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2.1
Definition of the meteorological satellite service and its frequency allocations

The meteorological satellite service (MetSat) is defined in No. 1.52 of the Radio Regulations (RR) as “an Earth exploration-satellite service for meteorological purposes”. The EESS allows radio​communication operation between earth stations and one or more space station with links to provide:

–
Information relating to the characteristics of the Earth and its natural phenomena obtained from active or passive sensors on earth satellites.

–
Information collected from airborne or earth-based platforms.

–
Information distributed to earth stations.

This Chapter related to MetSat service applications includes the following radiocommunication transmissions (some of these systems are also known as Direct Readout Services):

–
transmissions of observation data to main reception stations;


–
direct broadcast transmissions to meteorological user stations.

ITU-R maintains a number of ITU-R Recommendations relating to the MetSat service. Other study groups also deal with issues of compatibility between the MetSat service and services with which they are involved. Given the extent of ongoing activity aimed at sharing meteorological spectrum with other services and other users, ITU-R Recommendations are constantly being revised and replaced while new ones are frequently added. For current information, the reader is referred to the ITU List of Publications, in particular, the Table of Frequency Allocations in Article 1 of the Radio Regulations.

The RF data transmission bands currently allocated to the MetSat service include the following:

	Band
(MHz)
	Allocation

	Space-to-Earth direction

	137-138 
	Primary allocation

	400.15-401 
	Primary allocation

	460-470 
	Secondary allocation

	1 670-1 710 
	Primary allocation

	7 450-7 550 
	Primary allocation, geostationary satellites only

	7 750-7 850 
	Primary allocation, non-geostationary satellites only

	18100-18300 
	Primary allocation under footnote 5.519

	25500-27000
	Primary allocation to the Earth Exploration Satellite Service

	Earth-to-space direction

	401-403 
	Primary allocation

	8 175-8 215 
	Primary allocation


The MetSat service is a sub-class of the Earth exploration-satellite service, and therefore future MetSat applications could also use Earth exploration-satellite service allocations (as an example: 25.5-27 GHz). In addition, MetSats commonly collect data via passive sensing using frequencies allocated to that purpose. MetSats collect a variety of data with satellite sensors providing images and soundings taken at several wavelengths (see Chapter 5 on passive and active sensing). 

Meteorological and Earth exploration satellites carry systems such as ARGOS that relay data sent to these systems by data collection platforms (DCPs) which may be on the ground, on aircraft, or on ships. DCPs typically transmit in the band 401-403 MHz to relay data collected on such parameters as surface temperature, wind velocity, rainfall rate, stream height, trace gases in the atmosphere, and in the case of floating buoys, oceanic pollutants. They may also transmit their current position, allowing movement to be determined.

The raw data are commonly received on the ground by the operating agency, processed, and distributed to various weather services, to official archives, and to commercial users. Raw data includes images of the Earth taken at several wavelengths so as to provide a variety of useful information. Processed data are commonly sent back to the satellite to be retransmitted as part of a direct broadcast to user stations via weather facsimile (WEFAX) and high rate digital signals higher in the band
.

2.2
MetSat service systems using GSO satellites

2.2.1
Raw image sensor data transmissions

Data obtained by the sensors on board meteorological satellites are transmitted to main operations stations (often called Command and Data Acquisition, or CDA stations) in the 1 670-1 690 MHz band. There are only a few stations of this type around the world, normally one or two per satellite system. They are equipped with antennas of approximately 10‑18 m diameter and typically operate with a minimum elevation angle of 3. The figure of merit of such stations is of the order of 23 dB/K. Typical bandwidths of the transmissions are between 2 MHz and 20 MHz depending on the sensor characteristics and modulation methods employed.

2.2.2
Data dissemination

2.2.2.1
High Resolution Image (HRI) dissemination

The HRI dissemination service operates on the first generation METEOSAT spacecrafts (Meteosat-5 and -7. The digital signal is broadcast at a data rate of 166.7 kbit/s using PCM/PM/SPL modulation. The HRI format is specific to METEOSAT, and the coverage zone is identical to the METEOSAT tele​communications area (i.e. GSO positioned at 63( East and 0). Data transmissions contain high-resolution images including calibration and navigation information. Primary users are national meteorological centres, universities, private forecasters, and television broadcasters.

