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VI - USA

A:  GEOSTATIONARY - GOES SERIES

The National Environmental Satellite, Data and Information Service (NESDIS) is a branch of the U.S. National Oceanic and Atmospheric Administration (NOAA).  Its mission is to provide and ensure timely access to global environmental data from satellites and other sources to promote, protect, and enhance the Nation's economy, security, environment, and quality of life.  To fulfil its responsibilities NESDIS acquires and manages the Nation's operational environmental satellites, provides data and information services, and conducts related research.
1.
GEOSTATIONARY OPERATIONAL ENVIRONMENTAL SATELLITES


The Geostationary Operational Environmental Satellite (GOES) system includes multiple spacecraft supported by an Earth-located Command and Data Acquisition (CDA) station and data-processing centres, from which mapped images and other data products are retransmitted via land lines and satellite data relay.

1.1
System outline, status and plans

1.1.1
GOES satellite system


An overview of the complete GOES system is presented in Figure 1 and comprises the following sub-systems:


The space sub-system


To observe the United States, stretching from 67oW (Maine) to 160o W (Hawaii), NESDIS normally maintains two operational spacecraft in geostationary equatorial orbit, one at 75o W (above the Columbia-Ecuador border), the other north of the Marquesas at 135o W and one on-orbit spare located between the two operational satellites near 105o W.  Two satellites, orbiting at 35,800 km altitude, allow Earth observations from Alaska to the Antarctic, and from Guam to West Africa.


The ground sub-system


Major ground facilities for GOES data handling include: (a) the Command and Data Acquisition Station at Wallops Island, Virginia; (b) the image-data ingest processor and NOAA Central Computer Facilities, which are co-located at Suitland, Maryland, with the Satellite Operations Control Centre; and, (c) the Satellite Environmental Processing System (SATEPS), housed at the World Weather Building in Marlow Heights, Maryland, several kilometres distant from Suitland.

1.1.2
Current system status; management and control


Status Overview

The current Geostationary Operational Environmental Satellites (GOES) are three-axis stabilized spacecraft in geosynchronous orbits.  The current primary satellites, GOES-8 and GOES-10, are stationed over the east and west coasts of the United States.  These satellites are used to provide simultaneous images and soundings of the Western Hemisphere.  GOES-11 was launched in May of 2000 and will be placed in the storage mode in August.  The GOES 11 spacecraft will be stored in orbit near GOES 9 and will be ready for the replacement of the older operational spacecraft if necessary.  GOES-2, GOES-3 and GOES-7, spin-stabilized satellites from the previous GOES series, continue a track record of more than 55 years of combined service via continued support of non-NOAA users in a data relay mode (non-imaging).


GOES 8, 9, 10, and 11 

GOES-8, launched in April 1994, is stationed over the East Coast of the United States at 75°W. The first of the series, GOES-8 retains the ability to provide the full range of products, although with some loss of redundancy of backup systems.
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Figure VI-1
An overview of the complete GOES system.


Both of the GOES-8 primary instruments are providing operational data; however one of the servo motor windings in the Sounder instrument failed in August 1994.  The winding failure is believed to be a result of stresses induced by a combination of motor material incompatibilities and elevated temperatures, which occur primarily at spacecraft midnight.  Data products are unaffected due to the use of a redundant coil, but due to a similar failure on GOES-9, the servo motors have been redesigned for all future GOES spacecraft.


The GOES-8 spacecraft bus continues to operate nominally with some loss of redundancy.  Due to the location and mechanical mounting of the Attitude and Orbit Control Electronics (AOCE), the two AOCEs are susceptible to electrostatic discharge (ESD) events at specific times each year.  Since launch, six ESD events have occurred on GOES-8.  These events usually manifest themselves as soft (i.e., correctable) upsets to RAM locations, but on one occasion in April of 1996, a hard error occurred where the ability to address a quarter of the RAM locations on the primary AOCE was lost.  Operations have been nominal on the backup AOCE since the anomaly.  As a result of some of the earlier ESD events, some design modifications were made to all future GOES spacecraft before launch.  To date, no ESD events have been experienced on GOES-9, GOES-10, or GOES 11.


On 9 January 1997, the tachometer output from one of the two primary momentum wheels (Momentum Wheel #1) was lost.  As a result, the AOCE lost the ability to control the wheel, and on 10 January, a redundant reaction wheel was activated.  Since that time, the spacecraft has operated nominally in the backup control mode and investigations are underway to recover some limited usage of Momentum Wheel #1.


On 27 October 1998 the GOES 8 earth sensor # 2 failed.  As a result, a spacecraft loss of attitude lock occurred and the safe hold mode was entered.  Subsequent analysis revealed that the earth sensor was generating erratic error signals and was isolated to the earth sensor component.  Within 24 hours, the spacecraft was recovered using the redundant earth sensor (earth sensor # 1) and has continued to provide nominal performance.


GOES-10 is the operational West Coast satellite at 135° W.  Shortly after launch in April 1997, GOES-10 suffered a near-fatal anomaly when its solar array stopped moving, either due to a gear train jam or due to an external jam.  The anomaly was studied over a period of months, and it was decided to invert the satellite (180 degrees in relation to the Earth) and run the array drive in the reverse direction to track the sun.  This operational strategy was coupled with extensive ground and spacecraft software modifications to allow the imagery to look “non-flipped” to the users.


The GOES-11 spacecraft was successfully launched on 3 May 2000 and will be used as the primary replacement in the event of a failed operational spacecraft.  The GOES-11 orbit raising sequence was executed flawlessly and entered the operational mode on 14 May  2000.  The first full disk visible image was taken on 18 May 2000.  This was followed by the standard post launch characterization and performance tests.  In addition, one month of special science testing was performed for the National Weather Service.  The checkout period has demonstrated that the spacecraft is ready to provide products when necessary.  On 14 August 2000, GOES-11 will be placed in a passive spin stabilized storage mode at 105 degrees west.  In the event that GOES-8 or GOES-10 should fail or run out of fuel, GOES-11 could be activated and be made operational within 48 hours.


Launched in May 1995, GOES-9 is now in a Z-axis Precession (ZAP) mode, a spin-stabilized storage mode that minimizes use of life-limited spacecraft components and requires little operator intervention. In the summer of 1998, GOES-9’s momentum wheels started to show signs of significant lubrication starvation.  GOES-9 was put into storage mode in anticipation of imminent wheel failure.  Currently located at 105 degrees W, GOES-9 can be called up to replace either GOES-8 or GOES-10 in the event of a spacecraft failure.


GOES 7, 3, and 2


Launched in February 1987, GOES-7 completed almost nine years of operational service with a final operational image on 11 January 1996 (after GOES-9 was declared fully operational).  GOES-7 was last called into service to support the relay of operational weather data during the GOES-8 wheel tachometer failure in January 1997.  GOES-7 is currently located over the Pacific to support data relay requirements for the University of Hawaii’s Pan-Pacific Educational and Cultural Satellite (PEACESAT) Program as a replacement to GOES-2.


Due to a highly inclined geostationary orbit (approximately 12°), GOES-3 is currently able to support data relay requirements to the South Pole Station for the National Science Foundation (NSF).  As mentioned above, GOES-2 is currently supporting data relay requirements for the University of Hawaii’s PEACESAT Program.  Neither GOES-2 nor GOES-3 have any remaining imaging capabilities.


GOES M


GOES-M will complete system-level thermal vacuum testing in October, 2000, and is scheduled to be available for a planned launch in the July 2001 time frame.  It has accommodation for a Solar X-ray Imager (SXI).  The SXI instrument will stare at the Sun continuously and provide images in up to eight X-ray energy bands.  Other instrumentation is similar to that on GOES-10.  One important change is in the Imager channels.  One channel at 12.0 micrometers will be replaced with one at 13.3 micrometers in order to better establish the height of winds for tropical storm predictions and for more accurate cloud optical properties.  In addition, the horizontal resolution of the 6.7 micrometer water vapour channel will be improved from 8 km to 4 km.


GOES N, O, P, and Q


The first two spacecraft, GOES N and O, are in the hardware development and integration phase.  The first set of Imager and Sounder instruments is scheduled for delivery in early 2001.  The completed GOES-N spacecraft is scheduled to be available for launch in October 2002 and GOES-O in April 2004.  Contractual options for GOES-P and GOES-Q are not yet exercised.


Instrumentation will continue with the present five channel Imagers and filter wheel Sounders on GOES-N, O, and P.  At least two SXI instruments will fly on the GOES N-Q series.  Horizontal resolution of these Imagers will be improved to 4 km in all IR channels, including the 13.3 micrometer channel.  GOES-Q will have the first of an eight to ten channel Advanced Baseline Imager (ABI) along with the current filter wheel sounder.  An interferometer-type Advanced Baseline Sounder (ABS) is planned to be available for launch on the 2010 time frame.

GOES-R and beyond


Initial planning for the series beginning with GOES-R is underway.  Expectations are for satellites and instruments with seven-year lifetimes rather that the current five-year lifetimes and a series of ABI and ABS instruments.

