Another indicator of the level of solar activity is the flux of radio emission from the Sun at a wavelength of 10.7 cm (2.8 GHz frequency). This flux has been measured daily since 1947. It is an important indicator of solar activity because it tends to follow the changes in the solar ultraviolet that influence the Earth's upper atmosphere and ionosphere. Many models of the upper atmosphere use the 10.7 cm flux (F10.7) as input to determine atmospheric densities and satellite drag. F10.7 has been shown to follow the sunspot number quite closely and similar prediction techniques can be used. Our predictions for F10.7 are available in a text file, as a GIF image, and as a Postscript file. Current values for F10.7 can be found at: http://www.drao.nrc.ca/icarus/www/sol_home.shtml.
For other sunspot cycle predictions see: JoAnn Joselyn, Richard Thompson.

Solar flares are tremendous explosions on the surface of the Sun. In a matter of just a few minutes they heat material to many millions of degrees and release as much energy as a billion megatons of TNT. They occur near sunspots, usually along the dividing line (neutral line) between areas of oppositely directed magnetic fields.

Flares release energy in many forms - electro-magnetic (Gamma rays and X-rays), energetic particles (protons and electrons), and mass flows. Flares are characterized by their brightness in X-rays (X-Ray flux). The biggest flares are X-Class flares. M-Class flares have a tenth the energy and C-Class flares have a tenth of the X-ray flux seen in M-Class flares. The National Oceanic and Atmospheric Administration (NOAA) monitors the X-Ray flux from the Sun with detectors on some of its satellites. Observations for the last few days are available at NOAA's website for Today's Space Weather.

Flare Observations

Solar flares are often observed using filters to isolate the light emitted by hydrogen atoms in the red region of the solar spectrum (the H-alpha spectral line). Most solar observatories have H-alpha telescopes and some observatories monitor the Sun for solar flares by capturing images of the Sun every few seconds. The images at the left are from the Big Bear Solar Observatory. The image at the upper left shows material erupting from a flare near the limb of the Sun on October 10th, 1971. The 4.2MB mpeg movie of this flare shows how material is blasted off of the Sun within just a few minutes. The image at the lower left shows a powerful flare observed on the disk of the Sun on August 7th, 1972. This is an example of a "two-ribbon" flare in which the flaring region appear as two bright lines threading through the area between sunspots within a sunspot group. (See the 2.2MB mpeg movie.) This particular flare, the "seahorse flare," produced radiation levels that would have been harmful to astronauts if a moon mission had been in progress at the time.

Flares and Magnetic Shear

The key to understanding and predicting solar flares is the structure of the magnetic field around sunspots. If this structure becomes twisted and sheared then magnetic field lines can cross and reconnect with the explosive release of energy. In the image to the left the blue lines represent the neutral lines between areas of oppositely directed magnetic fields. Normally the magnetic field would loop directly across these lines from positive (outward pointing magnetic field) to negative (inward pointing magnetic field ) regions. The small line segments show the strength and direction of the magnetic field measured with the MSFC Vector Magnetograph. These lines and line segments overlie an image of a group of sunspots with a flaring region. The flare (the bright area) lies along a section of a neutral line where the magnetic field is twisted (or sheared) to point along the neutral line instead of across it. We have found that this shear is a key ingredient in the production of solar flares.

GEOMAGNETIC STORM.  A worldwide disturbance of the earth's magnetic field,

          distinct from regular diurnal variations.

          Minor Geomagnetic Storm:  A storm for which the Ap index was

               greater than 29 and less than 50.

          Major Geomagnetic Storm:  A storm for which the Ap index was

               greater than 49 and less than 100.

          Severe Geomagnetic Storm:  A storm for which the Ap index was

               100 or more.

          Initial Phase:  Of a geomagnetic storm, that period when there

               may be an increase of the MIDDLE-LATITUDE horizontal

               intensity (H).

          Main Phase:  Of a geomagnetic storm, that period when the hori-

               zontal magnetic field at middle latitudes is generally

               decreasing.

          Recovery Phase:  Of a geomagnetic storm, that period when the

               depressed northward field component returns to normal levels.

GEOPHYSICAL EVENTS. Flares (Importance two or larger) with Centimetric

          Outbursts (maximum of the flux higher than the Quiet Sun flux,

          duration longer 10 minutes) and/or strong SID. Sometimes these

          flares are followed by Geomagnetic Storms or small PCA. (Class M

          Flares)

SUDDEN IONOSPHERIC DISTURBANCE (SID).  HF propagation anomalies due to

          ionospheric changes resulting from solar FLAREs, PROTON EVENTs

          and GEOMAGNETIC STORMs.

