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ASSESSMENT OF FREQUENCY REQUIREMENTS FOR METEOROLOGICAL SERVICES IN THE 1670-1675 and 1683-1690 MHz BANDs
1
Introduction

Resolution 227  (WRC-2000) requests ITU-R to assess, with the participation of WMO, the current and future spectrum requirements of the MetAids service and of the MetSat service in the band 1683-1690 MHz, with a view to a possible allocation to the MSS (Earth-to-space). Resolution 227 (WRC-2000) requests the completion of the technical and operational studies on the feasibility of sharing between MSS mobile earth stations and MetSat stations including GVAR/S-VISSR stations, in the band 1 683-1 690 MHz.

Resolution 227 (WRC-2000) also calls for sharing studies to recommend alternative MSS (Earth-to-space) frequency bands in the 1-3 GHz range, should the band 1 683-1 690 MHz prove unsuitable, and WP 8D is considering the suggestion of 1 670-1 675 MHz as an alternative frequency band.

The band 1 670-1 690 MHz is allocated to the meteorological aids (MetAids) service as a primary service and is used for meteorological radiosondes. Radiosonde observations in the atmosphere are vital for operational meteorology (weather analysis, warnings, forecasts, and satellite calibration and validation), coordinated in the framework of the World Weather Watch Programme of WMO.  Radiosonde observations not only benefit the Member country that made the observation, but also a large number of other Members for medium and long-term weather forecasting. 

The band 1 670-1 690 MHz is also allocated to the meteorological-satellite (MetSat) service as a primary service and is used for geostationary meteorological satellites. Meteorological satellites are vital for operational meteorology (weather analysis, warnings and forecasts) in the framework of the World Weather Watch Programme of WMO, as well as for meteorological and climate research programmes. Observations, soundings and derived meteorological products from the system of meteorological satellites benefit all countries for a wide range of applications, including safety of life and property.

2
MetAids service requirements 

Meteorological Aids (radiosonde) systems are used for in-situ upper air measurements of meteorological parameters (pressure, temperature, relative humidity, wind speed and direction) in the atmosphere up to an altitude of 36 km. The upper air radiosonde network is of vital importance to operational meteorology. It produces detailed measurements of local conditions with high accuracy. In many countries the ground equipment and the radiosondes are a large  proportion of the expenditure of the Meteorological Service as a whole. As a consequence of the wide range of economic constraints experienced by WMO members and the different weather conditions around the world, there is no single type of ground equipment that is practical or economical for all Members. 

For computing winds, position information of radiosondes during flight is required. The position information can be derived using ground systems with directional antenna  (usually radio theodolite or secondary radar) to track the radiosonde. Most of this type of MetAids system operates in the band 1670 to 1690 MHz. Another method of deriving position is to receive radionavigation signals (e.g. from GPS satellites) on the radiosonde. The navigation signals are processed on the radiosonde in order to transmit the navigation information to the ground receiver for final processing of the user products. Many MetAids systems using the GPS navigation method are operated in the 401 to 406 MHz MetAids band. However, some of the larger national meteorological services are implementing GPS radiosonde systems in the band 1670 to 1690 MHz. This choice was driven by the heavy use of the 401 to 406 MHz band by other national MetAids operations and existing national radio services.

As noted in SA-1165-1, some MetAids services may decide not to rely on international navigation services for their measurement capability, which may cease to be available in critical circumstances. In this case, the choice may be made between primary or secondary radars or radio theodolite.  Available national resources influence this choice.  Broadband radiosonde systems utilize telemetry systems operating in a secondary radar mode for wind finding.  (Primary radar is one which tracks a signal reflected by the target, while secondary radar tracks the output of a transponder.)  

The diversity of Met-Aids measurement systems is essential for WMO operations.  If all Members were dependent on one manufacturer or one international navigation system, failure of the manufacturer or withdrawal of the navigation service e.g. for economical or political reasons would be catastrophic for one of the primary operational services.

2.1
Present status and plans

The following identifies the main civilian MetAids operations in the band 1668.4-1690 MHz.  The radiosonde systems are either operated or under current development in China, Finland, India, Japan, Russia, Switzerland and USA.