1.1.3
Future plans

1.1.3.1
Spacecraft launch schedule


GOES launches are planned as follows:

GOES M:
July 2001

GOES N:

October 2002

GOES-O:
April 2005

GOES-P:

April 2007

GOES-Q:
April 2010

1.1.3.2
Changes which could affect users


GOES-M


GOES-M will have two changes from the previous four satellites.  First, the imager channel allocation will be revised.  Channel #3 will switch from  6.50 to 7.00 micrometers water vapour detection to 13.0 to 13.7 micrometers for improved accuracy of the height of derived winds.  Also, channel #5 will switch from 11.50 to 12.50 micrometers sea surface temperature and water vapour detection to 5.8 to 7.3 micrometers for water vapour observation.  Also, GOES-M will carry the first Solar X-Ray Imager (SXI).  SXI will observe solar flares, solar active regions, coronal holes, and coronal mass ejections.  Images from SXI will be used by NOAA and U.S.  Air Force forecasters to monitor solar conditions that affect space weather conditions that are used to describe the dynamic environment of energetic particles, solar wind streams, and coronal mass ejections emanating from the Sun.  The SXI, performing as a part of the Space Environment Monitor (SEM) instruments, provides the means for obtaining the solar data required to:

· Locate coronal holes for predicting high speed solar wind streams causing recurrent geomagnetic storms, and also locate transient coronal holes as a source of ejecta;

· Locate flares on the disk and beyond the west limb for proton event warnings;

· Monitor for changes indicating coronal mass ejections (CME) that may impact  Earth and cause geomagnetic storms.  Large-scale, long duration, possible weakly emitting events, and brightening of coronal filament arcades are used as evidence of CMEs;

· Observe active region size morphology and complexity, and temperature and emissions measure, for flare forecasts. Monitor for active regions beyond east limb that will be rotating onto the solar disk.


GOES-N to Q spacecraft

Beginning with GOES-N, a new digital WEFAX system will replace the current analogue system and may combine with other digital information onto a single higher capacity broadcast (64 to 128 kbps) that can contain significantly more meteorological data, imagery, charts and other meteorological information.

1.2
Programme objectives


The objectives of the GOES programme are:

· Developing specialized forecasts for agriculture, construction, transportation and other application; developing weather depictions for television broadcasts (mostly private sector);

· Measuring sea-surface temperatures for marine activities and monitoring and predicting climate (governments, private sector, research);

· Using multispectral imaging of the atmosphere and land surfaces to detect and monitor forest fires (government, private sector); global droughts (governments); global vegetation, precipitable water, snow, and ice coverage reflectance and brightness temperatures to monitor change in climate (governments, research); land use for planning (governments, private sector);

· Forecasting sea ice, predicting snow melt etc., for managing water resources, forecasting floods, and improving marine navigation (governments, private sector, research);

· Monitoring ozone in the atmosphere for impact on climate and health (governments, private sector, research);

· Receiving and relaying emergency beacon signals in support of search and rescue satellite aided tracking and relay (SARSAT) services. SARSAT is a cooperative programme of Canada, France, Russia and the United States; (governments, private sector);

· Satellite broadcasts of image data and the relay of meteorological products;

· Data collection from fixed and mobile data collection platforms, and relay of platform data to multiple users;

· Detection and relay of distress signals broadcast by emergency radio transmitters (Search and Rescue mission).


Processing image and sounding data into data products, and providing data archival and timely retrieval, are additional functions carried out by ground stations.

1.3
Overall authority responsible for the programme

United States Department of Commerce

National Oceanic and Atmospheric Administration 

National Environmental Satellite, Data, and Information Services

Silver Spring

Maryland 20910

USA

1.4
Authority responsible for the execution of the operational programme

Assistant Administrator for Satellite and Information Services

United States Department of Commerce

National Oceanic and Atmospheric Administration 

National Environmental Satellite, Data, and Information Services

Silver Spring

Maryland 20910

USA

1.5
Authority in charge of routine operations

United States Department of Commerce

National Oceanic and Atmospheric Administration 

National Environmental Satellite, Data, and Information Services

Silver Spring

Maryland 20910

USA

1.6
Authority in charge of relations with users of archived data

Satellite Data Services Division

National Climatic Data Centre

NESDIS, NOAA

151 Patton Avenue, Room 120

Asheville, NC 28801-5001


USA

2.
REMOTE SENSING

2.1
Sensor Description

2.1.1
Imager


The Imager is a five channel imaging radiometer.  Images are formed by scanning as array of detector footprints across the Earth from East to West, then back from West to east, from the top of the image to the bottom.  The visible channel consists of eight detectors mounted in a north-south line, each having a horizontal resolution of one km at nadir.  Each scan covers an eight km swath.  There are four infrared channels centred at 3.9, 6.7, 10.7, and 12.0 micrometers.  Three of the IR channels consist of two four km detectors also mounted in a north-south line.  The two detectors cover eight km each scan.  One detector, the 6.7 micrometer channel, has one detector at eight km resolution.  Each scan produces eight mines in the visible, two lines in three IR channels and one line in the 6.7 micrometer channel.

2.1.2
Sounder


The Sounder instrument is a 19 channel discrete-filter radiometer that senses emitted radiances to measure the vertical distribution of temperature, moisture cloud top temperatures, and ozone in the atmosphere.  In addition to the one visible channel, there are seven long-wave, five mid-wave, and six short-wave channels, all with horizontal resolution of 8.6 km at nadir.  The Sounder stares at each field of view on the Earth for 0.1 to 0.4 seconds (commandable) and measures radiances in all 19 channels.

2.1.3
Ancillary sensors


Two additional systems for collecting observations are operational on GOES satellites.  Three sensors combine to form the Space Environment Monitor. The SEM instruments survey the sun, measuring in situ its effect on the near-earth solar-terrestrial electromagnetic environment.  Changes in this “space weather” can affect operational reliability of ionospheric radio; over-the-horizon radar; electric power transmission; and most importantly, human crews of high altitude aircraft, the Space Shuttle, or a Space Station.  The XRS monitors the sun’s total X-ray activity.  The EPS and HEPAD detect energetic electron and proton radiation trapped by the earth’s magnetic field as well as direct solar protons, alpha particles and cosmic rays.  The magnetometer measures three components of earth’s magnetic field in the vicinity of the spacecraft and monitors variations caused by ionospheric and magnetospheric current flows.


GOES also enhances services for receiving meteorological data from earth-based data collection platforms and relaying the data to end-users.  A continuous, dedicated search and rescue transponder on board provides for immediate detection of distress signals from downed aircraft or marine vessels and relays them to ground terminals to speed help to people in need.  Increased communications capacity permits transmission of processed weather data and weather facsimile for small local user terminals in the Western Hemisphere.
2.2
Operational products

· Images of full Earth-disk view and partial disk view;

· Low, middle, and high level wind vectors plotted on charts of the Atlantic and Pacific Oceans;

· Sounder radiances, temperature and moisture profiles as well as derived products such as lifted index, convective available potential energy (CAPE), and precipitable Water, as well as multispectral imagery;

· Digital sea-surface thermal composites for coastal zones of the US, with clouds filtered from the scene.


GOES product dissemination


The USA broadcasts WEFAX from GOES satellites.  The analogue format and frequency (1691.0 MHz) are standard for international WEFAX.  Data transmitted on the USA WEFAX include processed GOES and polar satellite images, as well as US National Weather Service weather charts and administrative messages.  WEFAX will switch to a digital signal during the GOES-N timeframe.


Wind vectors in standard code format are transmitted via the Global Telecommunication System daily at scheduled times.  Digital arrays are stored on computer disk for access in printed form by interested users.  Selected GOES image sectors are transmitted on a daily schedule to users.  Data are sent disseminated via the Satellite Environmental Processing System (SATEPS). 

2.3
Product quality control


The GOES products are subjected to automatic quality control procedures.  In addition, all wind products are manually edited, using an interactive computer system, before distribution.

2.4
Archived products


All GOES images and soundings are archived by NOAA.  National Environmental Satellite, Data, and Information Service (NESDIS) manages the Nation's operational environmental satellite system as well as the largest collection of atmospheric, geophysical, and oceanographic data in the world.  There are three data centres within NESDIS making up the NOAA National Data Centers:  The National Climatic Data Center (NCDC), the National Geophysical Data Center (NGDC), and the National Oceanographic Data Center (NODC).


The NCDC provides the historical perspective on climate.  NCDC ingests, quality controls, archives, and services satellite and surface based observations.  With the use of more than a century of weather observations, reference data bases are generated and publications prepared to describe the climate.  With this knowledge, NCDC's clients can learn from the past to prepare for the future.  Wise use of NCDC data and information is the goal of climate researchers, state and regional climate centres, businesses, and commerce.  NCDC's data and information are available to everyone, including the general public, industry, the legal profession, engineering, agriculture, and government.


The National Climatic Data Center (NCDC) archives 99 percent of all NOAA data, including over 320 million paper records; 2.5 million microfiche records; over 500,000 tape cartridges/magnetic tapes, and has satellite weather images back to 1960.  NCDC annually publishes over 1.2 million copies of climate publications that are sent to individual users and 33,000 subscribers.  NCDC maintains over 500 digital data sets to respond to over 170,000 requests each year.