GEOMAGNETIC STORM.  A worldwide disturbance of the earth's magnetic field,

          distinct from regular diurnal variations.

GROUND-LEVEL EVENT (GLE).  A sharp increase in ground-level COSMIC RAY count

          to at least 10% above background, associated with solar protons of

          energies greater than 500 MeV.  GLEs are relatively rare, occur-

          ring only a few times each SOLAR CYCLE.

H-ALPHA. This ABSORPTION LINE of neutral hydrogen falls in the red part of >

          the visible spectrum and is convenient for solar observations.

          The H-alpha line is universally used for patrol observations of

          solar flares.

IONOSPHERE.  The region of the earth's upper atmosphere containing a small

          percentage of free electrons and ions produced by photoioniza-

          tion of the constituents of the atmosphere by solar ultraviolet

          radiation at very short wavelengths (<1000 angstroms).  The

          ionosphere significantly influences radiowave propagation of fre-

          quencies less than about 30 MHz.

IONOSPHERIC STORM.  A disturbance in the F REGION of the IONOSPHERE, which

                    occurs in connection with geomagnetic activity.

K CORONA. Of the white-light CORONA (that is, the corona seen by the eye at a

          total solar eclipse), that portion which is caused by sunlight

          scattered by electrons in the hot outer atmosphere of the sun.

K INDEX.  A 3-hourly quasi-logarithmic local index of geomagnetic activity

          relative to an assumed quiet-day curve for the recording site.

          Range is from 0 to 9.  The K index measures the deviation of the

          most disturbed horizontal component.

KELVIN.   A unit of absolute temperature.

Kp INDEX. A 3-hourly planetary geomagnetic index of activity generated in

          Gottingen, Germany, based on the K INDEX from 12 or 13 stations

          distributed around the world.

MeV.      Mega (million) electronvolt.  A unit of energy used to describe the

          total energy carried by a particle or photon.

MEDIUM FREQUENCY. (MF).  That portion of the radio frequency spectrum from 0.3

          to 3 MHz.

PROTON.   Solar activity levels with at least on high energy event (Class X

          Flares)

PROTON EVENT.  By definition, the measurement of at least 10

          protons/sq.cm/sec/steradian at energies greater than 10 MeV.

PROTON FLARE.  Any FLARE producing significant FLUXes of greater-than-10 MeV

          protons in the vicinity of the earth.

RADIO EMISSION.  Emissions of the sun in radio wavelengths from centimeters

          to dekameters, under both quiet and disturbed conditions.

          Type I.  A noise storm composed of many short, narrow-band bursts

               in the metric range (300 - 50 MHz).

          Type II.  Narrow-band emission that begins in the meter range

               (300 MHz) and sweeps slowly (tens of minutes) toward deka-

               meter wavelengths (10 MHz).  Type II emissions occur in

               loose association with major FLAREs and are indicative of

               a shock wave moving through the solar atmosphere.

          Type III.  Narrow-band bursts that sweep rapidly (seconds) from

               decimeter to dekameter wavelengths (500 - 0.5 MHz).  They

               often occur in groups and are an occasional feature of complex

               solar ACTIVE REGIONs.
          Type IV.  A smooth continuum of broad-band bursts primarily in the

               meter range (300 - 30 MHz).  These bursts are associated with

               some major flare events beginning 10 to 20 minutes after the

               flare maximum, and can last for hours.

RADIO EVENT. Flares with Centimetric Bursts and/or definite Ionospheric Event

          (SID).

SMOOTHED SUNSPOT NUMBER.  An average of 13 monthly RI numbers, centered on

          the month of concern.

SOLAR CYCLE.  The approximately 11-year quasi-periodic variation in frequency

          or number of solar active events.

SOLAR MAXIMUM.  The month(s) during the SOLAR CYCLE when the 12-month mean

          of monthly average SUNSPOT NUMBERS reaches a maximum.  The most

          recent solar maximum occurred in July 1989.

SOLAR MINIMUM.  The month(s) during the SOLAR CYCLE when the 12-month mean

          of monthly average SUNSPOT NUMBERS reaches a minimum.

          the most recent minimum occurred in September 1986.

SOLAR SECTOR BOUNDARY (SSB).  The apparent solar origin, or base, of the

          interplanetary SECTOR BOUNDARY marked by the larger-scale polarity

          inversion lines.

SOLAR WIND.  The outward flux of solar particles and magnetic fields from the 

                sun.  Typically, solar wind velocities are near 350 km/s.

