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Space weather: Storms from the Sun
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Solar storms can disrupt technologies on Earth

NOAA issues Alerts, Watches and Warnings
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Eruptions from the Sun’s surface can cause space weather storms that affect technology here on Earth.

The Sun is the center of the solar system and the most important energy source for life on Earth. From
time to time, the Sun emits bursts of radiation, high-speed electrons and protons, and other highly
energetic particles into space — phenomena known as space weather. If a large burst is directed at Earth,
these particles and radiation can disrupt the technologies we depend upon. These storms have the
potential to interfere with radio transmitters, satellite operations and communications, navigation and
GPS, and the electric power grid.

Sunspots Coronal Mass Ejections (CMEs)

Sunspots are comparatively cool areas at Large portions of the corona, or outer atmo-
upito7,7007 F and show the location of r sphere of the Sun, can be explosively blown
strong magnetic fields protruding wap SN into space, sending billions of tons of plasma, or
through whatwe would/see as the Sun’s 5 superheated gas, Earth’s direction. These CMEs

surface. Large, complex sunspot groups e 3 have their own magnetic field and can slam into
are generally the source of significant 48 BN and interact with Earth’s magnetic field,
space weather. \ ] resulting in geomagnetic storms, The fastest of X . i i i
AR =7 these CMEs can reach Earth in under a day, with Space weather refers to the variable conditions on the Sun and in the space environment that can influence the
the slowest taking 4 or 5 days to reach Earth. performance and reliability of space-based and ground-based technological systems, as well as endanger life or
health. Just like weather on Earth, space weather has its seasons, with solar activity rising and falling over an
approximate 11 year cycle.

SolarWind

The solar wind is a constant outflow of electrons Sun’s Magnetlc Field

and protons from the Sun, always present and Strong and ever-changing magnetic fields drive the life of the Sun and underlie
buffeting Earth’s magnetic field. The sunspots. These strong magnetic fields are the energy source for space weather
background solar wind flows at approximately and their twisting, shearing, and reconnection lead to solar flares.

one million miles per hour!

Solar Radiation Storms

Charged particles, incdluding electrons and protons, can be accelerated by coronal
mass ejections and solar flares, These particles bounce and gyrate their way
through space, roughly following the magnetic field lines and ultimately
bombarding Earth from every direction. The fastest of these particles can affect
Earth tens of minutes after a solar flare.
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Geomagnetic Storms

A geomagnetic storm is a temporary disturbance of Earth’s magnetic field typically
associated with enhancements in the solar wind. These storms are created when
the solar wind and its magnetic field interacts with Earth’s magnetic field. The
primary source of geomagnetic stormsis CMEs which stretch the magnetosphere
on the nightside causing it to release energy through magnetic reconnection.
Disturbances in the ionosphere (a region of Earth’s upper atomosphere) are
usually associated with geomagnetic storms.
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Solar Flares Earth’s Magnetic Field
Reconnection of the magnetic fields on the surface Earth’s magnetic field, largely like that of a bar magnet, gives the >
of the Sun drive the biggest explosions in our solar Earth some protection from the effects of the Sun. Earth’s ;
system. These solar flares release immense amounts magnetic field is constantly compressed on the day side and O Earth 238
of energy and resultin electromagnetic emissions stretched on the night side by the ever-present solar wind. g - &
spanning the spectrum from gamma rays to radio During geomagnetic storms, the disturbances to Earth’s

waves. Traveling at the speed of light, these magnetic field can become extreme. In addition to some buffer-

emissions make the 93 million mile trip to Earth in ing by the atmosphere, this field also offers some shielding from Compression S

just 8 minutes. the charged particles of aradiation storm. on the dayside
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NOAA'S paceWeather Prediction Center — wy

As conditions develop, forecasters at NOAA's Space Weather

Prediction.Center issue space weather alerts, watches, and warnings to

inform its users — electric grid operators, satellite operators, airlines 1989

and more — about what to expect, so they can take action and protect —The year a solar storm

infrastructure and the public. sent Quebec into

darkness/knocked out

Although rare, these strong geomagnetic storms, can require voltage
corrections by power grid operators and may trigger protection devices power for 9 hours.

similar to a circuit breaker. Extreme geomagnetic storms can damage high-voltage power transformers,
causing damage that could take days, weeks, or even longer to be repaired, depending on the size of the
power grid.
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lights). These colorful beams of dancing lights, typically seen moving across the polar skies, are the result
of electrons colliding with the upper reaches of the Earth’'s atmosphere. Here's the current aurora forecast,
issued by NOAA's Space Weather Prediction Center.
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