Data are received from a wide variety of sources, including satellites, radar, remote sensing systems, NWS cooperative observers, aircraft, ships, radiosonde, wind profiler, rocketsonde, solar radiation networks, and NWS Forecast/Warnings/Analyses Products.  NCDC supports many forms of data and information dissemination such as paper copies of original records, publications, atlases, computer printouts, microfiche, microfilm, movie loops, photographs, magnetic tape, floppy disks, CD-ROM, electronic mail, on-line dial-up, telephone, facsimile and personal visit.  For information on data types, availability, formats and costs, enquiries should be sent to the address given in section 1.6.


Special environmental data sets


NOAA maintains environmental data archives at several locations.  These include oceanographic, meteorological and climatic data, and data on solar energy and energetic particles.  NOAA is responsible for the collection, management, and stewardship of a rapidly increasing amount of data and information.  This data and information encompasses all of NOAA's activities and includes holdings of climatological, geophysical, oceanographic, marine fisheries, hydrographic, and cartographic records.  Much of this data is held and archived in NOAA's National Data Centers: the National Climatic Data Center, the National Geophysical Data Center, and the National Oceanographic Data Center.  Some of the data is stored by NOAA's Line Offices or by the office or scientist who originally collected it.  Data is stored on a variety of media, but is generally considered to be of one of three types: paper, film, or digital.  Enquiries should be sent to the address given in section 1.6.

3.
DIRECT DATA DISSEMINATION

3.1
High resolution


GOES data are distributed in a digital data stream to any site equipped to receive these transmissions.  The format used to transmit meteorological data measured by the GOES Imager and Sounder instruments is known as the GOES-VARiable (GVAR) format.  Additionally, parameters associated with the measuring instrumentation are transmitted in this format, as are auxiliary products.


The GVAR format has its origins in the Operational VAS Mode AAA (Triple A) format.  The AAA format featured a fixed length format composed of twelve equal size blocks.  These blocks are transmitted synchronous with the spin of the earlier GOES, i.e., one complete 12-block sequence occurs for each rotation of the satellite.


With the advent of the three-axis stabilized GOES employing a two-degree of freedom imaging scan mirror and a separate independent sounding instrument, the range and flexibility of satellite operations are increased.  The use of a fixed length transmission format would have required that operational limitations be placed on the satellite's capabilities.  The GVAR format was developed to permit full use of the new capabilities while maintaining as much commonality with AAA reception equipment as possible.


GVAR is generated by the Sensor Processing System (SPS), a portion of the Operations Ground Equipment (OGE).  Each SPS, one per spacecraft, generates a separate GVAR data stream.  The SPS calibrates and normalizes Imager and Sounder data and generates gridding and earth location data for Imager data. 


Direct read-out stations configured for the GOES-7 Mode AAA processed data stream require some modifications to receive imagery in the GVAR format.

· If the front end demodulator is tuneable, it must be retuned to the new 65.7 MHz IF - assuming the Local Oscillator (L.O.) frequency is 1620 MHz., since GVAR is 1685.7 MHz. vs. 1687.1 MHz. for Mode AAA;

· If the demodulator is not tuneable, it must be replaced with one tuned to 65.7 MHz.  This can sometimes be done by replacing crystal oscillator and matched filter components without replacing the whole demodulator unit.  Users are advised to check with the manufacturer.  This assumes the Local Oscillator (L.O.) frequency is 1620 MHz. since GVAR is 1685.7 MHz. vs. 1687.1 MHz. for Mode AAA;

· The bit synchronizer should handle GVAR with no changes;

· If the frame synchronizer reads the Mode AAA header (with particular regard to word and block sizes) and responds accordingly, and if it ignores block type and block ordering, then it will probably operate correctly with GVAR.  Users should contact the frame synchronizer manufacturer regarding this.


When processing GVAR, a user device should not use the data valid flag in the header to turn itself on or off.  This flag merely indicates the validity of the data in the block, and not the frame status.  There are separate flags for frame status in the Imager documentation block (Block 0) and the Sounder documentation block (one of the Block 11 types).  GVAR direct receive sites have the computer resources needed to process the stretched VAS data for the applications purposes of the site.

3.2
Space Environment Monitor (SEM) system


The SEM subsystem consists of four instruments used for in situ measurements and monitoring of the near-earth (geostationary altitude) space environment and for observing the solar X-ray output.  An energetic particles sensor (EPS) and high energy proton and alpha detector (HEPAD) monitor the incident flux density of protons, alpha particles, and electrons over an extensive range of energy levels.  Solar output is monitored by an X-ray sensor (XRS) mounted on an X-ray positioning platform, fixed on the solar array yoke.  Two redundant three-axis magnetometers, mounted on a deployed 3-meter boom, operate one at a time to monitor earth’s geomagnetic field strength in the vicinity of the spacecraft.  The SEM instruments are capable of ground command-selectable, in-flight calibration for monitoring on-orbit performance and ensuring proper operation.


The EPS performs three integral measurements (at geostationary orbit) of electrons from 0.6 to more than 4.0 mega-electron-volt (MeV), a seven-channel differential analysis of protons from 0.8 to 500 MeV, and a six-channel differential analysis of alpha particles from 4 to 500 MeV per nucleon.  The EPS also provides all the support required by the HEPAD, which extends the EPS energy ranges to greater than 700 MeV for protons and to greater than 3400 MeV per nucleon for alphas.  The EPS and HEPAD are housed within the spacecraft main body and view the space environment through apertures.

The HEPAD senses incident flux of high energy protons (350 to greater than 700 MeV) and alphas (640 to greater than 850 MeV/nucleon).  The unit consists of a telescope subassembly with two silicon surface barrier detectors, a Cerenkov radiator, and a photomultiplier tube (PMT), all arranged in a telescope configuration, and a signal analyzer subassembly.  The Cerenkov radiator and PMT provide directional (front/rear incidence) discrimination and energy selection.  The solid-state detectors differentiate between minimum ionizing protons and alpha particles and are shielded from protons below 70 MeV and electrons below 15 MeV by aluminum and tungsten barriers.

The XRS is an X-ray telescope that measures in real-time solar X-ray flux in the spectral range of 0.05 to 0.4 nanometers (short sun channel) and 0.1 to 0.8 nanometers (long sun channel).  The XRS assembly consists of a telescope collimator and sweeper magnet subassembly, dual ion chamber and preamplifier subassemblies, a DPU subassembly, and a bucking magnet subassembly.


X-rays are detected by two ion chambers, one for each spectral range.  The detector output signals are processed by separate electronic channels that provide automatic range selection.  Nominal flux levels expected are on the order of 2 x 10 -8 to 2 x 10 -3 W/m 2 for the long channel and 5 x 10 -9 to 5 x 10 -4 W/m 2 for the short channel.  The capability is provided to calibrate each channel via ground command.  Data transmitted through the spacecraft telemetry permit real-time ground determination of the solar X-ray emission in the two spectral bands.

The two three-axis magnetometers provide redundancy for measuring the geomagnetic field.  One magnetometer is mounted on the boom 3 metres (9.8 feet) away (outboard) from the spacecraft, and the second, 30 centimetres (12 inches) inboard from the first on the same boom.  Both magnetometers share the same telemetry channel, though only one magnetometer, with its associated three flux-gate sensors, can be powered at any time.  The redundant magnetometers use two sensor heads, each containing three orthogonal flux-gate magnetometer elements, to measure three orthogonal vector components of the dc magnetic field applied to three flux-gate sensor elements.
3.2.1
Operation


SEM data are received directly by the Space Environment Centre (SEC) of NOAA, at Boulder, Colorado.  The forecasting of space weather is critical to a variety of human activities.  First, it is critical to manned space missions.  Beyond this, space weather has an effect on a variety of technological systems, and since space weather can effect these devices, it is important to understand and to predict.  Some specific effects of space weather include interference with short wave radio propagation, problems with electric power grids, the decay of satellite orbits, and radiation hazard for satellites and for astronauts during some phases of space missions.


Certain features on the sun, such as sun spots, are good indications of solar weather.  Using data collected via the SEM instruments, SEC can assess the current solar activities to that seen in the past.  Thus, SEC can partially predict space weather.  A good space weather forecast begins with a thorough analysis.  SEC forecasters analyze near-real-time ground- and space-based observations to assess the current state of the solar-geophysical environment (from the Sun to the Earth and points in between).  Space weather forecasters also analyze the 27-day recurrent pattern of solar activity.  Based on a thorough analysis of current conditions, comparing these conditions to past situations, and using numerical models similar to weather models, forecasters are able to predict space weather on times scales of hours to weeks to years.

3.2.2
Dissemination


SEM data and products derived from these data are available in real-time for dissemination to operational users.  SEC provides real-time space weather services, a synthesis of the current state of the space environment, predicts solar-terrestrial conditions, and disseminates timely notification of space weather disturbances.  SEC, with joint coordination with the US Air Force, monitors the space environment, responds to user requests, disseminate products, and issues real-time alerts and warnings.  SEC is a partner of the International Space Environment Service (ISES).  The centre plays a special role as a "World Warning Agency", acting as a hub for international exchange of space weather data and forecasts.  As a member of ISES, SEC serves as the regional warning centre for the western hemisphere.  Solar observations, products and service at SEC are disseminated domestically, but most meaningful, internationally.  Processed data are archived at World Data Centre A for Upper Atmosphere Geophysics.


