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Space Environment:  This slide is divided into a top half and a bottom half.  The top portion of this slide reports space environment impacts to five major categories of space related operations.  These include: 1) HF communications, 2) Satellite Ops/Health, 3) Space Object Tracking/Satellite Drag, 4) High-Altitude Flight, and 5) Radar Interference/Anomalous Returns.

HF Communications:  This category depicts degradation of HF communications due to changes in the ionosphere where long-range HF signals are usually reflected.  Moderate or greater solar flares are considered in assessing the observed and forecast conditions.  These solar flares emit x-rays, which enhance the lower levels of the ionosphere resulting in absorption of HF signals.  Solar flares usually affect the lower portion of the HF spectrum, but can blackout the entire spectrum if sufficiently energetic.   Also considered in assessing or forecasting HF communications is the level of geomagnetic activity.  Strong geomagnetic activity often results in a decrease in the ionosphere’s ability to reflect HF signals.  Strong geomagnetic activity also leads to enhanced aurora in the northern and southern high latitudes that can significantly degrade HF communications.

UHF SATCOM Communications:  This category depicts degradation of UHF SATCOM communications due to changes in the ionosphere. UHF signals are transmitted through the ionosphere ("transionospheric") for communications to satellites. UHF scintillation occurs mainly in the equatorial region and the auroral region. In the equatorial region, the greatest impacts usally occur just after local sunset to approximately 0200L and have a seasonal dependence. During quiet geomagnetic activity, the scintillation is usually stronger, with moderate to strong geomagnetic activity working to suppress the equatorial UHF scintillation. Strong geomagnetic activity also leads to enhanced aurora in the northern and southern high latitudes which can significantly degrade UHF communications

Satellite Operations/Health:  This category depicts the potential for or observed degradation or damage to satellites themselves.  This damage or degradation usually results from particle interactions with the spacecraft.  Particles can deposit electrical charge on or within spacecraft and cause damage through a discharge, or can damage the satellite through collision or by overwhelming or disorienting the satellite’s sensors.  Information considered in determining the state of this category are the number and energy of particles in the space environment (e.g. increased by flares, coronal mass ejection, etc), geomagnetic activity which can enhance and accelerate particles in the space environment, and reported observations of satellite anomalies thought to be the result of the satellite environment.

Space Object Tracking/Satellite Drag:  This category indicates the observed and forecast potential for unexpected changes in the orbits of satellites.  Changes in satellite orbits result from an increase or decrease in the drag normally experienced at a satellite’s orbit.  This change in drag results from the heating or cooling of the upper atmosphere due to changes in the sun’s radiation output, or to geomagnetic activity. (Energy deposited in Earth’s upper atmosphere by EUV, x-ray, and charged particle bombardment heats the atmosphere, causing it to expand outward). 

High Altitude Flight:  This category indicates the maximum level of radiation exposure at an altitude of 67,000 ft.  It will be YELLOW for dose rates greater than 10 millirems/hr and RED for dose rates exceeding 100 millirems/hr.  This radiation is a product of cosmic rays from outside the solar system as well as very high-energy protons occasionally produced by explosive events on the sun.

Radar Interference/Anomalous Returns: This category depicts observed and forecast degraded operation of radars used to track objects in space.  Radio frequency bursts from the sun can cause interference to radars when the sun is in their field of view.  Additionally, anomalous returns can occur when geomagnetic activity disturbs the ionosphere.

These slides use a stoplight color scheme defined as follows. 

	GREEN
	The environment is unlikely to contribute to operational problems

	YELLOW
	The environment will cause moderate impacts to operations

	RED
	The environment will cause severe impacts to operations.


The bottom portion of this slide reports the space weather event that caused the impact to operations.  The events can be solar flares/ radio bursts, energetic particles, or geomagnetic storming.

Solar Activity:  This category shows the overall activity level of the sun and its likelihood to impact systems.  Criteria analyzed to determine the state of this category are the occurrence of moderate or greater X-ray flares and significant solar radio bursts.

