- iii -

PREFACE

The Handbook on Use of Radio Spectrum for Meteorology has been developed jointly by experts of the Steering Group on Radio Frequency Coordination (SG-RFC) of the World Meteorological Organisation (WMO) under the coordination of Mr D. Franc (NOAA) and Working Party 7C of ITU-R Radiocommunication Study Group 7 (Science Services) under the chairmanship of Mr. E. Marelli (ESA), Chairman, Radiocommunication Working Party 7C.

The Handbook in its six Chapters provides comprehensive technical information on the use of radio frequencies by meteorological systems, including meteorological satellites, radiosondes, weather radars, wind profiler radars, spaceborne remote sensing, etc. 

It is intended for all users, practitioners, technicians, developers and other interested parties and individuals of the meteorological and radiocommunication communities, including governmental institutions and the industry.

Valery V. Timofeev

     
Director, Radiocommunication Bureau
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FOREWORD

The Radiocommunication Study Group 7 (SG 7) for the Science Services was created through a structure reorganization in 1990 at the Düsseldorf CCIR Plenary Assembly. Many of the activities in SG 7 are associated with advancing the state of the art in the use of the radio spectrum to achieve scientific objectives.

SG 7 currently comprises a number of Radiocommunication Working Parties (WP) that address technical issues related to specific disciplines under the umbrella of science services. Meteorology falls within the remit of Working Party 7C
, and includes studies of the implementation and operation of meteorological sensors, both passive and active, from both ground-based and space-based platforms. Meteorology depends on radio both to collect the data upon which its predictions are based, and to process and disseminate weather information and warnings to the public. Natural disaster prediction, detection and mitigation are becoming increasingly important. 
Activities that result in constant media attention include:

–
tracking the progress of hurricanes, typhoons and other severe storms using weather satellites;

–
tracking the progress of tornadoes, thunderstorms, and the effluent from volcanoes and major forest fires using weather radars;

–
collecting and processing weather data using radio-based meteorological aid systems, without which the current and planned accuracy of weather predictions would be seriously compromised;  
· warning the public of dangerous weather events, and aircraft pilots of storms and turbulence using broadcast sound, television, mobile communications and the internet;
· providing routine weather forecasts for social, commercial and other activities 
While the development of Recommendations continues to be the principal focus of the Study Group activities, it has become clear that the experts who work on these matters in the Study Group have much basic information to offer to their scientific and lay colleagues who depend on meteorological data for improving the accuracy of weather and climate prediction, and data acquisition methods.

Thus it was decided to prepare and publish this Handbook, in collaboration with the Steering Group on Radio Frequency Coordination of the World Meteorological Organization (WMO), so that all users of these standards could more completely understand meteorological systems in order to better design and apply these powerful tools. One primary purpose of this Handbook is to provide the reader with information about the use of radio systems and radio frequency (RF) bands by meteorologists worldwide, and the importance of this use to public safety and the world economy.

Effective and prudent management of allocated frequency bands is paramount to maintaining and enhancing the quality and accuracy of weather and weather‑related predictions. For example, if the frequency bands currently allocated for meteorological purposes were to be allocated to other radio services that are incompatible with meteorological radio systems, then these bands could be rendered unusable for weather prediction systems, thus making weather forecasting impossible.
[refer to updated content of this edition in relation to previous version]
As Chairman of SG 7, it is my honor and pleasure to present this Handbook to the community of users of Meteorological standards, and to the frequency management community at large who will, I am sure, find it an important reference tool in their own work.

The Handbook could not have been completed without the contributions from many administrations participating in SG 7. However, the work of the Rapporteurs for the various sections of the Handbook was outstanding and special thanks should be given to Mr. David Franc (USA) and Mr. Jean-Michel Rainer (WMO), and to the Chairman of WP 7C, Mr. Edoardo Marelli (ESA) for his leadership of this project. Our special gratitude is also due to Mr. A. Nalbandian of the Radiocommunication Bureau who has played an important role in the publication of the Handbook.

R. M. Taylor


Chairman, Radiocommunication 
Study Group 7



INTRODUCTION
Observing the state of the atmosphere is fundamental to the process of producing weather forecasts and climate predictions. The systems that are used to obtain and disseminate this information require reliable access to radio frequencies 
ranging from a few kHz to several hundred GHz and make use of a variety of radio technologies, such as telecommunication (e.g. for radiosondes or satellites), radars (precipitation and windprofilers) and teledetection (e.g. passive satellite remote sensing or lightning detection). These frequencies therefore represent a scarce and key resource to the meteorological community.
It should be understood that all of the applications that require access to radio frequencies are part of a global meteorological system. The lack of any of this system’s radio components, whether related to observation or to data dissemination, can put the whole meteorological process at risk.

The development of new, mass-market and added-value radio applications is putting increasing pressure on the frequency bands used for meteorological purposes. This presents the potential risk of limiting meteorological applications in future. At particular risk is passive satellite sensing which involves the measurement of very low-levels of naturally emitted radiation in a number of radio frequency bands. These bands are sensitive to more than one geophysical variable and therefore must be used together to derive a number of different quantities. The radio frequencies required to do this are determined by fundamental physics and are unalterable. Continuity of observations using these bands is also essential to the monitoring and assessment of climate change.
Meteorological users of the spectrum must remain vigilant and increasingly address issues concerning sharing of the spectrum with other radio-communications services. In recognition of the prime importance of the specific radiocommunication services for meteorological and related environmental activities required for the safety of life and property, the protection of the environment, climate change studies and scientific research, the World Meteorological Organisation (WMO) has issued Resolution 3 (Cg‑XIV) appealing (see www. ?????) :

· to ensure the availability and absolute protection of the radio-frequency bands which, due to their special physical characteristics, are a unique natural resource for spaceborne passive sensing of the atmosphere and the Earth surface,

· to give due consideration to the WMO requirements for radio frequency allocations and regulatory provisions for meteorological and related environmental operations and research.
In this respect, the last World Radiocommunication Conference (WRC-03) secured several relevant frequency allocations. Likewise, the next WRC, in 2007, will look for extended frequency allocations for several science services that will result in improvements such as increased resolution of satellite imaging of the Earth’s surface, at the same time ensuring that adequate protection is given to passive services from harmful interference from other services.