SEC makes information about space weather  available via:

On-line systems:

· Web Site,

· Anonymous FTP Server,

· E-mail List Server,

· NOAA Weather Wire Satellite Broadcast

Conferences:

· American Geophysical Union Meeting,

· National and International Scientific Meetings,

User Groups:

· Navigation

· Radio

· Electric Power

· Satellite Operators

· Aurora

· News Media

User Notes,

Space Weather Advisories,

SEC Space Weather Week (annual),

News Letters.


The Space Environmental Center (SEC) establishes its policies on information distribution and vendor partnerships, consistent with Department of Commerce, NOAA, and National Weather Service policies. 

· SEC must ensure that members of the public have timely and equitable access to SEC's public information;

· SEC participates fully in interagency sharing and international exchange of information and data.  SEC allows access to information by research and academic institutions at no cost for non-commercial applications so as to support NOAA's mission by stimulating space weather research in the academic sector;

· SEC continually reviews their information dissemination to ensure that its products and services are necessary to fulfil its statutory mission and are consistent with that mission;

· SEC recognizes an obligation to disseminate information in such a manner so as to maximize the usefulness of the information while minimizing the cost to the government and the taxpayer;

· SEC provides in a timely and reliable way information and data in standardized formats;

· SEC recognizes that the creation and dissemination of specifically customized information to meet the needs of particular users is an appropriate role for the private sector;

· SEC may recover its cost to disseminate its products or services from the users of its products and services.  However, SEC will balance the requirement to establish user fees with the need to ensure that information products and services reach the public, for whom they are intended;

· SEC provides links from World Wide Web pages to national centres, government agencies, international governmental partners, and some universities with information relating to space weather.  It does not provide, on its Web pages, lists of, nor links to, private individuals, commercial vendors, or other organizations, nor does it make their products available via SEC's Website;

· SEC makes available through its customer newsletter vendors' announcements of products and services.  It will not include advertisements for such products and services in its newsletter.  Periodically presenting a non-endorsed listing is viewed as a service to its customers to inform them of available products and services.

4.
DATA COLLECTION AND DISTRIBUTION


The GOES DCS is a communications relay system that uses the transponder carried on the GOES spacecraft to relay UHF transmissions from DCP's by S-band (1694.5 MHz) to properly equipped ground receive stations.  Conversely, S-band transmissions from the NESDIS ground system can be relayed through the spacecraft transponder in UHF to properly equipped receivers in radio view of the spacecraft.  Each spacecraft is capable of supporting up to 233 reply channels.  The 200 regional or domestic channels (401.7-402.0 MHz) use 1.5 KHz channel separation and the 33 international channels (402.0-402.1 MHz) use 3.0 KHz channel separation.  The 33 international channels are common with METEOSAT, GMS, GOMS and potentially with China's geostationary system.


Messages are received from either operational spacecraft via S-band receiving systems at the CDA.  The received DCP messages are routed to the Data Acquisition and Monitoring Subsystem (DAMS) units which will demodulate the data and perform the signal quality measurements.  These signal quality measurements include the signal strength (transmitted EIRP), the frequency offset or deviation from the centre frequency of the assigned channel, the modulation index, and the data quality which is an indication of the bit error rate.  These quality measurements are appended to each received message along with the channel over which each message was received and from which satellite (East or West) it was relayed.


There are currently five mediums for the dissemination of data received by the DCS system.  These four dissemination mediums are described below.


DIAL-IN:

The primary method for users to retrieve their DCP message data from the DAPS is via the dial-in capability.  The DAPS operates 10 dial-in lines connected in a rotary configuration.  The data output from DAPS ranges from 300/9600 baud dependent upon the users equipment.


DOMSAT:

Data is also disseminated via a domestic satellite (DOMSAT) which allows a user to receive the data in a near real-time manner.  The data received at the CDA are relayed through the DOMSAT spacecraft in a matter of seconds.  This form of dissemination also relays all error messages and upcoming DAPS events (bulletins).


NATIONAL WEATHER SERVICE TELECOMMUNICATIONS GATEWAY (NWSTG):

Data relayed through this medium must carry a special header to identify the user and the destination of the message for the Gateway system computers.  These identifiers are assigned by the NWS.  Only data messages are relayed through NWS, error messages and bulletins are not sent to NWS.


DIRECT READOUT:

This mode of data retrieval is accomplished by users operating ground systems similar to the CDA ground system but on a smaller scale.  The data is obtained directly from the spacecraft.

This mode of data retrieval is used by users with large numbers of DCPs or are located in areas where other means of data retrieval are not practical.  South American and Canadian users operate their own DRGS systems.


INTERNET:

NOAA provides access to DCS data via the World Wide Web using the same software used for dial-in retrieval.

5.
SEARCH AND RESCUE


GOES satellites carry transponders for relaying search and rescue messages from ships and aircraft in distress.  Search and Rescue Satellite Aided Tracking and Relay (SARSAT) is a satellite system designed to provide distress alert and location data to assist search and rescue (SAR) operations, using spacecraft and ground facilities to detect and locate the signals of distress beacons operating on 406 Megahertz (MHz) or 121.5 MHz.  The position of the distress and other related information is forwarded by the responsible SARSAT Mission Control Center (MCC) to the appropriate SAR authorities.  Its objective is to support all organizations in the world with responsibility for SAR operations, whether at sea, in the air or on land.


The SARSAT System provides distress alert and location data to Rescue Coordination Centers (RCCs), for 121.5 MHz beacons within the coverage area of SARSAT ground stations (Local User Terminals - LUTs), and for 406 MHz beacons activated anywhere in the world.


Geostationary satellites are capable of continually viewing large areas of the Earth.  Over the past few years, SARSAT has been experimenting with 406 MHz receivers on geostationary earth orbiting (GEO) satellites.  These experiments have proven the capability of GEOSAR to provide immediate alerting and identification of 406 MHz beacons.  The GEO satellites are not able to use Doppler location processing since they have no relative motion between them and the emergency beacons.  Therefore, they are not able to determine a location for a beacon.  They can, however, provide immediate alerts.  This is a valuable tool for SAR personnel since it allows them to begin their initial verification of the alert using the NOAA beacon registration database.  Often this detective work yields a general location of the vessel or aircraft in distress and SAR assets can be readied or dispatched to that general area.  Ideally, a SARSAT or COSPAS polar orbiting satellite will overfly the beacon within the next hour and calculate a Doppler location which will be forwarded to the SAR personnel who may already be en route. 


Since every few minutes saved in reaching the scene of a distress amounts to an increased chance of survival, the early warning capability of GEOSAR provides a valuable tool to increase the effectiveness of the SARSAT system and, ultimately, save more lives.  Please note that users may not be able to benefit from this early warning capability using the GOES satellites if they are not registered with NOAA.  COSPAS/SARSAT users with a 406 MHz beacon are strongly encouraged to register.

B. POLAR-ORBITING  -  NOAA SERIES

1.
POLAR-ORBITING OPERATIONAL ENVIRONMENTAL SATELLITE PROGRAMME


The Polar-orbiting Operational Environmental Satellite (POES) System normally consists of two spacecraft known as Advanced Television Infrared Observation Satellite (TIROS-N or ATN), constantly circle the Earth in an almost north-south orbit, passing close to both poles.  The orbits are circular, with an altitude between 830 (morning orbit) and 870 (afternoon orbit) km, and are sun synchronous.  One satellite crosses the equator at 7:30 a.m. local time, the other at 1:40 p.m. local time.  The circular orbit permits uniform data acquisition by the satellite and efficient control of the satellite by the NOAA Command and Data Acquisition (CDA) stations located near Fairbanks, Alaska and Wallops Island, Virginia.  Operating as a pair, these satellites ensure that data for any region of the Earth are no more than six hours old.

1.1
System outline, status and plans

1.1.1
NOAA-series satellite system


An overview of the NOAA-series satellite system is presented in Figure 2.  The system comprises the following sub-systems:


Space sub-system


To provide global data to support numerical weather prediction throughout the world, NESDIS normally maintains two polar-orbiting, three axis stabilized spacecraft in orbits such that each provides imaging without gaps between orbital swaths, and nearly complete atmospheric soundings globally, every 12 hours.  Satellites are in near-polar, sun-synchronous orbits.  The equatorial crossings of individual satellites are at fixed local solar times.  By selecting orbits that are roughly six hours apart, imagery and soundings are available once per six hours, daily, from any selected spot on the Earth.


Ground sub-system


Major ground facilities for NOAA-series data handling include:  (a) Command and Data Acquisition Stations at Wallops Island, Virginia, at Fairbanks, Alaska, and at Lannion, France (operated by France);  (b) data relay facilities linking these sites to (c) an image ingest processor and the NESDIS Central Environmental Satellite Computer System (CEMSCS) co-located at Suitland, Maryland, with the Satellite Operations Control Centre; and (d) the Satellite Environmental Processing System (SATEPS) housed at the World Weather Building in Camp Springs, Maryland.  Data archives are stored at separate facilities in Camp Springs, Maryland, and in Asheville, North Carolina.