HRI broadcasts are in the frequency sub-band 1 690‑1 698 MHz with centre frequencies at 1 694.5 MHz and 1 691 MHz. The bandwidth is 660 kHz; the figure of merit of reception stations is 10.5 dB/K; typical antenna diameters are 3 m; and minimum antenna elevation is 3.   With the start of the second generation Meteosat system in January 2004 owing to a failure in one of the on-board power amplifiers of Meteosat-8, the high rate information transmission (HRIT) had to be performed via an alternate reception mechanism utilising the EUMETSAT Multicast Distribution System, EUMETCast, in place of the originally foreseen baseline reception via a High Resolution User Station (HRUS).

2.2.2.1.1  EUMETSAT Multicast Distribution System (EUMETCast)

EUMETCast utilises the services of a commercial satellite operator and telecommunications provider to distribute data files using Digital Video Broadcast (DVB) to a wide audience located within the combined geographical coverage zone of the individual telecommunications satellites at C-Band (Atlantic Bird 3) and Ku-Band (Hot-Bird 6) used to transmit the data to users. In August 2004 already more than 650 EUMETCast stations were registered by EUMETSAT. For the reception of the Meteosat data products a satellite off-set antenna fitted with a digital universal V/H LNB is required. EUMETCast operates as a multicast system without return channel. To achieve the required level of system performance users require a slightly larger antenna than would normally be needed for multimedia DVB applications with a return channel.

EUMETCAST currently contains the following products:

· High Rate SEVIRI Image Data - data from Meteosat-8

· Low Rate SEVIRI Image Data - data from Meteosat-8

· Rapid Scanning Service (RSS) - data from Meteosat-6 

· High Resolution Image (HRI) - data from Meteosat-7

· Indian Ocean Data Coverage (IODC) - data from Meteosat-5 

· Data Collection and Retransmission (DCP)

· Meteorological Data Dissemination (MDD)

· Meteorological Products (including Satellite Application Facility products)

· EUMETSAT ATOVS Retransmission Service (EARS)

· Foreign Satellite Data (FSD)

· DWDSAT
2.2.2.2
Stretched Visible Infrared Spin Scan Radiometer (S-VISSR)
The S-VISSR service is operated by the following satellite systems:

· GMS (Japan)

–
FY-2 (China).

Data observed by the VISSR sensors are transmitted to the main operations ground stations of the individual satellite system. On the ground, data are pre-processed in near real-time and retransmitted via the same satellite at a lower (stretched) data rate. These data are received by S‑VISSR earth stations also called medium-scale data utilization stations (MDUSs). More than one hundred receiving stations of this type are known to be in operation. The main users are meteorological services and universities.

S-VISSR transmissions are performed in the sub-band 1 683‑1 690 MHz. Typical bandwidth for the S-VISSR transmissions is around 6 MHz. The figure of merit of reception stations is 10.5 dB/K, and the minimum elevation angle of antennae is 5.

The GMS S-VISSR service will initially be replaced by an upgraded version called HiRID when MTSAT becomes operational. HiRID will eventually be replaced by HRIT.

Comment 2: HiRID and HRIT services by MTSAT-1R will be started at the same time, JMA has a plan to discontinue HiRID few years later. Therefore, I would like to modify the last sentence, as follows;

HiRID and HRIT services will be started at the same time, and HiRID will eventually be replaced by HRIT after the transitional period for users for few years has passed.

Comment 3: Frequency band (down link) of HiRID and HRIT by MTSAT is 1678.1 MHz (6 MHz bandwidths) the same as  S-VISSR by GMS


2.2.2.3
GOES Variable (GVAR)

The United States’ geostationary operational environmental satellites (GOES) transmit processed data known as GVAR to a minimum of several hundred receiving stations within the combined footprint of the GOES spacecraft located at 75° W and 135° W
. These include not only stations in North and South America, but also locations in New Zealand, France and Great Britain. The majority of these recipients are universities and government agencies involved with meteorological research or forecasting. Others include value-added providers supplying weather forecasts to commercial interests. The data stream, transmitted at 1 685.7 MHz with a bandwidth near 5 MHz, consists primarily of images and sounder data with added calibration and navigation information as well as telemetry, text messages, and various auxiliary products.