In China, the development of radiosonde operations in the band 1670 to 1683 MHz is continuing. Several operational systems have been developed and implementation of operations in this band is a high national priority.  It is intended that 90 radiosonde stations will use these systems.  The systems utilize secondary radar for wind-finding purposes.  The portion of the band 1685 – 1690 MHz will be avoided due to unacceptable levels of interference between MetAids and S-VISSR downlinks.

Finland manufactures large numbers of radiosondes for use in this band. It operates a national defence service using many mobile ground systems. There is an increasing requirement for use of portable and mobile radiosonde systems to support environmental research and defence applications. The manufacturer’s records indicate that over 400 systems are in use worldwide.

India operates seven stations in the band 1668.4-1690 MHz, using radiosondes manufactured nationally. New radiosonde systems are currently under development.

Japan Meteorological Agency (JMA) operates 18 radio-theodolite network in support of synoptic observations.  In addition to the normal synoptic radiosonde observations at 00 and 12 UTC, radiowind observations are performed at 16 of the stations at 06 and 18 UTC. Defence Agency of Japan operates two radiosonde stations.  JMA also operates a station in Antarctica.  These stations currently operate in the band 1668.4 –1690 MHz.

Radiosondes in Russia and other countries of the former USSR are currently operated at 1782 MHz. Long term plans are to transition the MetAids operations into the band 1675 to 1683 MHz.  The number of stations involved is approximately 2000.

Switzerland operates 30 broadband radiosonde systems for defence purposes, which utilize the telemetry system operated in a secondary radar mode for wind finding. Switzerland plans continued operation of these systems until at least 2010.

USA is currently developing a new GPS radiosonde system to be introduced into operation in 2002. Operations with this system will be limited to the sub-band 1675 –1683 MHz. The system will eventually be used at more than 100 sites.

2.2
Targets for future spectrum use by MetAids

Improvements in radio communication characteristics and development of more spectrum efficient radiosondes are occurring worldwide.  However, in estimating the rate of development of new radiosondes the following points need to be kept in mind:

(i)
A WMO survey showed that National Meteorological Services would not be able to sustain satisfactory operation if the existing costs of radiosondes were to increase by more than 10 per cent;

(ii)
An effective universal implementation of improvements to radiosonde communication characteristics must be based on techniques and components that will be both nationally available and affordable to all Members;

(iii)
Improvements to the radiosonde communication characteristics will need to be associated with the replacement of the current ground equipment.

The implementation of improved versions of radiosondes will be in a phased manner in the time frame of 2010. Changing to new radiosondes requires upgrade to infrastructure and manufacturing facilities involving heavy investments by the national meteorological services and associated manufacturers. 

Sharing studies indicate that co-frequency sharing between MetAids and Met-Sat in the band 1670-1700 MHz is not feasible. Thus, WMO recommends that future MetAids operations be concentrated in the sub-band 1675 -1683 MHz. Some national service may not be able to meet this target for some time and wish to make national arrangements to utilise the sub-band 1670 –1683 MHz for the foreseeable future, avoiding conflict with national MetSat operations.

WMO expects that future civilian MetAids operations will continue in the band 1670-1690 MHz, and WMO expects that most of the operations will be concentrated in the sub-band 1675-1683 MHz by the year 2010. Large numbers of defence service systems (mostly mounted on mobile platforms) are also expected to continue in use.

.

3
Met-Sat service requirements 

Present Status

For more than 20 years the Meteorological Satellite Operators have agreed to separate the band 1670-1710 MHz into sub-bands which are currently being used and are expected to continue in the future. Originally this separation was in three sub-bands, i.e. for main Earth stations, for user stations from geostationary meteorological satellites and for user stations from non-geostationary satellites.  The development of GVAR and S-VISSR operations within the frequency sub-band originally only allocated to main Earth stations required a new separation into four sub-bands as follows:

1 670-1 683 MHz:
main earth stations at fixed locations for reception of raw image data, data collection data and spacecraft telemetry from geostationary meteorological satellites;

1683 – 1690 MHz:
main earth stations at fixed locations for reception of raw image data, data collection data and spacecraft telemetry from geostationary meteorological satellites; user stations for direct readout from geostationary meteorological satellites (GVAR and S-VISSR);

1 690-1 698 MHz:
user stations for direct readout services from geostationary meteorological satellites;

1 698-1 710 MHz:
user stations for direct readout services and pre-recorded image data at main earth stations from non‑geostationary meteorological satellites.