Geomagnetic Activity:  This category shows the overall geomagnetic activity level of the Earth’s magnetic field.  A measured or forecast planetary geomagnetic activity index is used to determine the likelihood of system impacts.  Changes in the geomagnetic activity are caused by streams of solar particles interacting with the planet’s magnetic field.  These particles may have been increased by flares, coronal mass ejections, disappearing filaments, or coronal holes.

Charged Particle Environment:  This category shows the observed or forecast potential for system impacts from charged particles significantly above normal background levels.  Charged particle enhancements occur due to solar events or enhanced geomagnetic activity.   

The slide is also divided from left to right. The left portion of the slide represents activity, probable impacts and reported ipacts that were observed in the last fourteen days. This portion of the slide is only updated for the 00Z product. The right portion of the slide shows the forecast for the next three days. This portion of the slide is usually updated during the 18Z forecast, when most of the new data is available to the forecast center. The center columns represents the observed ("O") and Forecated ("F") conditions for the current day. It is updated throughout the day.
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6-Hour Forecast of Ionospheric Conditions Impacting UHF SATCOM

Description.  Graphical bulletin issued four times per day and valid for the following six hours; contains information on ultra-high frequency (UHF) radio propagation conditions.  Regions of forecasted marginal UHF operations highlighted in yellow (experiencing 4-10 db fade), and regions forecast to experience severely degraded (experiencing >10 db fade) UHF propagation highlighted in red. Use in tandem with UHF SATCOM Scintillation Nowcast and Forecast.  

Operational Impacts/Uses.  Customers can use this product for situational awareness and to develop planning guidance for operations using UHF and SATCOM systems.  Areas specified as being impacted represent the worst-case scenario for long-haul HF communications being attempted through the contoured region.  
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6-Hour Forecast of Ionospheric Conditions Impacting HF Propagation.

Description. Graphical bulletin issued four times per day and valid for the following six hours; contains information on high frequency (HF) radio propagation conditions and solar and terrestrial conditions that relate to or have an impact on HF communications.  Regions of forecasted marginal HF operations highlighted in yellow, and regions forecast to experience severely degraded HF propagation highlighted in red. The marginal HF implies impacts to frequencies up to 20 MHz, while the severely degraded HF operations implies impacts to the entire HF spectrum (up to 30 MHz).

Operational Impacts/Uses.  Customers can use this product for situational awareness and to develop planning guidance for operations using HF systems.  Areas specified as being impacted represent the worst-case scenario for long-haul HF communications being attempted through the contoured region.  Amber represents areas where frequencies up to 20 MHz may suffer degradation for upwards of 40 minutes. Red areas represent degradations of frequencies above 20 MHz for over 40 minutes.
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UHF SATCOM Scintillation Nowcast and Forecast

Description.  This product is a graphic map depicting the estimated potential amount of performance degradation (signal fading) of UHF SATCOM as a result of ionospheric scintillation.  Although DoD SATCOM uses the entire UHF radio band, these UHF Scintillation maps apply only to UHF SATCOM between 225 MHZ and 400 MHZ (the lower portion of the UHF spectrum is impacted more than the higher end).  Regions of light or weak degradation (1-4 dB) are in green, regions of moderate degradation (4-10 dB) are in yellow and regions of severe degradation (greater that 10 decibels) are in red. Use in tandem with 6-Hour Forecast of Ionospheric Conditions Impacting UHF SATCOM.
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Operational Impacts/Uses.  Customers can use this product for situational awareness and to develop planning guidance for operations using UHF and SATCOM systems. 
Point-to Point HF Radio Usable Frequency Forecasts.

Description.  Provides predictions of HF radio propagation conditions, including Maximum Usable Frequency (MUF), Frequency of Optimum Transmission (FOT), and Lowest Useable Frequency (LUF).  