Since receive-only stations usually need not be licensed or registered, there is no way to identify either the number or location of these stations.

2.2.2.4 Weather Facsimile (WEFAX)
The analogue WEFAX service still used today will be replaced by digital low rate information transmission (LRIT) service on second-generation meteorological satellite systems.  The WEFAX service consists of analogue transmissions to low-cost meteorological user stations within the reception area of meteorological satellites. The WEFAX service parameters were defined and agreed by the Co-ordination Group for Meteorological Satellites (CGMS). WEFAX services are operated by the following satellite systems:

–
GOES-E (USA)

–
GOES-W (USA)

–
GMS (JAPAN)

–
GOMS (Russia)

–
METEOSAT (EUMETSAT)

–
FY-2 (China).

WMO has registered several thousand WEFAX reception stations around the world, however, as in the case of GVAR and S-VISSR receivers, it is not known exactly how many receivers are actually in use. WEFAX reception stations are essential equipment for the operation of smaller and mid-sized meteorological services and are also used by universities, environmental agencies, press agencies, schools and others. WEFAX reception stations are also known as secondary data user stations (SDUS) (METEOSAT and GMS) or LR-FAX Stations (FY-2).

The transmission of WEFAX services is in the sub-band 1 690-1 698 MHz. Most WEFAX services have a centre frequency of 1 691 MHz and a bandwidth between 0.03 MHz and 0.26 MHz. Typical WEFAX reception stations operate at elevation angles greater than 3 use antennas of 1.2 m diameter and correspond to a figure of merit (G/T) of 2.5 dB/K. Content of WEFAX transmissions are sectors of satellite imagery, meteorological products in pictorial presentation, test images and administrative messages containing alphanumerical information in pictorial form. 
2.2.2.5
Meteorological Data Dissemination (MDD)
The MDD service is unique to METEOSAT operations. It is a broadcast of four data channels with a data rate of 2 400 kbit/s each. Transmissions are in the 1 695.68‑1 695.86 MHz band. There are hundreds of user stations, mainly in Europe and Africa. MDD user stations use antennas with 2.4 m diameter and require a figure of merit of 6 dB/K. Operations require a minimum elevation angle of 3.  The MDD service is also included in the Low Rate Information Transmission (LRIT) data stream of the EUMETCast (see section 2.2.2.1).
2.2.2.6
Low Rate Information Transmission (LRIT)
LRIT will be a new service provided by geostationary meteorological satellites for transmission to low cost user stations. This service is intended to replace the WEFAX service and will serve a similar user community. It is expected that there will be thousands of user stations called low rate user stations (LRUS).

Transmissions of LRIT will be in the sub-band 1 690‑1 698 MHz with centre frequencies around 1 691 MHz. The bandwidth will be up to 200 kHz. User station antennas will have diameters around 1.8 m and will be operated with a minimum elevation angle of 3. The figure of merit for LRUS will be 5-6 dB/K  depending on the user station location.

2.2.2.7
High Rate Information Transmission (HRIT)
HRIT service was introduced on METEOSAT second generation satellites, operational on Meteosat-8 HRIT since January 2004.  The Meteosat-* HRIT image data are made available via EUMETCast (see section 2.2.2.1). The Japanese MTSAT and will replace the present HRI service and S-VISSR. It can be expected that other satellite operators will adopt HRIT for their future satellite broadcast services. It can also be expected that 


several hundred of the high rate user stations (HRUS) and the MDUS will be operated worldwide. The user community will consist of major meteorological and climatological centres as well as universities and other user communities producing numerical products.