The sub-bands under discussion are 1670-1675 and 1683 – 1690 MHz.  In these portions, main earth stations receive raw image data, data collection data and spacecraft telemetry from geostationary meteorological satellites.  These downlinks occur worldwide in all ITU Regions.  The portion of the band 1683-1690 MHz has an additional use in ITU Regions 2 and 3.  In Region 2, the GOES Variable (GVAR) downlink is centred at 1685.7 MHz and is provided to government, commercial and private users for weather forecasting.  Similarly in Region 3, S-VISSR downlinks are located at 1687.1 for GMS (Japan) and 1687.5 MHz for FY-2 (PRC) and are used by government, commercial and private users for weather forecasting. Current investigations have shown that there are several hundreds of these stations operated in many countries within regions 2 and 3.

The number of these receiving stations is expected to increase rapidly in the future.  ITU-R studies indicate that co-frequency sharing between MetAids and Met-Sat in this band is not feasible. This fact causes MetAids operations to avoid these frequencies and operate in other parts of the band 1675-1690 MHz. 

Future Developments

Met-Sat downlink operations will continue within the above stated sub-bands. New generations of meteorological satellite systems are being implemented by all operator agencies. The number of main Earth stations will remain at the present level. New user station types will be implemented and will gradually replace present station types. It is expected that the number of such user stations will grow considerably. As stated above the GVAR and S-VISSR stations will continue to be operated for at least the next 20 years.

Sharing Studies

The ITU-R has completed studies regarding the feasibility of sharing in the 1675-1710 MHz band between the Mobile Satellite Service (MSS), Meteorological Satellite (Met-Sat) and Meteorological Aids (MetAids). 

With respect to MetAids and Met-Sat in the band 1675-1700 MHz, sharing studies concluded that co-frequency sharing is not feasible.  As a result of the thousands of meteorological earth stations in the band 1683-1700 MHz, future MetAids operation should be restricted to the sub-band 1675‑1683 MHz, where fewer Met-Sat stations are deployed. 

Concerning sharing between Met-Sat and MSS, Recommendation ITU-R SA.1158 concluded that sharing is considered feasible if an appropriate separation distance is kept at all times between Met-Sat main Earth stations and MSS Earth stations, as determined pursuant to coordination under Resolution 46 (Rev. WRC-97)/RR No. S9.11A. 

It has to be noted that the use of the sub-band 1683 – 1690 MHz by hundreds of GVAR and S-VISSR stations and the expected future increase will restrict the possibility of sharing with MSS in this sub-band.

Sharing possibilities exist in the sub-band 1670 – 1675 MHz where only a small number of Met-Sat downlinks are operated. These downlinks are allocated to main Earth stations and sharing with MSS would be feasible subject to acceptance of exclusion zones, as defined in Rec. ITU-R SA.1158, around the small number of main Earth stations.

4
Conclusions 

The large and increasing number of MetSat direct readout user stations (GVAR and S-VISSR) and sharing studies indicate that sharing between MSS and MetSat in the band 1683‑1690 MHz would be extremely difficult in most of the world, and in particular in regions 2 and 3.

MetAids operations are planned to be concentrated in the sub-band 1675 -1683 MHz. Some National Meteorological Services would continue to need the sub-band 1670 –1683 MHz for the foreseeable future. 

In can be concluded that future meteorological services (MetAids and Met-Sat) operations will require the entire portion of the band 1675-1690 MHz, not providing any commonly available spectrum for sharing with the MSS.

Sharing possibilities exist in the sub-band 1670 – 1675 MHz, provided that exclusion zones are ensured around the small number of main MetSat Earth stations, and that national MetAids operations continuing to use the sub-band 1670 – 1675 MHz be protected. 
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