Operational Impacts/Uses.  Customers can use this product to develop planning guidance as well as relatively precise mission-support information for operations using long-haul HF communications.  The equipment and signal paths used can be specified, allowing the user to customize this product for their particular needs,
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HF Illumination Maps Nowcast and Forecast

Description.  This product is designed to help HF operators better understand the HF propagation environment and to better react to ionospheric conditions to improve HF communications. It is also designed to help HF communicators select an operating frequency that will provide the greatest probability of successful communications. The map displays the signal strength, noise intensity, or signal-to-noise ratio on the ground.  The product is color-coded and visually displays zones of possible communications frequencies.
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Operational Impacts/Uses.  Customers can use this product for situational awareness and to develop planning guidance for operations using HF systems.  The output is frequency specific, and can be applied directly to long-haul HF communications being attempted from the transmitter location.  
Estimated Global Positioning Satellite (GPS) Single Frequency Error Maps --1-Hour Nowcast and Forecast

Description.  A graphical product that estimates near real-time positioning errors that result from inaccurate ionospheric correction for single-frequency GPS users. The product displays errors in total position (latitude, longitude, and height), horizontal position (latitude only), and altitude position (height only).  Product assumes a greater GPS error for hilly terrain than flat terrain.  Geometric data from 4 visible GPS satellites are used to create the product. GPS errors are color-coded and are displayed in meters. 

Operational Impacts/Uses.  Customers can use this product for situational awareness and to develop planning guidance for operations using single-frequency GPS systems.  It is important to note that the effects shown in this product do not apply to dual-frequency GPS systems.




WOXX50_KGWC - SHORT WAVE FADE EVENT WARNING

WOXX50 KGWC 110018

SUBJECT:  AFWA EVENT WARNING REPORT ISSUED AT 0018Z 11 MAR 2002

PART A.  SHORT WAVE FADE EVENT: THE SHORT WAVE FADE EVENT, WHICH BEGAN AT 2254Z10 MAR 2002 IS STILL IN PROGRESS, AS SOLAR X-RAY LEVELS REMAIN HIGH. 

PART B.  HIGH FREQUENCY RADIO COMMUNICATIONS AND INTERCEPT CAPABILITY IN DAYLIT AREAS OF THE GLOBE WILL EXPERIENCE SIGNAL FADES UP TO 12 MHZ FOR AN ADDITIONAL 60 MINUTES OR MORE. EFFECTS MAY LAST SOMEWHAT LONGER AT LOWER FREQUENCIES.   NO FURTHER UPDATES WILL FOLLOW UNLESS THIS EVENT EXTENDS BEYOND THE EXPECTED DURATION OR AN ADDITIONAL SHORT WAVE FADE OCCURS.

PART C.  REMARKS:

ISSUED BY THE AIR FORCE WEATHER AGENCY, OFFUTT AFB, NE.  IF YOU HAVE QUESTIONS OR REQUIRE FURTHER INFORMATION, CALL THE DUTY FORECASTER AT DSN 272-8087, COMMERCIAL 402-232-8087. INFORMATION CAN ALSO BE OBTAINED AT https://weather.afwa.af.mil UNDER THE SPACE WEATHER LINK.

Short Wave Fade Event Warning (WOXX50 KGWC)

Description.  Notifies customers of short-wave fades (affecting high-frequency (HF) communications).  

Operational Impacts/Uses.  Short wave fades cause a loss of communications on HF frequencies; instead of reflecting HF radio weaves, the ionosphere absorbs them.  Effects may last up to 30 minutes in a smaller event, and several hours in a large event.  Frequencies affected depend on the size of an event; in large events, the entire HF spectrum is affected.  High Frequency radio users may experience degradation at certain frequencies or a complete HF communication blackout. Length of time depends on location of transmitter/receiver, duration and intensity of X-ray event.  Also radar systems that utilize HF to even lower UHF band may experience anomalous returns (If the radar is pointed into the sun’s general direction during the time of the X-ray event).


WOXX55_KGWC - SOLAR X-RAY EVENT WARNING

WOXX55 KGWC 110817

SUBJECT:  AFWA EVENT WARNING REPORT ISSUED AT 0817Z 11 DEC 2001

PART A.  SOLAR X-RAY EVENT:

THE X-RAY EVENT WHICH BEGAN AT 0804Z 11 DEC 2001 REACHED A MAXIMUM OF X3 AT 0808Z 11 DEC 2001, AND FELL BELOW

X1 LEVEL AT 0815Z 11 DEC 2001.