SPORADIC E.  A phenomenon occurring in the E REGION of the

          IONOSPHERE, which significantly affects HF radiowave

          propagation. Sporadic E can occur during daytime or nighttime

          and it varies markedly with latitude.

SUNSPOT GROUP CLASSIFICATION (Modified Zurich Sunspot Classification).

          A -  A small single unipolar SUNSPOT or very small group of

               spots without PENUMBRA.

          B -  Bipolar sunspot group with no penumbra.

          C -  An elongated bipolar sunspot group.  One sunspot must have

               penumbra.

          D -  An elongated bipolar sunspot group with penumbra on both ends

               of the group.

          E -  An elongated bipolar sunspot group with penumbra on both

               ends.  Longitudinal extent of penumbra exceeds 10 deg. but

               not 15 deg.

          F -  An elongated bipolar sunspot group with penumbra on both

               ends.  Longitudinal extent of penumbra exceeds 15 deg.

          H -  A unipolar sunspot group with penumbra.

SUNSPOT NUMBER.  A daily index of SUNSPOT activity (R), defined as

          R = k (10 g + s) where S = number of individual spots, g =

          number of sunspot groups, and k is an observatory factor.

X-RAY BACKGROUND.  A daily average background X-ray flux in the 1 to 8

          angstrom range.  It is a midday minimum designed to reduce the

          effects of >FLAREs.

X-RAY BURST.  A temporary enhancement of the X-ray emission of the sun.  The

          time-intensity profile of soft X-ray bursts is similar to that of

          the H-ALPHA profile of an associated FLARE.

X-RAY FLARE CLASS.  Rank of a FLARE (FLARE.A sudden eruption of energy on the solar DISK lasting minutes to) hours, from which radiation and particles are emitted. based on its X-ray energy output.  Flares are classified by the order of magnitude of the peak burst inten-sity (I) measured at the earth in the 1 to 8 angstrom band as follows:

             Class          (in Watt/sq. Meter)

               B              I < 1.0E-06

               C              1.0E-06 <= I <= 1.0E-05

               M              1.0E-05 <= I <= 1.0E-04

               X              I >= 1.0E-04

ZURICH SUNSPOT CLASSIFICATION.  A sunspot classification system that has been

          modified for SESC use.

Solar Effects at Earth

Some major terrestrial results of solar variations are the aurora, proton events, and geomagnetic storms

Aurora

The aurora is a dynamic and visually delicate manifestation of solar-induced geomagnetic storms. The solar wind energizes electrons and ions in the magnetosphere. These particles usually enter Earth's upper atmosphere near the polar regions. When the particles strike the molecules and atoms of the thin, high atmosphere, some of them start to glow in different colors. 

Aurorae begin between 60 and 80 degrees latitude. As a storm intensifies, the aurorae spread toward the equator. During an unusually large storm in 1909, an aurora was visible at Singapore, on the geomagnetic equator. The aurorae provide pretty displays, but they are just a visible sign of atmospheric changes that may wreak havoc on technological systems. 

Proton Events

Energetic protons can reach Earth within 30 minutes of a major flare's peak. During such an event, Earth is showered energetic solar particles (primarily protons) released from the flare site. Some of these particles spiral down Earth's magnetic field lines, penetrating the upper layers of our atmosphere where they produce additional ionization and may produce a significant increase in the radiation environment. 

Geomagnetic Storms

One to four days after a flare or eruptive prominence occurs, a slower cloud of solar material and magnetic fields reaches Earth, buffeting the magnetosphere and resulting in a geomagnetic storm. These storms are extraordinary variations in Earth's surface magnetic field. During a geomagnetic storm, portions of the solar wind's energy is transferred to the magnetosphere, causing Earth's magnetic field to change rapidly in direction and intensity and energize the particle populations within it. 

Disrupted Systems

Communications 

Many communication systems utilize the ionosphere to reflect radio signals over long distances. Ionospheric storms can affect radio communication at all latitudes. Some radio frequencies are absorbed and others are reflected, leading to rapidly fluctuating signals and unexpected propagation paths. TV and commercial radio stations are little affected by solar activity, but ground-to-air, ship-to-shore, Voice of America, Radio Free Europe, and amateur radio are frequently disrupted. Radio operators using high frequencies rely upon solar and geomagnetic alerts to keep their communication circuits up and running. 

Some military detection or early-warning systems are also affected by solar activity. The Over-the-Horizon Radar bounces signals off the ionosphere in order to monitor the launch of aircraft and missiles from long distances. During geomagnetic storms, this system can be severely hampered by radio clutter. Some submarine detection systems use the magnetic signatures of submarines as one input to their locating schemes. Geomagnetic storms can mask and distort these signals. 