The HRIT service will operate in the sub-band 1 690‑1 698 MHz. The antenna size for HRUS and MDUS will be 4 m and the minimum elevation angle will be 3. The figure of merit for the same users stations will be 12-14 dB/K depending on the user station location.

Comment 8: HRIT service will be introduced on MTSAT when MTSAT becomes operational in 2005.


2.2.3
Data collection platforms (DCPs)
DCPs are operated on meteorological satellites for the collection of meteorological and other environmental data from remote DCPs. Transmissions from each DCP to a satellite are in the frequency band 401-403 MHz. DCPs are operated in time sequential mode. The transmission time slots are typically 1 minute. Transmission rates are 100 bit/s. Higher data rate DCPs (300 bit/s and 1 200 bit/s) are presently in test operation. Bandwidths of DCPs are 1.5 kHz or 3 kHz. There are various types of DCP transmitters are operated generally ranging from 5 W output power with a directional antenna, or 40 W output power with an omnidirectional antenna. The resulting uplink equivalent isotropically radiated power (e.i.r.p.) is 40‑52 dBm. Data collection systems are operated on the following geostationary meteorological satellite systems:

–
GOES-E (USA)

–
GOES-W (USA)

–
METEOSAT (EUMETSAT)

–
GOMS (Russia)

–
MTSAT (Japan)

–
FY-2 (China).

The DCPs reporting to geostationary MetSats use frequencies in the 401.7-402.4 MHz range, with 402‑402.1 MHz for international use (33 channels of 3 kHz in width). The GOES satellites (USA) domestically assign frequencies in the range of 401.7 to 402 MHz, with METEOSAT (Europe) and GMS (Japan) using 402.1-402.4 MHz and GOMS (Russia) using the 401.7-402.4 MHz band (expected to be put into operations in 2003). True? By using narrow bands (as small as 1.5 kHz) and by staggering the reporting times, it is possible to receive data from a large number of these platforms. At present, there are slightly more than 11 000 
GOES DCPs, with the number anticipated to more than double to as many as 23 00
0. Such increased use will possibly necessitate expanding spectrum usage to higher frequencies, moving toward 403 MHz for these reporting platforms
.

2.3
MetSat service systems using non-GSO satellites

2.3.1
Raw image sensor data transmissions

Raw data from European polar orbiting meteorological satellites will be transmitted in the frequency band 7 750‑7 850 MHz to main stations located at high latitudes. Normally there are up to 4 receiving stations serving such satellites systems. The transmissions will take place in bursts as each satellite passes its appropriate receiving station, with the transmitters switched off at other times. Systems are to be operated by the European Space Agency (ESA)/EUMETSAT beginning in 2003. Typical transmission bandwidth is to be 100 MHz and the receiving station G/T  32 dB/K. Antenna patterns are to be in accordance with RR Appendix 7
.

2.3.2
Data dissemination

2.3.2.1
Automatic Picture Transmission (APT)
The automatic picture transmission (APT) service was introduced on US spacecraft in the 1960s and became the most successful direct broadcast service in the meteorological community. There are thousands of APT receiving stations in operation worldwide. APT stations are very low cost and are operated not only by meteorological services and universities but also by a large community of non-meteorological users. The APT service is supported by NOAA (USA) and by METEOR, Okean and Resurs-01#4 (Russia) satellites.

APT transmissions are based on an analogue modulation scheme. Transmissions are in the band 137‑138 MHz, with typical bandwidths of 40‑50 kHz but up to 175 kHz. Future APT broadcasts will be restricted to two sub-bands in the 137‑138 MHz band: sub-bands 137‑137.175 MHz, and 137.825‑138 MHz.

APT stations typically consist of omnidirectional antennas and commercial-off-the-shelf (COTS) VHF receivers. Low cost image processing systems are attached to this front-end, with low-priced software running on commonly available desktop computers.