PART B.  THIS EVENT AFFECTED HIGH FREQUENCY RADIO COMMUNICATIONS AND INTERCEPT CAPABILITY IN DAYLIT AREAS OF THE GLOBE. 

PART C.  REMARKS:

ISSUED BY THE AIR FORCE WEATHER AGENCY, OFFUTT AFB, NE. IF YOU HAVE QUESTIONS OR REQUIRE FURTHER INFORMATION, CALL THE  DUTY FORECASTER AT DSN 272-8087, COMMERCIAL 402-232-8087.  INFORMATION CAN ALSO BE OBTAINED AT https://weather.afwa.af.mil  UNDER THE SPACE WEATHER LINK.
Solar X-ray Event Warning (WOXX55 KGWC)

Description.  Messages sent when an X-ray event occurs.

Operational Impacts/Uses.  Short-wave fades for high frequency (HF) radio communications, where radio operators in most cases, will find HF unusable. Very large X-ray events can also damage satellite components, though this is rare.
WOXX51_KGWC - MAJOR SOLAR FLARE EVENT WARNING
WOXX51 KGWC 131445

SUBJECT:  AFWA EVENT WARNING REPORT ISSUED AT 1445Z 13 DEC 2001

PART A.  MAJOR SOLAR FLARE EVENT: AT 1430Z 13 DEC 2001 A SOLAR FLARE EQUALED OR EXCEEDED SIZE AND IMPORTANCE OF 3B.

PART B.  THIS EVENT WILL AFFECT HIGH FREQUENCY RADIO COMMUNICATIONS IN SUNLIT AREAS OF THE GLOBE.  THE FLARE WILL DECLINE TO PRE-EVENT  LEVELS DURING THE NEXT ONE TO TWO HOURS.

PART C.  REMARKS:

ISSUED BY THE AIR FORCE WEATHER AGENCY, OFFUTT AFB, NE. IF YOU HAVE QUESTIONS OR REQUIRE FURTHER INFORMATION, CALL THE DUTY FORECASTER AT DSN 272-8087, COMMERCIAL 402-232-8087. INFORMATION CAN ALSO BE OBTAINED AT https://weather.afwa.af.mil UNDER THE SPACE WEATHER LINK.

Major Solar Flare Event Warning (WOXX51 KGWC)

Description.  Notifies customers of significant solar flares.  Reports are issued when a USAF SOON site reports a flare of importance 3B or greater.  If there is no optical patrol (unable to observe the sun optically), a report is issued if the X-ray flux equals or exceeds X5.

Operational Impacts/Uses.
· Major solar flare, enhanced X-ray emission:

· HF systems operating in the sunlit hemi-sphere may experience short wave fades up to 30 MHz. Fades generally persist for less than one hour, but may persist much longer.

· LF and VLF systems operating through the sunlit hemisphere may experience sudden phase advances during the event.

· Major solar flare, enhanced radio frequency emission:

· VHF, UHF, and SHF systems operating in the sunlit hemisphere may experience radio frequency interference (RFI) during event.  Systems pointing sunward are especially susceptible to RFI.


WOXX54_KGWC - GEOMAGNETIC EVENT WARNING
WOXX54 KGWC 222010

SUBJECT:  AFWA EVENT WARNING REPORT ISSUED AT 2010Z 22 OCT 2001

PART A.  GEOMAGNETIC EVENT IN PROGRESS (UPDATE): 

THE GEOMAGNETIC FIELD IS AT SEVERE STORM LEVELS. THE 3-HOUR AP WAS 122 AND THE 24-HOUR AP WAS 72 AT 22/1915Z THE DISTURBANCE IS FORECAST TO CONTINUE AT SEVERE STORM LEVELS THROUGH THE NEXT 10 HOURS (BASED ON 24-HOUR AP) WHEN VALUES WILL DECREASE TO ACTIVE LEVELS.  THIS PRODUCT WILL BE UPDATED EVERY 6 HOURS UNTIL THIS EVENT ENDS.

PART B.