The Federal Aviation Administration routinely receives alerts of solar radio bursts so that they can recognize communication problems and forego unnecessary maintenance. When an aircraft and a ground station are aligned with the Sun, jamming of air-control radio frequencies can occur. This can also happen when an Earth station, a satellite, and the Sun are in alignment. 

Navigation Systems Systems such as LORAN and OMEGA are adversely affected when solar activity disrupts their signal propagation. The OMEGA system consists of eight transmitters located through out the world. Airplanes and ships use the very low frequency signals from these transmitters to determine their positions. During solar events and geomagnetic storms, the system can give navigators information that is inaccurate by as much as several miles. If navigators are alerted that a proton event or geomagnetic storm is in progress, they can switch to a backup system. GPS signals are affected when solar activity causes sudden variations in the density of the ionosphere. 

Satellites 

Geomagnetic storms and increased solar ultraviolet emission heat Earth's upper atmosphere, causing it to expand. The heated air rises, and the density at the orbit of satellites up to about 1000 km increases significantly. This results in increased drag on satellites in space, causing them to slow and change orbit slightly. Unless low-Earth-orbit satellites are routinely boosted to higher orbits, they slowly fall, and eventually burn up in Earth's atmosphere. 

Skylab is an example of a spacecraft re-entering Earth's atmosphere prematurely as a result of higher-than-expected solar activity. During the great geomagnetic storm of March 1989, four of the Navy's navigational satellites had to be taken out of service for up to a week. 

As technology has allowed spacecraft components to become smaller, their miniaturized systems have become increasingly vulnerable to the more energetic solar particles. These particles can cause physical damage to microchips and can change software commands in satellite- borne computers. 

Differential Charging. Another problem for satellite operators is differential charging. During geomagnetic storms, the number and energy of electrons and ions increase. When a satellite travels through this energized environment, the charged particles striking the spacecraft cause different portions of the spacecraft to be differentially charged. Eventually, electrical discharges can arc across spacecraft components, harming and possibly disabling them. Bulk Charging. Bulk charging (also called deep charging) occurs when energetic particles, primarily electrons, penetrate the outer covering of a satellite and deposit their charge in its internal parts. If sufficient charge accumulates in any one component, it may attempt to neutralize by discharging to other components. This discharge is potentially hazardous to the satellite's electronic systems. 

Radiation Hazards to Humans 

Intense solar flares release very-high-energy particles that can be as injurious to humans as the low-energy radiation from nuclear blasts. Earth's atmosphere and magnetosphere allow adequate protection for us on the ground, but astronauts in space are subject to potentially lethal dosages of radiation. The penetration of high-energy particles into living cells, measured as radiation dose, leads to chromosome damage and, potentially, cancer. Large doses can be fatal immediately. Solar protons with energies greater than 30 MeV are particularly hazardous. In October 1989, the Sun produced enough energetic particles that an astronaut on the Moon, wearing only a space suit and caught out in the brunt of the storm, would probably have died. (Astronauts who had time to gain safety in a shelter beneath moon soil would have absorbed only slight amounts of radiation.) 

Solar proton events can also produce elevated radiation aboard aircraft flying at high altitudes. Although these risks are small, monitoring of solar proton events by satellite instrumentation allows the occassional exposure to be monitored and evaluated. 

Geologic Exploration 

Earth's magnetic field is used by geologists to determine subterranean rock structures. For the most part, these geodetic surveyors are searching for oil, gas, or mineral deposits. They can accomplish this only when Earth's field is quiet, so that true magnetic signatures can be detected. Other surveyors prefer to work during geomagnetic storms, when the variations to Earth's normal subsurface electric currents help them to see subsurface oil or mineral structures. For these reasons, many surveyors use geomagnetic alerts and predictions to schedule their mapping activities. 

Electric Power 

When magnetic fields move about in the vicinity of a conductor such as a wire, an electric current is induced into the conductor. This happens on a grand scale during geomagnetic storms. Power companies transmit alternating current to their customers via long transmission lines. The nearly direct currents induced in these lines from geomagnetic storms are harmful to electrical transmission equipment. On March 13, 1989, in Montreal, Quebec, 6 million people were without commercial electric power for 9 hours as a result of a huge geomagnetic storm. Some areas in the northeastern U.S. and in Sweden also lost power. By receiving geomagnetic storm alerts and warnings, power companies can minimize damage and power outages. 

Pipelines 

Rapidly fluctuating geomagnetic fields can induce currents into pipelines. During these times, several problems can arise for pipeline engineers. Flow meters in the pipeline can transmit erroneous flow information, and the corrosion rate of the pipeline is dramatically increased. If engineers unwittingly attempt to balance the current during a geomagnetic storm, corrosion rates may increase even more. Pipeline managers routinely receive alerts and warnings to help them provide an efficient and long-lived system. 