1.1.2
Current system status; management and control


The POES spacecraft constellation includes two primary, two secondary and one standby spacecraft.  These spacecraft are in circular orbits inclined at approximately 98 degrees (retrograde).  The primary operational spacecraft, NOAA-14 and NOAA-15, are in sun-synchronous afternoon and morning orbits, respectively.  Two secondary spacecraft, NOAA-11 and NOAA-12, provide additional payload operational data, while the standby spacecraft, NOAA-10, supports minimal SAR functions and is only contacted once a week.  NOAA-16, previously NOAA-L, was successfully launched on 14 September 2000. It is undergoing a 45-day verification test and will become operational in January 2001 when it will replace NOAA-14 as the operational afternoon spacecraft.  NOAA-M is scheduled for launch readiness by late Spring or early Summer of 2001.

NOAA-11


Launched in September 1988, NOAA-11 is the backup afternoon spacecraft.  As such, NOAA-11 actively supports data products or services in a backup role.  The SBUV is providing operational support to the ozone data collection mission (in support of NOAA-14), but has been suffering erratic performance over the past few years.


NOAA-12


By the end of July 2000, continuing instrument problems on NOAA-15, prompted the recall of NOAA-12 to operational status.  Launched in May 1991, NOAA-12’s AVHRR is currently being used to satisfy morning mission user data requirements.


NOAA-13 and 14


NOAA -13 failed shortly after launch due to an electrical problem with the spacecraft battery charger.  NOAA-14, which was launched in December 1994, is the operational afternoon (ascending node) spacecraft.  One of the two on-board processors (OBP) is unusable due to the malfunction of an associated command demodulator.


Except for the failure of the on-board Search and Rescue Processor (SARP), all instrument subsystems are currently providing usable data.  On two different instruments, the Microwave Sounding Unit (MSU) and the Solar Backscatter Ultraviolet Spectral Radiometer (SBUV), drive motors for different movable assemblies have been observed to seize (the MSU scanner and the SBUV grating drive).  As a result, command sequences have been coded into the on-board software that shuts off the appropriate instrument drive when elevated temperatures are observed that would be indicative of drive seizure.


The afternoon instrument payload on NOAA-14 is similar to the functionality of the NOAA-15 instruments except for two important distinctions:

· NOAA-14 uses the Microwave Sounding Unit (MSU) and Stratospheric Sounding Unit (SSU) to support atmospheric sounding data collection.  These instruments are the predecessors to the two Advanced Microwave Sounding Units (AMSU-A and AMSU-B) on the NOAA-15 (and later) spacecraft;

· The major addition to the afternoon suite of instruments is the addition of the Solar Backscatter Ultraviolet Spectral Radiometer (SBUV).  The SBUV is used to measure solar irradiance (backscattered solar energy), total ozone concentrations, and the vertical ozone profile in the atmosphere.
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Figure VI-2
An overview of the NOAA-series satellite system

NOAA-15

NOAA-15 was launched on 13 May 1998.  By July 1998, NOAA-15 was designated as the operational replacement for NOAA-12.  As such, it operates in an orbit with a 7:30 am descending node (morning orbit) and utilizes a similar set of instruments as NOAA-12.  Recent anomalous instrument behaviour and the on-orbit failure of three high gain downlink antennas on NOAA-15 prompted the recall of NOAA-12 to support the morning orbit operational mission.  At the current time, NOAA-12 instrument data is used to complement the operational data from NOAA-15.  The morning mission, instrument payload includes:

· The Advanced Very High Resolution Radiometer (AVHRR/3), a six channel imaging radiometer which detects energy in the visible and near-IR portions of the electromagnetic spectrum.  This data is used to observe vegetation, clouds, lakes, shorelines, snow, aerosols and ice;

· The High Resolution Infrared Radiation Sounder (HIRS/3), which detects and measures energy emitted by the atmosphere to construct a vertical temperature profile from the Earth’s to an altitude of about 40 km.  These measured energy profiles are used to determine ocean surface temperatures, total atmospheric ozone levels, precipitable water, cloud height and coverage and surface radiance;

· The Advanced Microwave Sounding Unit-A (AMSU-A), which measures scene radiance in the microwave spectrum.  The data from this instrument is used in conjunction with the HIRS to calculate the global atmospheric temperature and humidity profiles from the Earth’s surface to the upper stratosphere, approximately a 2 millibar pressure altitude (48 km or 28 miles).  The AMSU-A is also complemented by the AMSU-B, which is designed to allow the calculation of the vertical water vapour profiles from the Earth’s surface to about a 200 millibar pressure altitude (12km or 7.5 miles).  The data from these instruments is used to provide precipitation and surface measurements including snow cover, sea ice concentration, and soil moisture;

· The Space Environmental Monitor (SEM/2) provides measurements to determine the intensity of the Earth’s radiation belts and the flux of charged particles at the satellite altitude.  It provides the knowledge of solar terrestrial phenomena and also provides warnings of solar wind occurrences that may impair long-range communication, high-altitude manned operations, or disrupt satellite operations;

· The Search and Rescue (SAR) instruments are part of the international COSPAS-SARSAT system designed to detect and locate Emergency Locator Transmitters (ELTs), Emergency Position-Indicating Radio Beacons (EPIRBs), and Personal Locator Beacons (PLBs) operating at 121.5, 243, and 406 MHz.  The NOAA-15 spacecraft carries two instruments to detect these emergency beacons; the Search and Rescue Repeater (SARR) provided by Canada, and the Search and Rescue Processor (SARP-2) provided by France;

· The Data Collection System (DCS) collects and processes measurements from remote data collection platforms for on-board storage and subsequent transmission from the satellite.  Data collection platforms in the form of buoys, free-floating balloons, and remote weather stations transmit their data on a 401.65 MHz uplink to the spacecraft.  The DCS is used to gather environmental measurements such as atmospheric temperature and pressure, rainfall and snowfall, and velocity and direction of the ocean and wind currents. 

1.1.3 Future plans


NOAA has in place a follow-on polar satellite program to replace current satellites as they reach the end of their operational life.  The new fifth-generation POES ATN follow-on satellites are designated NOAA-K, -L, -M, -N, and –N’.  NOAA-K, -L, and  -M will be upgraded with new primary environmental instruments, followed by NOAA-N and N’ updated to a later instrument baseline.  The major changes to the environmental instrument baseline for the NOAA-K, -L, and -M satellites, described above, include the AVHRR/3, the HIRS/3, and the AMSU-A and -B.  Instrument changes for NOAA-N and –N’ include the HIRS/4 which will provide 10 km field of view versus 20 km on the previous model, and the Microwave Humidity Sounder, provided by EUMETSAT, which will replace the AMSU-B.


NOAA-K, now designated NOAA-15, was successfully launched into a morning orbit on 13 May 1998.  NOAA-L (which will be designated NOAA-16) was launched on 21 September 2000 into an afternoon orbit and will replace the ageing NOAA-14.

1.1.3.1
Spacecraft launch schedule


NOAA-series spacecraft launches are tentatively scheduled as follows:

Satellite (orbit)
Tentative Launch Dates

NOAA-M    (AM)
May 2001

NOAA-N    (PM)
June 2004
NOAA-N’   (PM)
March 2008
1.1.3.2
Changes which could affect users


Orbital details


No significant changes in polar orbits are expected during the operational lives of NOAA-9 through NOAA-N’, with the exception of NOAA-M being the last planned morning POES launched by NOAA.  Under an agreement with NOAA, Europe will provide the mid-morning orbit satellite carrying POES and other sensors beginning in 2005.  Commencing with the NOAA-L, NOAA plans to place the satellites into an orbit such that the drifting of the equatorial crossing times will not exceed plus or minus 30 minutes from the nominal crossing time of 1400 local for the duration of at least the first three years of on orbit life.  The crossing times for the morning meteorological service flown on the European Polar Orbiting Platform will be 0930 local time.  Orbital crossing time selection involves optimizing the operation of instruments and reducing the time between observation and delivery of the data for use in forecast computer models.


NOAA-K to -N sensors


POES instrumentation through NOAA-J will remain essentially the same as that of the current operation.  The addition of a suite of three new microwave sounders, totalling 20 channels and called AMSU (Advanced Microwave Sounding Unit), has commenced with NOAA-K and has greatly increased the data flow from the spacecraft.  This, in turn, will force changes in direct broadcast services.  Two current sounding sensors, the MSU (Microwave Sounding Unit) and SSU (Stratospheric Sounding Unit), will no longer be part of the POES payload as of NOAA K.  In addition, the AVHRR sensors starting with NOAA-K, have six channels, vice the five of the previous series.

