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Weather: all around us, all the time




Space weather: all around us, all the time




Solar flaring and the connection to geospace:
discovered in 1859

On a curious Appearance seen in the Sun.

By R. Hodgszon, Esq.

“ While obszerving a group of solar spots on the Ist Sep-
tember, T was sudden y surprised at the appearance of a very
_brilliant star of light, much brighter than the sun’s surface,
most dazzling to the protected eye, 1lluminating the upper edges
of the nd\;ncvnt spots and streaks, not unlike in “effect the edomrr
of the clouds at sunset; the rays extended in all directions; ; and

Description of a Singular Appearance seen in the Sun on [ hrdﬂ’?f‘”;“ tue
September 1, 1859. By R. C. Carrington, Esq. ge telescope with
s, and disappeared
While engaged in the forenoon of Thursday, Sept. 1, in fpe used, an equa-
taking my customary observation of the forms and positions f
of the solar spots, an appearance was witnessed which I believe
to be exceedingly rare. The image of the sun’s disk was,
as usual with me, projected on to a plate of glass coated with
distemper of a pale straw colour, and at a distance and under a
power which presented a picture of about 11 inches diameter.
I had secured diagrams of all the groups and detached spots,
and was enﬂa"cd at the time in counting from a chronometer
and n.(tunhug “the contacts of the spots With the cross-wires
used in the observation, when within the arca of the great
north group (the size of which had previously excited general
run.ark) two patches of intensely bright and white l-wht broke
out, in the positions indicated in the appended d.:wmm by the
letters A and B, and of the forms of the spaces left white. My
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first impression was that by some chance a ray of light had
penetr ated « hole in the screen attached to the object-glass, by
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“OCOSPAR/ILWS Charge

The RoadMap

focuses on high-priority challenges in key areas of research

[I. leading to a better understanding of the space environment and

[II. a demonstrable improvement in the provision of timely, reliable
information

[V. pertinent to effects on civilian space- and ground-based systems,

V. for all stakeholders around the world.

The RoadMap prioritizes those advances that can be made on short,
intermediate and decadal time scales, identifying gaps and opportunities
from a predominantly, but not exclusively, geocentric perspective.

“Space weather refers to the variable state of the coupled space environment
related to changing conditions on the Sun and in the terrestrial atmosphere.”

e-Home: https://cosparhqg.cnes.fr/scientific-structure/cospar-scientific-roadmaps
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Fundamental questions

What will leave the Sun?
How will things evolve en-route to geospace?
What will it cause to happen in geospace?
How will that affect technology?

How can that affect society?

How can society respond to the threat?
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Highest-priority recommendations
in brief

In a collaborative international effort;

Research: observational, computational, and theoretical needs

1. “Augment the system observatory”

2. “Initial focus: Know what B is coming”

3. “Initial focus: Establish the GDM-GIC response”
4. “Quantify conditions to expect”

Teaming: coordinated collaborative research environment

[. “Uncover susceptibility”
II. “Focus resources”
III. “Ease access to data”
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Recommendations by pathway

on observational, computational, and theoretical needs

Pathway I: ... for impacts of GMD/GIC on electrical systems

to obtain >1d forecasts of incoming CME field, and anticipated geomagnetic response,
and ionospheric disturbances.

Pathway Il: ... for the particle environment of (aero)space assets

to improve environmental specification and near-real-time conditions

Pathway lll: ... to enable pre-event forecasts of flares and SEPs

~ to enable short-term forecasts, including all-clear conditions,
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Recommendations by pathway

on observational, computational, and theoretical needs

Propagation of solar eruption through heliosphere
Prediction of magnetospheric-ionospheric response

A N

Radiation-belt energization and losses
Energization and propagation of solar energetic particles

Prediction of solar eruptions for spectral irradiance and for solar energetic particles
Prediction of geospace responses to these solar inputs
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Differential needs and feasibilities

Recommendation for next steps towards meeting user needs,
grouped to enable advances on phased paths.
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Pathway |: observational, computational, and theoretical
needs to forecast GIC effects more than 12hrs ahead

Deployment of new/additional instrumentation:

1-3: Global corona to drive
models for the solar-wind
plasma and field

I-4: Quantification

of the state of thé *
magnetosphere- Alrorl Imaging

ionosphere system ( ¥

-

www.nasa.gov
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Pathway Il: observational, computational, and theoretical needs
for the radiation-belt environment

Deployment of new/additional instrumentation:

ll: Data-driven dynamic
___radiation-belt modeling

1-3: Global corona to drive
models for the solar-wind

plasma and field
|-4: Quantification

of the state of thé

ionosphere system ( ¥

-

www.nasa.gov
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Pathway Ill: observational, computational, and theoretical
needs to enable pre-event forecasts of flares and SEPs

Deployment of new/additional instrumentation:

ll: Data-driven dynamic
radiation-belt modeling
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Deployment of new/additional instrumentation,
to add to existing observational resources and to
modeling capabilities to be developed soon:

ll: Data-driven dynamic
radiation-belt modeling
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We live in the changing dtmosphere of a poWerfuI neighbor:
space weather and its impacts are there all the time! *

Domain volume, non-linearities, multi-brocess and cross-scale
couplings, and hystereses require focused study before we
can claim understanding « and before we can expect to
reliably” forecast.

| »
| Major advances dre possible with moderate investments in .
. critical, state-of-the-art observations and models, through
inter-agency, mter—natlonal coordination, strengthening the.
ex:stmg Sun-Earth system observatory and the modeling
capabilities that it enables.
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