Climate 

The Sun is the heat engine that drives the circulation of our atmosphere. Although it has long been assumed to be a constant source of energy, recent measurements of this solar constant have shown that the base output of the Sun can vary by up to two tenths of a percent over the 11-year solar cycle. Temporary decreases of up to one-half percent have been observed. Atmospheric scientists say that this variation is significant and that it can modify climate over time. Plant growth has been shown to vary over the 11-year sunspot and 22-year magnetic cycles of the Sun, as evidenced in tree-ring records. 

While the solar cycle has been nearly regular during the last 300 years, there was a period of 70 years during the 17th and 18th centuries when very few sunspots were seen (even though telescopes were widely used). This drop in sunspot number coincided with the timing of the little ice age in Europe, implying a Sun- to-climate connection. Recently, a more direct link between climate and solar variability has been speculated. Stratospheric winds near the equator blow in different directions, depending on the time in the solar cycle. Studies are under way to determine how this wind reversal affects global circulation patterns and weather. 

During proton events, many more energetic particles reach Earth's middle atmosphere. There they cause molecular ionization, creating chemicals that destroy atmospheric ozone and allow increased amounts of harmful solar ultraviolet radiation to reach Earth's surface. A solar proton event in 1982 resulted in a temporary 70% decrease in ozone densities. 

Biology 

There is a growing body of evidence that changes in the geomagnetic field affect biological systems. Studies indicate that physically stressed human biological systems may respond to fluctuations in the geomagnetic field. Interest and concern in this subject have led the Union of Radio Science International to create a new commission entitled Electromagnetics in Biology and Medicine. 

Possibly the most closely studied of the variable Sun's biological effects has been the degradation of homing pigeons' navigational abilities during geomagnetic storms. Pigeons and other migratory animals, such as dolphins and whales, have internal biological compasses composed of the mineral magnetite wrapped in bundles of nerve cells. While this probably is not their primarily method of navigation, there have been many pigeon race smashes, a term used when only a small percentage of birds return home from a release site. Because these losses have occurred during geomagnetic storms, pigeon handlers have learned to ask for geomagnetic alerts and warnings as an aid to scheduling races. 

Conclusion

It has been realized and appreciated only in the last few decades that solar flares, CMEs, and magnetic storms affect people and their activities. The list of consequences grows in proportion to our dependence on technological systems. The subtleties of the interactions between Sun and Earth, and between solar particles and delicate instruments, have become factors that affect our well being. Thus there will be continued and intensified need for space environment services to address health, safety, and commercial needs. 
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Flare Classification 
A flare is a sudden eruption of energy in the solar atmosphere, lasting minutes to hours, from which radiation and, sometimes, particles are emitted. Flares are classified on the basis of area at the time of maximum brightness as observed in the hydrogen-alpha wavelength (656.3 nm). 

The following table shows flare importance and the associated corrected flare area in millionths of the solar hemisphere: 

  

	Importance 0
	>10 to <100 (Subflare)

	Importance 1
	>100 to <250

	Importance 2
	>250 to <600 

	Importance 3
	>600 to <1200

	Importance 4
	>1200 


A brightness qualifier of (F) faint, (N) normal, or (B) brilliant is generally appended to the importance character. 

0F would be the smallest, dimmest classification of a flare; 4B would indicate the largest, brightest classification. 

The Space Environment Center also classifies flares by their x-ray intensity. X-ray flare classification is based on a flare's maximum x-ray power output (data received from the GOES satellite) according to the order of magnitude of the peak burst intensity (I), measured at Earth in the 0.1 to 0.8 NM band as follows: 
  

	 
	Peak Flux Range (0.1-0.8 NM) 
	 

	Classification
	mks system (W m-2) 
	cgs system (erg cm-2 s-1)

	B
	I < 10-6
	I < 10-3

	C
	10-6< I < 10-5
	10-3 < I < 10-2 

	M
	10-5 < I < 10-4
	10-2 < I < 10-1

	X
	10-4 < I 10-1
	10-4 < I 10-1 


Five standard terms are used to describe the general level of solar activity: 

  

	Very Low
	Just < C-class x-ray events

	Low
	C-class x-ray events 

	Moderate
	Isolated (1 to 4) M-class x-ray events

	High
	Several (> 5) M-class x-ray events, or isolated (1 to 4) M5 or greater x-ray events

	Very High
	Several (> 5) M5 or greater x-ray events


