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SW � Continuous �ux of particles

©NASA

We do not fully understand
the origin of the slow SW,
nor its region of
acceleration/deceleration

Fast SW origin � coronal
holes

It is highly variable.
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History

Mar 1716 - the �rst interpretation of an aurora based on exact sciences as a

terrestrial phenomenon which involved geomagnetism (magnetic

thunderstorms)

Sep 1859 - solar �are in white light → geomagnetic storm

Solar M regions recurrent geomagnetic storms (GSs) (27 days)

Solar wind (Parker) 1956

Spatial era 1957 - terrestrial magnetosphere, Van Allen radiation belts

May 1973 - Skylab (corona in X-ray and white light)

Coronal Holes → recurrent GSs

Coronal Mass Ejections → major GSs

Oct 1990 - ULYSSES � Sun at all latitudes

Nov 1994 - WIND (SW data)
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Coronal Holes

©SDO/AIA 193Å SpaceWeather.com

February 15 and 19, 2016
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Parker Spiral

Baumjohann and Treumann, 1996
ENLIL Solar Wind Prediction -©http://helioweather.net/index.html
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SW Types

1. Fast wind in high-speed streams
High speed � 400 - 800 km s−1; Low density � 3 cm−3
Low particle �ux � 2 × 108 cm−2 s−1; Helium content � 3.6% stationary
Source � coronal holes
Signatures � stationary for long times (days � weeks)

2. Low speed wind near activity minimum
Low speed � 250 - 400 km s−1; High density � 10 cm−3

High particle �ux � 3.7 × 108 cm−2 s−1; Helium content � below 2% highly variable
Source � helmet streamers near current sheet
Signatures � sector boundaries embedded

3. Low speed wind
Similar characteristics as 2., except for:
Helium content � highly variable; Source � related to active regions
Signatures � shock waves often embedded

4. Ejecta following interplanetary shocks
High speed � 400 - 2000 km s−1; Helium content � up to 30%
Other constituents � often Fel6+ ions; in rare cases He+
Sign. of magnetic clouds in about 30% of cases
Sources � CMEs, erupting prominences, �ares
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High Speed Streams

HSS de�nition:

"An increase of solar wind speed that
lasts several consecutive days (at least
two)"

Principal selection criterion:

∆V1 > 100 km/s that lasts two days

∆V1 = V1 - V0
V0 - the smallest 3h velocity for a
given day
V1 - the largest one for the next
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Data

©NASA, NASA/H. Zell, I. Dorotovic et al. (2008)
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Software

IDL

Input data

Bartels rotation number

the SW plasma temperature (K)

SW proton density (N/cm3)

SW plasma speed (km/s)

Output data

list of numbered HSSs

start time

duration

initial and maximum speed values

the speed gradients

Algorithm

3-h mean values

maximum (Vmax) and minimum (Vmin) values of the
3-h speed for each daily set

Vmaxnext - Vmin > 100 km/s

identi�cation of the maximum speed Vmax

identi�cation of the end time of the event, when the
speed decreased to (or near to) the V0 value from the
beginning of the event

new increase greater than 100 km/s appeared before
the fall under the initial value V0 of the speed, it was
considered that a new HSS event



D.Bes
,
liu-Ionescu,

AIRA, 9 Feb 2022

Introduction
Solar Wind

SW in the past

SW Sources

SW Structure

HSS
De�nition

Detection

HSS Sources

HSS
Catalogue
IMF

GSs

HSS
Examples

Catalogue
Statistics

HSS Geoef-
fectiveness

Summary

High Speed Streams - Validation

Besliu-Ionescu, Maris Muntean, Dobrica, 2022
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Sources

©SDO/AIA 193Å SpaceWeather.com

February 15 and 19, 2016

©SDO/AIA 193Å SpaceWeather.com

August 24 and 27, 2018
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Example

©www.geodin.ro/varsiti
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IMF

the dominant polarity of the interplanetary magnetic �eld (IMF)

Fry et al. 2005

minimum Bz (value and time)

©omniweb
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Geomagnetic Storm Association
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Energy Estimation

ε = 107 V B2 l20 sin4

(
θ

2

)
[J/s]

Akasofu, 1981

EIN = 3.78 × 107 n0.24
sw V 1.47

sw B0.86
T

(
sin2.7

(
θ

2

)
+ 0.25

)
[J/s]

Wang et al., 2014

Wε =

∫
MPH

ε dt [J ]

WEin =

∫
MPH

EIN dt [J ]
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Example � non geoe�ective HSS (Besliu-Ionescu, Maris Muntean, Dobrica, 2022)
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Example - cont � geoe�ective HSS (Besliu-Ionescu, Maris Muntean, Dobrica, 2022)
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Statistics (Besliu-Ionescu, Maris Muntean, Dobrica, 2022)
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HSS geoe�ectiveness

Method based on Besliu-Ionescu et al. (2019)
Summary of regression coe�cients

Regression Coe�cient Corresponding Value
V0 -0.9988

VMax 0.0051
∆ VMax -0.0061

dur 0.0053
Bz_min 0.1425
IMF 0.0843
b0 7.6450

21% success rate � training set
24% success rate � validation set

Besliu-Ionescu and Maris Muntean, 2020
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Summary

Online Catalogue of CH driven HSS for SC24

385 streams

178 HSS associated with 282 GSs

207 non-geoe�ective HSSs

minimum phases of the 11-yr solar cycles are not quiet intervals

Probability computation of HSSs geoe�ectiveness needs improvements

higher probability of geoe�ective HSSs during the descending phase
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Thank you for your attention!
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