1.2
Programme objectives


NOAA-series polar-orbiting satellites provide global observations of clouds and of atmospheric temperature and moisture profiles, which are critical inputs to numerical weather prediction models.  Additional data products include global sea-surface temperatures, ocean currents, and sea-ice coverage.  A special sensor monitors global ozone amounts and distribution.  Communications sub-systems support a world-wide search and rescue distress message relay mission and a data collection and location mission supporting fixed and moving data platforms.  A primary objective of the NOAA POES mission is the free and open exchange and availability of data from these satellites.  Data are broadcast continuously in real-time and are available, without restrictions, to suitably equipped ground terminals.  Global data are available retrospectively to users, for the nominal cost for reproduction, from U.S. satellite data archives.

1.3
Overall authority responsible for the programme

United States Department of Commerce

National Oceanic and Atmospheric Administration 

National Environmental Satellite, Data, and Information Services

Silver Spring

Maryland 20910

USA

1.4
Authority responsible for the execution of the operational programme

Assistant Administrator for Satellite and Information Services

United States Department of Commerce

National Oceanic and Atmospheric Administration 

National Environmental Satellite, Data, and Information Services

Silver Spring

Maryland 20910

USA

1.5
Authority in charge of routine operations

Assistant Administrator for Satellite and Information Services

United States Department of Commerce

National Oceanic and Atmospheric Administration 

National Environmental Satellite, Data, and Information Services

Silver Spring

Maryland 20910

USA

1.6
Authority in charge of relations with users of archived data

Satellite Data Services Division

National Climatic Data Centre

NESDIS, NOAA

151 Patton Avenue, Room 120 

Asheville, NC 28801-5001


USA
2.
REMOTE SENSING

2.1
Sensor Description

2.1.1
Imager


The POES imager, the Advanced Very High Resolution Radiometer (AVHRR), has flown in variations of its present form since 1978.  In operation, the forward motion of the host satellite provides the along-track scan of the imager.  Within the sensor, a rotating mirror supplies the second scanning axis.  At the focal plane, a series of detectors record the brightness values observed within the instrument's field of view.


Full resolution images, with a nadir field of view of about 1 km, are broadcast globally in real-time to local users with suitably equipped ground terminals.  These transmissions are called High Resolution Picture Transmissions (HRPT).  Similar, full resolution data are recorded on board the spacecraft for later playback to the ground CDA stations.  These recorded, full resolution data, called Local Area Coverage (LAC), are currently limited to approximately 10 to 12 minutes per orbit, due to restricted tape recorded capacity and limited time to transmit the data to the CDAs.  Global coverage is provided by data of reduced resolution (about 4 km), which are recorded globally on board the current satellites.  These data are called Global Area Coverage (GAC), and are broadcast to the CDA stations, usually once per orbit.  Low-resolution (4 km) images are broadcast directly from the satellites by the Automatic Picture Transmission (APT) system.  APT uses a weather facsimile format, permitting reception with inexpensive receivers and omnidirectional antennae.  All GAC and LAC data received at the CDA stations are also available retrospectively from the data archive.


In its form (through NOAA-J), the AVHRR has five spectral channels selected by filters mounted in the optical plane.  One channel observes in the visible band (0.58 to 0.68 micro-meters), two in the near infrared (0.725 to 1.0 and 3.55 to 3.93 micrometers), and two in the thermal infrared (10.3 to 11.3 and 11.4 to 12.4 micrometers).  For the NOAA-K through -N series, the AVHRR will be expanded to six channels (0.58 to 0.68 micrometers, 0.725 to 1.00 micrometers, 1.58 to 1.64 micrometers, 3.55 to 3.93 micrometers, 10.30 to 11.30 micrometers, and 11.5 to 12.5 micrometers).  Only five channels will be utilized at any one time, with the 1.58 to 1.64 channel and the 3.55 to 3.93 channel being alternated for day/night observations.  

2.1.2
Sounders


Soundings are calculated from data from a combination of instruments, currently referred to as the TOVS (for TIROS Operational Vertical Sounder).  Through the NOAA-J satellite, these include the 20-channel High Resolution Infrared Sounder (HIRS), a four-channel Microwave Sounding Unit (MSU), and a three-channel infrared Stratospheric Sounding Unit (SSU).  Commencing with NOAA-K (through NOAA-N), the TOVS will consist of the twenty-channel HIRS, a 15-channel AMSU-A, and a five-channel AMSU-B.


Infrared sounders exploit segments of the atmospheric absorption spectrum in which the atmosphere is partially transparent.  By selection of suitable infrared spectral channels, the instrument collects information about atmospheric radiation, the strength of which is dependent on both the temperature and pressure of the radiating gas.  However, infrared radiations are blocked from an infrared sounder's view by clouds and extensive aerosols.  The addition of microwave channels permits essentially all-weather soundings, because microwaves penetrate most clouds.  Since some sounder channels are in bands where the atmosphere is transparent, these channels can be used to supplement imager data with surface temperatures.  The reverse is also true.  Imager values, with smaller fields of view (1 vs 20 km), can assist in the calculation of soundings by more accurately delineating cloud-free areas.

2.1.3
Ancillary sensors


NOAA's polar orbiters carry several other sensors and supporting systems:

· SEM.  The Space Environment Monitoring (SEM) System measures the energies of several different particles which impinge on its two sensors: the Medium Energy Proton and Electron Monitor (MEPED), the Total Energy Detector (TED) along with a data processing unit (DPU).  The MEPED measures charged particle flux from 30 keV to more than 140 Mev.  The TED measures charged particle flux from 0.05 to 20 keV in two directions. The Data Processing Unit (DPU) is the interface between the sensors and the spacecraft.  It converts spacecraft power to the voltages required by the SEM-2.  It counts pulses, scales them, combines some, and formats a data stream for Digital A telemetry.  It digitizes analogue monitors of TED, MEPED, and DPU circuits.  Independent of whether SEM-2 power is on or off, some temperatures are monitored by the spacecraft.  The DPU provides bi-level monitors, via Digital B telemetry, of SEM-2 status.  The DPU receives and processes commands from the ground through the spacecraft to operate SEM-2;

· SBUV.  Solar ultra-violet light striking the atmosphere is partly absorbed, partly backscattered to space.  Since ozone is the principal backscatterer, by measurement of backscattered UV, the Solar Backscatter Ultra-Violet (SBUV) radiometer allows calculations of the global distribution and time-variation of atmospheric ozone.  Measurements in 12 spectral UV bands, from 252.00 to 331.26 nanometers, are acquired.  SBUV operates on the day side of the orbit only, and is flown on the afternoon satellite series only;

· DCS.  The ARGOS Data Collection and Location System (provided by France) permits the satellite to relay messages from remote platforms, fixed or mobile, to central receiving stations.  Also, Doppler variations in the platform signals, when reporting to the spacecraft, allow data users to calculate the positions of these remote platforms.

· SARSAT.  Search and Rescue Satellite Aided Tracking.  A special case of data relay and platform location is the SARSAT or SAR system.  This is described more fully in section 5.

2.2
Imaging and Sounding

2.2.1
Imaging


AVHRR images consist of 2,048 picture elements (pixels) per scan line.  Each pixel has associated with it 10 bit values for each of the five or six channels of the particular instrument.  During processing, pixels must be located on a map of the region observed.  Brightnesses may be depicted as shades of grey, or as variations of colour.  Images can be made from the brightnesses of a single channel, or from combinations of brightnesses from two or more channels.  For example, vegetation can be seen better by combining visible channel values with those of an infrared channel than by observing either channel by itself.  Enhancements of colours or shades may emphasize subjects of interest.  A frost line, for example, will be more visible if surface temperatures warmer and colder than freezing are portrayed in contrasting colours or shades.

2.2.2
Sounding


Soundings from current POES are calculated from data from an array of instruments, collectively called TOVS.  Two of these, the HIRS and SSU, operate in the infrared region of the spectrum.  The third the MSU, has four channels between 50.3 and 57.05 GHz.  Although their nadir fields of view differ (HIRS = 17 km, MSU = 110 km, and SSU = 147 km), all have comparable scan widths, permitting TOVS data users to merge data sets before computations begin for soundings.  In the NOAA-K through –N’ series, the SSU and MSU will be replaced with the AMSUs.  AMSU-A will have 15 channels varying from 23.8 to 89.0 GHz, and AMSU-B will have 5 channels from 89.0 to 183.31 GHz.  AMSU-A has a 45 km nadir resolution, and AMSU-B's resolution is 15 km at nadir.


TOVS data processing for soundings is complicated.  On the current system, nearly 30 channels may relate to a single pixel location.  This will increase to 40 channels on the K,L,M,N’ series.  Since pixel sizes and swath widths vary, placement of values from each sensor requires a considerable amount of computer effort.  Surface temperature and amount of cloud cover or aerosol contamination in the column must be determined by prior steps.  The product is a verticle profile of atmospheric temperatures and water vapour values.

2.3
Operational products


Soundings


In addition to Earth-located, calibrated data from the TOVS, quantitative products are produced on an orbit by orbit basis.  These include:


Layer Mean Virtual Temperatures (at 15 layers, with 17 km resolution); Thickness Between Selected Standard Pressure Levels; Layer Precipitable Water; Troposphere Pressure and Temperature; Cloud Amount and Cloud Top Pressure; and Equivalent Blackbody Temperatures.