2.3.2.2
Low Rresolution Picture Transmission (LRPT)
The LRPT service is planned to replace the APT service in future generations on non-GSO MetSats. However, LRPT services may not be widely used by MetSat constellations.  It will be based on digital transmission schemes and will make use of the same frequency bands as those currently used for APT. The bandwidth will also be up to 175 kHz. It is expected that most APT users will convert to LRPT, leading to thousands of user stations worldwide. LRPT will first be implemented by EUMETSAT on METOP/EPS satellites. It is expected that there will be LRPT services supported by USA, Russia, and China.

2.3.2.3
High Resolution Picture Transmission (HRPT)
The high resolution picture transmission (HRPT) service is currently provided by NOAA (USA) satellites and is intended to supply high-resolution imagery to the meteorological community. Russia also has plans to provide HRPT transmissions. Furthermore, there is an HRPT-like broadcast provided by Chinese satellites (see CHRPT below). HRPT transmissions are full time and can be 

received by any user station in the reception area of the satellite.
 There are hundreds of HRPT receiving stations worldwide registered with the WMO. Again, the caveat is necessary 
that this number is non all-inclusive since registration of these stations is not mandatory. HRPT data are essential to operations of meteorological services and are widely useful in other endeavours as well.

HRPT transmissions are performed in the frequency band 1 696‑1 710 MHz with signal bandwidths between 2.7 MHz and 4.5 MHz. User stations are equipped with tracking parabolic antennas typically 2.4‑3 m in diameter. The minimum elevation angle for reception is 5, though some stations operate below this level. The figure of merit for stations is 5 dB/K. 

2.3.2.3.1
Chinese HRPT

The main characteristics of Chinese HRPT (CHRPT) are similar to HRPT. The major difference is in the data rate of transmissions, which is double the amount of HRPT. The bandwidth of transmissions is within the range given for HRPT. CHRPT broadcasts are unique to FY-1 satellites.

2.3.2.3.2
Advanced HRPT

The advanced HRPT (AHRPT) service is intended to replace HRPT on future meteorological satellites. It is planned to introduce this service on EUMETSAT’s METOP/EPS and PRC FY3 (also referred to as CHHRPT) satellites. Satellite operators may convert to this new service or may choose to continue HRPT transmissions for some time.

AHRPT transmissions will be in the 1 698‑1 710 MHz band. The bandwidth will be 4.5 MHz. AHRPT reception stations will receive with minimum elevation angles of 5. Antennae are parabolic with typical diameters of 2.4‑3m. The figure of merit of stations will be 6.5 dB/K. CHHRPT will be operated at 1 704.5 MHz
.

2.3.3
Data collection platforms (DCPs)
DCPs provide a variety of information used principally by governmental agencies but also by commercial interests. Such data include a number of environmental parameters for oceans, rivers, lakes, solid earth and atmosphere related to physical, chemical, and biological processes including tracking animal movement. Use by commercial interests is limited, but includes monitoring oil pipeline conditions in order to protect the environment. Alert DCPs are also employed to report emergencies and supply data for hazard/disaster recognition. The Data Collection System operated from non-geostationary meteorological satellites is called ARGOS. It is currently flown only on the NOAA polar-orbiting satellites. Expansion of ARGOS is scheduled with flights on ADEOS‑2
 (Japan) and on the new series of European polar-orbiting satellites, known as METOP and a new generation of Russian polar-orbiting satellites (METEOR-3M)
.

The allocation at 401-403 MHz for these DCPs was up-graded to primary at the World Radiocommunication Conference in 1997 (WRC‑97). The ARGOS system uses 401.65 MHz as the centre frequency, employing bandwidths of up to 100 kHz, though many platforms (known as platform transmitter terminals) require only several kHz. Taking advantage of the nature of the orbits of polar-orbiting satellites, it is possible to accommodate many ARGOS platforms. Future estimates expect that the existing 3 800 platforms will grow to 8 7
00, requiring use of additional spectrum, perhaps lower in frequency, i.e. toward 401 MHz.

Comment 9: I would like to inform that three typed of DCP transmitters have operated by GMS [ MTSAT] with 5W, 10W and 20W output power with a directional antenna.

Comment 10: And MTSAT

Comment 11: In case of GMS [and MTSAT], there are about 1000 DCPs, the number has been on the increase year by year.
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