented. During the descending phase of these cycles the
highest values of maximum speed and the longest duration of the HSS (8-10
days) are observed.
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Fig. 1. Maximum speed of HSS for solar cycles 21-23.
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Fig. 2. Maximum speed of HSS for solar cycles 21-23.

The main results about maximum speed and counts of HSS for solar cycle
24 are presented in Fig. 3. It can be seen that there are two peaks of the number
of HSS occurrence — one during the ascending phase and one at the descending
phase of the solar cycle. Unlike the previous cycles, there is no such well-
defined peak in the maximum speed of HSS in the current/present solar cycle.

o
=

1150 B

p— oo

= =

= - . .
=

g
Sunspot number

Sunspot number

500

daximum speed of the HSS

A%

00 2000 000 012 013 2014 205 2006 2007 T 20000 2000 M2 2003 2014 2015 2016 2007

Years Years

Fig. 3. Maximum speed and counts of HSS for solar cycle 24.

Table 2.
Parameter SC21 SC22 SC23 SC24
Hours 7878 7161 9811 8690
Scalar B, nT 5.9 5.9 5.6 4.7
Bx, nT -0.36 0.15 0.27 -0.18
By, nT 0.34 0.03 -0.09 0.08
Bz, nT 0.22 -0.01 -0.11 0.02
T, K 178230 146090 205240 132840
Dens, N/c 5.6 6.1 6.9 4.1
Speed, km/s 512 508 463 518
Press 2.7 2.8 2.5 1.9

In Table 2 the averaged values of the HSS parameters for the different cy-
cles are shown.
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Conclusions

This study considers the averages of the main HSS parameters in the last
four solar cycles (21-24). The conclusion remarks are:

e The time in which Earth is under the HSS influence is more than 50% of
the total time in each of the last four solar cycles.

e At SC23 the HSS influence is more than 75% of the total time.

e During the last SC24 the averaged HSS speed drops under 500 km/s while
HSS temperature increases to more than 200000 K.

e During the descending phase of the solar cycles 21-23 the highest values
of maximum HSS speed are observed.

e The duration of the HSS is the longest (8-10 days) during the descending
phase of solar cycles 21-23.

e 302 HSS events have been isolated for the last 24™ solar cycle and their
maximum speed was estimated.

e The profile of the maximum speed of HSS within the 24™ solar cycle is
different compared to the previous solar cycles and no maximum value is ob-
served.

e The count of the HSS is the greatest during the descending phase of the
24" solar cycle.
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