Images


In addition to the imagery available from the HRPT and APT direct broadcast services, other image products include:


Tropical Cyclone Bulletin; Daily Radiation Budget, Day & Night Outgoing Longwave Absorbed Solar Energy, Solar Energy Cloud Histograms, and Radiation Budget; 1 km HRPT and LAC images; 4 km GAC orbital swaths; Polar Stereographic and Mercator Projection Maps; Seven Day Minimum Cloud Composites; High and Low Resolution Sea Surface Temperature Images; Snow Cover Analysis; Volcano Bulletins; Vegetation Indices; Global and Local SST Observations and Analyzed Fields; Arctic, Antarctic, Bering Sea, Chukchi Sea, Alaska North Slope, and Great Lakes Ice Analysis.


Ozone


Ozone observations and products are produced with data from the HIRS and SBUV instruments (to be augmented with the TOMS observations on later flights).  Data obtained are used to compute the amount and vertical distribution of ozone in the Earth's atmosphere on the sunlit side of the Earth.  TOMS will add the capability to scan from side to side, to give a truer global measurement of total ozone, rather than from just nadir-viewing by SBUV.


Space Environment


Space Environment Monitoring (SEM) is performed  for the near-Earth space radiation environment by two sensors, the Total Energy Detector (TED) and the Medium Energy Proton and Electron Detector (MEPED) on all POES satellites through NOAA-N’.

2.4
Product quality control


The NOAA products are subjected to automatic quality control procedures.

2.5
Archived products


Essentially all data and associated products from the imager, sounders, and ancillary sensors are archived by NOAA.  National Environmental Satellite, Data, and Information Service (NESDIS) manages the Nation's operational environmental satellite system as well as the largest collection of atmospheric, geophysical, and oceanographic data in the world.  There are three data centres within NESDIS making up the NOAA National Data Centers: The National Climatic Data Center (NCDC), the National Geophysical Data Center (NGDC), and the National Oceanographic Data Center (NODC). 


The NCDC provides the historical perspective on climate. NCDC ingests, quality controls, archives, and services satellite and surface based observations.  With the use of more than a century of weather observations, reference databases are generated and publications prepared to describe the climate.  With this knowledge, NCDC's clients can learn from the past to prepare for the future.  Wise use of NCDC data and information is the goal of climate researchers, state and regional climate centres, businesses, and commerce. NCDC's data and information are available to everyone, including the general public, industry, the legal profession, engineering, agriculture, and government.


The National Climatic Data Center (NCDC) archives 99 percent of all NOAA data, including over 320 million paper records; 2.5 million microfiche records; over 500,000 tape cartridges/magnetic tapes, and has satellite weather images back to 1960.  NCDC annually publishes over 1.2 million copies of climate publications that are sent to individual users and 33,000 subscribers.  NCDC maintains over 500 digital data sets to respond to over 170,000 requests each year.


Data are received from a wide variety of sources, including satellites, radar, remote sensing systems, NWS cooperative observers, aircraft, ships, radiosonde, wind profiler, rocketsonde, solar radiation networks, and NWS Forecast/Warnings/Analyses Products.  NCDC supports many forms of data and information dissemination such as paper copies of original records, publications, atlases, computer printouts, microfiche, microfilm, movie loops, photographs, magnetic tape, floppy disks, CD-ROM, electronic mail, on-line dial-up, telephone, facsimile and personal visit.  For information on these (data types, formats, and costs), enquiries should be sent to the address given in section 1.6.


Special environmental data sets


NOAA maintains environmental data archives at several locations.  These include oceanographic, meteorological and climatic data, and data from solar and energetic particle sensors.  NOAA is responsible for the collection, management, and stewardship of a rapidly increasing amount of data and information.  This data and information encompasses all of NOAA's activities and includes holdings of climatological, geophysical, oceanographic, marine fisheries, hydrographic, and cartographic records.  Much of this data is held and archived in NOAA's National Data Centers: the National Climatic Data Center, the National Geophysical Data Center, and the National Oceanographic Data Center.  Some of the data is stored by NOAA's Line Offices or by the office or scientist who originally collected it.  Data is stored on a variety of media, but is generally considered to be of one of three types: paper, film, or digital.  Additional data from other satellite systems, such as the U. S. Department of Defense Meteorological Satellite Program (DMSP), are archived by NOAA.  Enquiries should be sent to the address given in section 1.6.

3.
DIRECT DATA TRANSMISSION


The Advanced TIROS-N system (through NOAA-N) provides High Resolution Picture Transmission (HRPT), and Automatic Picture Transmission (APT) direct data broadcast services.


The High Resolution Picture Transmission (HRPT) provides full-resolution (1 km, nadir) AVHRR data for all spectral channels on S-band, with correction for panoramic distortions.  HRPT transmissions provide data from all spacecraft instruments at a rate of 665,400 bps.  The S-band real-time transmission consists of the digitized unprocessed output of five AVHRR/3 channels, plus the TIP (HIRS/3, SBUV/2, SEM, DCS/2) data and AMSU data.  All information necessary to calibrate the instrument outputs is included in the data stream.


The Manipulated Rate Information Processor (MIRP) outputs the HRPT format simultaneously with the Automatic Picture Transmission (APT), Global Area Coverage (GAC) and Local Area Coverage (LAC) formats.  GAC and LAC data are not considered real-time, as these data are stored on the spacecraft digital recorders for readout by the CDA stations and not available to direct readout users.  The HRPT data format consists of a major frame that is subdivided in three minor frames.  On NOAA-15 and later spacecraft, TIP and AMSU data are updated at the major frame rate.  That is, the three minor frames that make up the major frame will contain TIP data in the first minor frame, backfill in the second minor frame, and AMSU data in the third minor frame.  In the previous series of satellites (NOAA E-J), the major frame consisted of three minor frames of only the TIP data.


The Automatic Picture Transmission (APT) system provides a reduced resolution data stream from the AVHRR/3 instrument.  Any two of the AVHRR channels can be chosen by ground command for processing and ultimate output to the APT transmitter.  A visible channel is used to provide visible APT imagery during daylight, and one IR channel is used constantly (day and night).  A second IR channel can be scheduled to replace the visible channel during the night-time portion of the orbit.  The analogue APT signal is transmitted continuously and can be received in real-time by relatively unsophisticated, inexpensive ground station equipment (a list of equipment manufacturers is available on the NOAASIS Internet) while the satellite is within radio range.  The characteristics of the transmitted signal remain unchanged in the NOAA KLM satellite series from those in the TIROS-N series (NOAA-8 through NOAA-14), while there is a minor change in the data format to account for the modified channel 3 on the AVHRR instrument.  APT provides AVHRR data at reduced resolution (4 km) for two selected spectral intervals on VHF frequencies and in facsimile format at 120 line per minute.  Panoramic distortion is reduced by non-linear averaging along every third scan line, which results in a near-uniform (across-track and along-track) resolution of approximately 4 km


Commencing with NOAA-K (through NOAA-N), an additional Direct Sounder Broadcast (DSB) service will be provided for data from the AMSU and HIRS instruments.  The Direct Sounder Broadcast (DSB, also referred to as the beacon transmission) contains the low bit rate instrument (HIRS, SBUV, SEM, and DCS) digital data, identical to that within the HRPT transmission.  These data are, therefore, available in both the VHF and S-band links.  Those users receiving the high resolution HRPT transmission would likely find it most desirable to extract the low rate data from this data stream.  The VHF beacon transmission is available to users who do not intend to install the more complex equipment necessary to receive high data rate S-band service.  The lower data rates permit the user to install less complex, less costly equipment to receive the data without degrading its quality.


On board the satellite, output from the low data rate instruments is collected and formatted by the TIROS Information Processor (TIP).  Parallel outputs are provided for the real-time VHF beacon transmission (DSB) and the MIRP (for the HRPT service).  The instrument data is multiplexed with analogue and digital housekeeping data.  The TIP output directly modulates the beacon transmission.  The data is transmitted as a 8.32 Kbps split phase signal (similar to the HRPT transmission, above) over one of the beacon transmitters (BTX).


With the launch of NOAA-15, NOAA prepared the “NOAA-KLM User’s Guide.” The Guide includes detailed descriptions of all the instruments, all data transmission formats, data calibration techniques and similar information necessary for direct readout users.  The User’s Guide combines and replaces several older documents that were previously available from NOAA.  The “NOAA KLM User’s Guide” is available on the Internet at http://www2.ncdc.noaa.gov/docs/klm/   .

4.
DATA COLLECTION AND DISTRIBUTION


POES provides a data collection and platform location system (called ARGOS) to receive data from fixed and moving platforms and to process and store data for later transmission to a central processing facility.  The system is capable of acquiring data from up to 1,000 platforms per day.  The satellite systems for this function are provided by France.

