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Space - a region above the Earth’s atmosphere and
all its constituents

The concept “Space Weather” -
coined in 1994

Earth’s atmosphere viewed from space

SPACE WEATHER is the condition on the Sun, in the solar wind, in
near-Earth space and in the upper atmosphere that can affect
Influence the performance and reliability of space-borne and
ground-based technological systems, thereby affecting human
life and endeavour.

Space Weather is driven by SOLAR ACTIVITY 2
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The Sun is an average star with a highly
varying magnetic field.

= The Sun’s diameter is about 1.4 x 10° km. o
= |t is source of energy for all human
activity.

= Temp. in the Sun’s interior is 1.5 x 107 K.
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» Seasons (Wind patterns, Precipitation, Insolation, Humidity)

» Energy (Biomass, Fossil, Wind, Tide)



SOLAR ACTIVITY

Solar activity (solar magnetic activity) is the activity of the Sun due to its
varying magnetic field.

Forms of solar activity

- Solar Flare
- Coronal Mass Ejections (CME) — SUNSPOT CYCLE

- High-speed solar wind

*These solar events influence the Earth (its magnetosphere, surface magnetic intensity, a6nd
atmosphere)



SOLAR FLARE

An Intense/giant  burst of radiation
(radiowaves, x-rays, gamma rays) coming from
the release of magnetic energy associated
with sunspots.

= Flares can last from minutes to hours.

= |t takes 8 minutes to reach Earth and the
effect can last for days.

. A flare on 4 November 2003,
Flares may be accompanied by emission of Captured by SOHO EUV

: . ' ESA&NASA/SOHO
electrons, protons, and heavier particles. Imager )

= Aand B-class - [<10%W/m?
= C-class - 106<1<10° W/m?
= M-class - 10°< 1< 104 W/m?

= X-class - | > 104 W/m?



CORONAL MASS EJECTION (CME)

This is a sudden and violent release of magnetized plasma (e.g.
protons) from the Sun. CMEs occur when the sun’s magnetic field
forms a loop in the corona (the sun’s atmosphere) and above the
sunspot groups. Gases are then confined until they violently breaks

the field and escapes into the interplanetary medium with a high
velocity (400km/s).

CMEs occuring with flares: “Eruptive events”
CMEs without flares: “Compact events”

CMEs can last for several hours, and the
effect can last several hours to days.

Source: commons.wikimedia.org Source: www.universetoday.com
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HIGH SPEED STREAMS / CIRs

CIRs are formed due to high speed streams
(or solar wind) from coronal holes pressing
against slower ones from the quiet Sun.

CIRs are drivers of most weak and moderate
storms that occurs during solar minimum

= Coronal holes are extended dark regions in the
sun’s corona (best identified in X-ray images)

= They are regions of unipolar field

= Appears around the Sun’s lower latitude during
solar minimum and can last few solar rotation \

9
Coronal holes and active regions are seats of solar mass emission in the form of solar wind and CME



CLASSES OF GEOMAGNETIC STORMS

conditions index | index o :
Very Quiet 0 0-2 E -1 4
Quiet 1 3-5 _;3 W
Quiet 2 6-11 Tima{Ul) |
Unsettled 3 12-21 5
Active 4 22-38 o p—s —
Minor storm 5 3966 oy il k. LA
Major storm 6 67-110 §m '||§ J{u”’f
Severe storm 7 111-178 i T
Very severe storm 8 179-299 300 - m_;u:
Extreme storm 9  300-400 . ;
Dst index classification (measured in nT) ] A i~
= peak Dst >-30 (No disturbance) i 400 et
= -50 < peak Dst < -30 (Weak) e
= -100 < peak Dst <-50 (Moderate) - T A B 5 3 L
» -250 < peak Dst < -100 (Intense/strong) Time[UT)
» -350 < peak Dst < -250 (v. intense/ severe) Plot of solar wind and magnetic parameters for

= peak Dst < -350 (Great) 4-8 April,2000.
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Space Weather effects (cont’d)

*FASCINATING

sAurora - ‘aurora polaris’
- In the south ‘Aurora Australis’
- in the north ‘Aurora Borealis’

__ Aurora




\ http://sohodata.nascom.nasa.gov/cgi-bin/soho_movie theater (SOHO movie theatre)




Space Weather effects (cont’d)

*MALEVOLENT

at
Quebec, Canada (due to March
13, 1989 sever magnetic storm,
around 0244 LT)
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Satellite Tracking Problems
After March 13-14, 1989 Storm
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 PERCULIARITY OF SPACE-WEATHER EFFECTS |

e Variation in time scale
 Seasonal variation
e Geographical variation

e Solar cycle variation



SPACE WEATHER MONITORING

Evolving Heliophysics System Observatory
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Solar Heliospheric Observatory
(SOHO) (1995)

Advanced Compositio xarer
(ACE) (1997)

Solar Dynamlcs Observator% (SDO)
(2010)
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MAGDAS/CPMN (MAGnetlc Data Acquisition System/chum pan Pacific Magnetometer Network).
[Source: YUMOTO and the MAGDAS/CPMN Group (2009)]
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Status: Februrary 2014
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DIGISONDE 4D

Global distribution of digisondes (Global lonospheric Radio Observatory - GIRO) as at February 2014 (The
broken lines marks the magnetic EIA region) [Source: http://www.digisonde.com] (Accessed: March 22, 2014)
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HOW IMPORTANT 7

Three Senators introduced legislation on 19th April 2016 to clarify federal agency
responsibilities for space weather research and forecasting. Senators Gary Peters (D-Ml),
Cory Gardner (R-CO) and Cory Booker (D-NJ) introduced S. 2817, which allocates specific
roles to NOAA, DOD, NASA, NSF and the Department of Homeland Security (DHS)...
[UPDATE: The Senate Commerce committee announced it will mark up the bill on
Wednesday, April 27.]

= NOAA and DOD would provide operational space weather forecasts;

=NASA and NSF would conduct basic heliophysics research, develop next generation
technologies, and transfer findings, data and models to operational forecasters;

*NOAA would immediately begin planning for back-up solar observations to prevent a single
point of failure in the current satellite fleet (SOHO's age is of particular concern);

= the four agencies would begin planning for next-generation observations and science
missions;

= the agencies would develop space weather benchmarks to characterize the nature, frequency,
and intensity of expected space weather events; and

»the DHS would assess the vulnerability of critical infrastructure to space weather events.

http://www.spacepolicyonline.com/news/bipartisan-senate-bill-clarifies-space-weather-responsibilities-promotes-research (24Ap2016)




Space Research — comprising of fields such as Astronomy, Astrophysics,
Heliophysics, Aeronomy, lonospheric Physics, Magnetospheric Physics is
becoming very important.

Our sensitivity to magnetic activities going on in the solar interior marked
by its appearance is becoming more important. This is because our daily
lives is increasingly dependent on technologies (space-based and ground-
based), which are susceptible to Earth-directed solar events.

As well the exploration of our deep space for peaceful uses and better
understanding of our planet and solar system is also dependent on our
ability to predict space weather events.

Space weather events can cause HF radio blackout due to increased
Intensity of X-ray emission. It can destroy satellite electronics and cause
electrical due to penetration of solar energetic particles (SEP), astronauts
can also be exposed to lethal dose of radiation. Power grid operations can
be stalled and accuracy of navigation systems degraded.
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http://sohodata.nascom.nasa.gov/cgi-bin/soho_movie_theater (SOHO movie theatre)

http://www.swpc.noaa.gov/communities/space-weather-enthusiasts
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