POSSIBLE EFFECTS ARE SATELLITE DRAG ON LOW EARTH ORBIT SATELLITES, SATCOM SCINTILLATION, HF RADIO COMMUNICATION INTERFERENCE OR

LAUNCH TRAJECTORY ERRORS.

PART C.  REMARKS: 

ISSUED BY THE AIR FORCE WEATHER AGENCY, OFFUTT AFB, NE. IF YOU HAVE QUESTIONS OR REQUIRE FURTHER INFORMATION, CALL THE

DUTY FORECASTER AT DSN 272-8087, COMMERCIAL 402-232-8087. INFORMATION CAN ALSO BE OBTAINED AT https://weather.afwa.af.mil  UNDER THE SPACE WEATHER LINK.


Geomagnetic Event Warning (WOXX54 KGWC)

Description.  Notifies customers of forecasted or observed geomagnetic disturbances.

Operational Impacts/Uses.
· HF systems operating in middle and auroral zones will experience Maximum Usable Frequency (MUF) depressions during the disturbance.  Long east-west paths (over 3000 km) extending poleward of ~55o may experience non-great circle propagation, multipathing, and auroral zone absorption.

· Poleward pointing HF/VHF/UHF radars, equatorward of the auroral zone, may observe enhanced clutter, interference, and false targeting.

· VHF and UHF space track radars operating through the auroral zone may experience unusual signal retardation and refraction, causing ranging and pointing errors.

· VHF, UHF and SHF satellite communication systems operating through the auroral zone may experience enhanced phase/amplitude scintillation.

· LF and VLF systems operating across the Auroral and Polar Regions may experience phase advances during the event.

· Geosynchronous and other high-altitude satellites may experience spacecraft charging, especially when in the midnight to sunrise sector.  Subsequent discharges may cause electrical upsets.  Similar charging problems may occur on low altitude satellites with inclinations transiting auroral latitudes.

· Low altitude polar orbiting satellites may experience increased atmospheric drag due to enhanced atmospheric density.  This effect will begin approximately 6 hours after the storm starts, and last until approximately 12 hours after the storm ends.


WOXX53_KGWC - ENERGETIC PARTICLE EVENT WARNING

WOXX53 KGWC 021125

SUBJECT:  AFWA EVENT WARNING REPORT ISSUED AT 1125Z 02 OCT 2001

PART A.  ENERGETIC PARTICLE EVENT END: THE SATELLITE-ALTITUDE ENERGETIC PARTICLE EVENT THAT BEGAN NEAR 0510Z 02 OCT 2001 HAS ENDED. 

THE PEAK 5-MIN AVERAGED FLUX OBSERVED DURING THE EVENT WAS:  GREATER THAN 50 MEV 25 P/CM2/SEC/STER AT 02/0845Z.  GREATER THAN 10 MEV 2360 P/CM2/SEC/STER AT 02/0810Z. NO FURTHER MESSAGES WILL BE SENT FOR THIS EVENT.

PART B.

THIS EVENT MAY HAVE PRODUCED SPACECRAFT CHARGING AND SENSOR CONTAMINATION OR DAMAGE, ESPECIALLY FOR GEOSYNCRONOUS OR

HIGH INCLINATION ORBITS.

PART C. REMARKS: ISSUED BY AIR FORCE WEATHER AGENCY, OFFUTT AFB, NE. IF YOU HAVE QUESTIONS OR REQUIRE FURTHER INFORMATION, CALL THE

DUTY FORECASTER AT DSN 272-8087, COMMERCIAL 402-232-8087.INFORMATION CAN ALSO BE OBTAINED AT https://weather.afwa.af.mil UNDER THE SPACE WEATHER LINK.


Energetic Particle Event Warning (WOXX53 KGWC)

Description.  Notifies customers of forecast or observed enhancements of energetic particles in the near-earth environment.

Operational Impacts/Uses.
·  Satellite-borne sensors may be contaminated, damaged or destroyed by direct collision with high-energy particles.

· Geosynchronous and other high-altitude satellites (or satellites in lower orbits, but with paths through the Auroral zones) may experience problems associated with 2 different anomaly sources:

· Internal charging and discharging associated with the energetic particle environment.