(a) Dissemination.  Upon receipt at the processing centre, ARGOS data undergo minimum processing to determine the status of the responding platform and to place the message in the proper queue for dissemination.  The raw data may be obtained by the user by direct dial-in telephone (300, 1,200, or 4,800 baud) or over the Global Telecommunication System, providing the proper arrangements have been made between the user's national Meteorological Service and NOAA;

(b) Participation.  The data-collection system is available for international participation by environmental service agencies and organizations, providing certain prerequisites are met.  Use of the system is limited to the collection of environmental data in accordance with applicable ITU regulations concerning use of the allocated frequency bands.  Users of the system are responsible for the costs of the environmental sensors and platforms, the radio equipment required to provide the communications link between the platform and the satellite, and any unique equipment and communications required to receive the data at the user's facility

5.
SEARCH AND RESCUE


Search and Rescue, or the Search and Rescue Satellite Aided Tracking (SARSAT) system, also referred to as SAR, is a satellite-borne radio signal detection and relay system to acquire and forward data from Emergency Locator Transmitters (ELT), and Emergency Position Indicator Radio Beacons (EPIRB carried on general aviation aircraft and marine vessels ) or Personal Locator Beacons (PLB) carried by many people that live, work or travel through remote regions.


The SARSAT instruments aboard POES provide the dual capability of detecting and locating existing ELT/EPIRB's operating at 121.5 and 243 MHz, as well as ELT/PLB/EPIRB's operating at 406 MHz.  The 121.5, 243, and 406 MHz signals are received by the SAR instruments on the satellite and re-broadcast in real-time on an L-band frequency, which is monitored by Local User Terminals (LUT's) located around the globe.  Reports of ELT and EPIRB signals are forwarded via mission control centres to rescue coordination centres where rescue action can be initiated.  Because of the low power (75 mW), frequency instability, and various modulation schemes used, the existing 121.5 and 243 MHz ELT/EPIRB's enable location to an accuracy of 10 to 20 km.  The 406-MHz system enables location accuracies of 2 to 5 km, provides user classification and identification, allows for global coverage capability by providing spaceborne storage, and permits user growth by providing the capability for handling up to 200 (design goal) simultaneous distress incidents within the satellite's antenna field of view.  As of 2000, over eleven thousand lives have been saved because of the SARSAT system.  SARSAT is a cooperative effort between the United States, the USSR, Canada, and France.

5.1
Archived products


All GOES images and soundings are archived by NOAA.  For information on data types, availability, formats and costs, enquiries should be sent to the address given in section 1.6.


Special environmental data sets


NOAA maintains environmental data archives at several locations.  These include oceanographic, meteorological and climatic data, and data on solar energy and energetic particles.  Enquiries should be sent to the address given in section 1.6.

C.  LANDSAT

1.
Landsat overview


Landsat is the United States' oldest land-surface observation satellite system.  Although the programme has scored numerous successes in scientific and resource-management applications, Landsat has had a tumultuous history of management and funding changes over its 26-year history.  Landsat 7 marks a new direction in the programme to reduce the costs of data and increase global coverage for use in global change research.


The diversity of Landsat applications makes it unique among Earth observation satellites.  Images acquired by Landsat satellites were used to produce the first composite multi-spectral mosaic of the 48 contiguous United States.  They have been used to monitor timber losses in the U.S. Pacific Northwest, map the extent of winter snow pack, and measure forest cover at the state level.  In addition, Landsat has been used in to locate mineral deposits, monitor strip mining, and assess natural changes due to fires and insect infestations.


NASA launched the first satellite in the Landsat series (originally called the Earth Resources Technology Satellites) on July 23, 1972.  The programme was given the name Landsat in 1975.  Efforts to move the Landsat programme into the commercial sector began under the Carter Administration in 1979 and resulted in legislation passed in 1984 that charged the National Oceanic and Atmospheric Administration (NOAA) to transfer the programme to the private sector.  The Earth Observing Satellite Company (EOSAT) took over operation in 1985 and was given rights to market Landsat data.


Landsat 5 was launched in March 1984 and is still returning images.  Landsat 6, which was commercially built and managed, was destroyed after launch in October 1993 when the rocket's upper stage failed to fire.


With the passage of the Land Remote Sensing Policy Act in 1992, overseeing of the Landsat programme began to shift from the commercial sector back to the U.S.; Government.  Management was transferred from NOAA to NASA and the Department of Defense.  President George Bush authorized Landsat 7 in the same year.


The Department of Defense withdrew from the programme in 1994, and NASA was named the lead agency working with NOAA and the U. S. Geological Survey (USGS).

2.
Landsat 7


NASA integrated Landsat 7 into its EOS programme in 1994.  The agency is responsible for the development and launch of the satellite, and the development of the ground system.  Landsat 7 was then transitioned to a dual-agency programme between NASA and USGS.


Landsat 7 is a U.S. satellite used to acquire remotely sensed images of the Earth's land surface and surrounding coastal regions.  Two U.S. Government agencies (NASA and USGS) currently share the responsibility of Landsat 7 operations, data processing, archive and distribution.  Landsat 7 was launched on 15 April 1999 from the Western Test Range at Vandenburg Air Force Base on a Delta-II launch; vehicle.  At launch, the satellite weighed approximately 4,800 pounds (2,200 kilograms).  The spacecraft is about 14 feet long (4.3 metres) and 9 feet (2.8 metres) in diameter.


The instrument on board Landsat 7 is the Enhanced Thematic Mapper Plus (ETM+).  ETM+ is a passive sensor that measures solar radiation reflected or emitted by the Earth's surface.  The instrument has eight bands sensitive to different wavelengths of visible and infrared radiation and has better resolution in the thermal infrared band than the Thematic Mapper (TM) instrument carried by Landsats 4 and 5.  The instrument's calibration is good to within 5 percent, making the ETM+ far more accurate than its predecessors.  Nominal ground sample distances or "pixel" sizes are 49 feet (15 metres) in the panchromatic band; 98p; feet (30 metres) in the 6 visible, near and short-wave infrared bands; and 197 feet (60 metres) in the thermal infrared band.


The satellite orbits the Earth at an altitude of approximately 438 miles (705 kilometres) with a sun-synchronous 98-degree inclination and a descending equatorial crossing time of 10 a.m.  Landsat Worldwide Reference System will be maintained with periodic adjustments for the life of the mission.  A three-axis attitude control subsystem stabilizes the satellite and keeps the instrument pointed toward Earth to within 0.05 degrees.  The Landsat World-Wide-Reference system catalogues the worlds landmass into 57,784 scenes, each 115 miles (183 kilometres) wide by 106 miles (170 kilometres) long.  The ETM+ will produce approximately 3.8 gigabits of data for each scene, which is roughly equivalent to nearly 15 sets of encyclopaedias at 29 volumes per set.


The Landsat ground system includes a spacecraft control centre, ground stations for uplinking commands and receiving data, a data handling facility and a data archive.  These facilities communicate with Landsat 7, control all spacecraft and instrument operations, and receive, process, archive, and distribute ETM+ data.  The primary ground station, the data handling facility and archive are located at the U.S. Geological Survey (USGS) EROS Data Center (EDC) in Sioux Falls, SD.  NASA managed flight operations from the control centre at the Goddard Space Flight Center until 1 October 2000, when responsibility for flight operations transferred to the USGS.  The ground system is capable of capturing and processing 250 Landsat scenes per day and delivering 100 of the scenes to users each day distributing raw ETM+ data within 24 hours of its reception at the EDC.  All 100 of these scenes can be radiometrically corrected to within five percent and geometrically located on the Earth to within 820 feet (250 metres). Uncorrected data that is ordered will contain sufficient information to allow a user to do the correction.  Data captured is routinely be available for user ordering within 24 hours of its receipt at the EROS Data Center. Users able to query metadata and image browse data from the archive electronically to determine if it contains suitable information.  The data can be ordered and delivered either electronically or in a digital format by common carrier.  Data and browse images are distributed from the EROS Data Center of the U.S. Geological Survey.

3.
A New Era of Landsat


Landsat 7 data will be used to build and periodically refresh a global archive of Sun-lit, essentially cloud-free images of the Earth's landmass.  With an upgraded data system on the ground, Landsat 7 will collect 250 scenes per day, each scene containing enough digital data to fill a powerful home computer's hard drive.  The Landsat 7 receiving station will handle 4-5 times more data than the existing programme's receiving station.


During the Landsat programme's management as a commercial operation, it became increasingly expensive to gather data.  As a cost saving measure, Landsat imagery was only collected when a user requested it instead of as an ongoing process, which is essential to scientific studies.  Landsat 7's commitment to collecting and archiving all scenes in the United States including Alaska and Hawaii is a significant change in the programme.


Processing, distributing, and archiving Landsat data will also be significantly improved.  Previous Landsat data was often too expensive for widespread scientific use.  All Landsat 7 data received at the USGS EROS Data Center receiving station will be archived and available electronically within 24 hours and will be sold at cost.  In addition to the main U.S. receiving station, several international ground stations will collect Landsat 7 data around the globe, archive it, and make it available through on-line Internet browsers. Steps are being taken to link the browsers and give users a single point of entry to the network and easy access to Landsat catalogue information.


Related internet sites:

NASA
http://landsat.gsfc.nasa.gov/

USGS Landsat 7
http://landsat7.usgs.gov/

Mission Management Office

USGS EROS Data Center (EDC)
http://edcwww.cr.usgs.gov/eros-home.html
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Figure VI-3