· Single event upsets (SEU) associated with the cosmic ray environment.

· High altitude aircraft, such as the Supersonic Transport, traversing polar latitudes may be exposed to enhanced radiation levels.

· High latitude HF communication (generally poleward of 55 degrees of latitude) will experience degraded or a complete blackout due to the increased ionization from the charged particles entering the auroral zone, termed as a PCA, Polar Cap Absorption event. Details outlined in 2.9.

· Spacecraft personnel, especially those engaged in extra-vehicular activity (EVA) in polar orbit, may be exposed to enhanced radiation levels.


WOXX52_KGWC - RADIO EVENT WARNING
WOXX52 KGWC 250908

SUBJECT:  AFWA EVENT WARNING REPORT ISSUED AT 0908Z 25 SEP 2001

PART A.

THE SOLAR RADIO EVENT WHICH BEGAN AT 0848Z 25 SEP  2001 CAUSED BURSTS OF:

  FREQUENCY (MHZ):       610

  PEAK FLUX (SFU):      5800

  TIME OBSERVED:       0852

PART B.

THIS EVENT COULD HAVE AFFECTED SPACECRAFT COMMAND AND CONTROL, CAUSED RADIO FREQUENCY INTERFERENCE, AND/OR INTERCEPT CAPABILITY.

PART C.  REMARKS:

ISSUED BY THE AIR FORCE WEATHER AGENCY, OFFUTT AFB, NE. IF YOU HAVE QUESTIONS OR REQUIRE FURTHER INFORMATION, CALL THE DUTY FORECASTER AT DSN 272-8087, COMMERCIAL 402-232-8087. INFORMATION CAN ALSO BE OBTAINED AT https://weather.afwa.af.mil UNDER THE SPACE WEATHER LINK.

Radio Event Warning (WOXX52 KGWC)

Description.  Notifies customers of significant solar radio bursts.  A preliminary report is issued when a solar radio burst above 5,000 SFU is detected.  This report provides the start time of the event.  A final report is issued when the event ends.  This report provides a list of frequencies on which bursts exceeding 5,000 SFU were observed, the peak flux, and the time of the peak.

Operational Impacts/Uses.
· Radars may experience interference, increased noise levels, and false targeting.

· Satellite communications may experience increased noise levels or loss of communications. 

NWXX50 KGWC - SOLAR RADIO BURST ADVISORY

NWXX50 KGWC 191527

SUBJECT:  AFWA ADVISORY REPORT ISSUED AT 1527Z 19 JAN 2002

PART A.  A SIGNIFICANT RADIO BURST IS IN PROGRESS

THE FOLLOWING SITES MAY EXPERIENCE INTERFERENCE: ANTIGUA, ASCENSION, BUCKLEY, CAPE COD, EGLIN, FYLINGDALE, KAPAUN, AND MILLSTONE.

PART B.  RADAR SYSTEMS MAY EXPERIENCE INCREASED NOISE LEVELS AND FALSE TARGETS.  SATELLITE COMMUNICATIONS MAY EXPERIENCE INCREASED NOISE LEVELS OR LOSS OF COMMUNICATIONS DUE  TO INTERFERENCE.

PART C.  REMARKS:

ISSUED BY THE AIR FORCE WEATHER AGENCY, OFFUTT AFB, NE.  IF YOU HAVE QUESTIONS OR REQUIRE FURTHER INFORMATION, CALL THE DUTY FORECASTER AT DSN 272-8087, COMMERCIAL 402-232-8087. INFORMATION CAN ALSO BE OBTAINED AT https://weather.afwa.af.mil UNDER THE SPACE WEATHER LINK.

Solar Radio Burst Advisory (NWXX50 KGWC)

Description.  Notifies customers of solar radio bursts that could cause radio frequency interference (RFI) on radar/telemetry equipment at selected locations. 

Operational Impacts/Uses.
Radar system may experience increased noise levels and false targets.

· Radar system may experience increased noise levels and false targets.

· Satellite communications may experience increased noise levels or loss of communications due to interference.
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