Recent sharing issues concerning frequency bands used by meteorological systems have resulted in a profusion of studies within the International Telecom​munication Union (ITU) and its Radiocommunication Sector (ITU-R) seeking to determine how spectrum can be made available for new radio applications. These studies have focused largely on spectrum requirements and questions of technical compatibility – whether, and under what conditions, emerging technologies could share spectrum with existing and future meteorological systems. In some instances, these studies have shown that co-channel sharing is not possible and that making additional spectrum available to emerging technologies would involve displacement of existing users, inevitably raising certain questions :
–
Are the projected spectrum requirements for the new technologies realistic?

–
Should current users be forced to vacate all or significant portions of a band?

–
Can current meteorological users afford to change to a new band? Here, one must remember that not all existing systems are operated by wealthy nations or by profit-making entities and that, in particular, frequency bands used by passive sensing are dictated by the laws of physics and cannot be retrieved in other parts of the spectrum 
–
If necessary, can financial assistance be provided by the potentially profitable new technologies? And how these potential profits compare to the economical and societal impacts of meteorology? 
–
If displaced, how much time must reasonably be allowed to permit current band occupants to relocate?

In an attempt to place these studies in perspective, Radiocommunication Working Party 7C “Remote Sensing” of Radiocommunication Study Group 7 and the Steering Group on Radio Frequency Coordination (SG-RFC) of the World Meteorological Organization (WMO) have prepared the present Handbook that is intended to serve as a guide to the professional users of radio-based meteorological systems data to the people and governments served by these meteorological systems and to the radiocommunications community, including regulators and wireless telecommunications industry.
This Handbook provides presentations of Meteorological systems as well as an overview and discussion of each system’s technical characteristics. The description of each meteorological system includes: the RF bands employed, the criteria by which harmful interference from competing users may be predicted and the impact of weather data degradation or loss on public safety.
To assist in understanding this complex area, discussions have been divided into the following types of system:

1. 
General structure of meteorological systems

2. 
Meteorological satellite service

3. 
Meteorological aids service systems

4. 
Meteorological radars, including:


4.1 
Rotating weather radars


4.2 
Wind profiler radars

5. 
Earth exploration-satellite service (EESS) systems for meteorological activities, including:


5.1 
Passive microwave radiometry sensing


5.2 
Active sensing systems

6. 
Other radiocommunication systems for meteorological activities, including:


6.1 
Broadcasting and dissemination systems


6.2 
Hydrological remote systems


6.3 
Fixed remote systems


6.4 
Radionavigation systems


6.5 
Lightning detection and location systems


6.6 
Ground based passive remote sensing systems.

To aid the reader, a brief compendium of acronyms and abbreviations is attached along with a pointer to a more complete set of definitions of meteorological terminology.

This Handbook focuses on systems that collect and transmit meteorologically observed data and the relation of these systems to the use of RF spectrum.
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1.1
Meteorological systems of the World Weather Watch

The World Weather Watch (WWW) is the basic programme of the World Meteorological Organization (WMO) and is implemented and operated by the 187 WMO Member States and Territories. The WWW is composed of three integrated core system components (see Fig. 1-1):

–
The Global Observing System (GOS) provides high-quality, standardized observations of the atmosphere and ocean surface from all parts of the globe and from outer space.

–
The Global Data Processing System provides processed meteorological products (analysis, warnings, and forecasts) that are generated by a network of World Meteorological Centres and specialized Regional Meteorological Centres.

–
The Global Telecommunication System (GTS) provides for the real-time exchange of meteorological observational data, processed products, and related information between national meteorological and hydrological services.

Figure  1-1

World Weather Watch systems
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1.1.1
Global Observing System

The Global Observing System (GOS), as shown in Fig. 1-2, is comprised of observing stations located on land, at sea, on aircraft, and on meteorological satellites. The GOS is the primary source of technical information on the world’s atmosphere. GOS is a composite system of complex methods, techniques and facilities for measuring meteorological and environmental parameters. GOS ensures that critical information is available to every country to generate weather analyses, forecasts and warnings on a day-to-day basis. The most obvious benefits of GOS are the safeguarding of life and property through the detection, forecasting, and warning of severe weather phenomena such as local 
storms, tornadoes, hurricanes, and extra-tropical and tropical cyclones. GOS provides observational data for agrometeorology, aeronautical meteorology and climatology, including the study of climate and global change. A wide range of economic activities such as farming, transportation, construc​tion, public weather services, and tourism benefit enormously from weather forecasts that extend from a few days, to weeks, or even seasons. Data from GOS are also used in support of environmental programmes everywhere.

1.1.1.1
Surface observing

The backbone of the surface-based system continues to be approximately 10 000 stations on land making observations at or near the Earth’s surface. Observations are made of meteorological parameters such as atmospheric pressure, wind speed and direction, air temperature, and relative humidity every one to three hours. Data from these stations are exchanged globally in real time. A subset of observed data from these surface stations is also used in the Global Climate Observing System (GCOS).

Figure  1-2

GOS
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1.1.1.2
Upper-air observing

From a network of roughly 900 upper-air stations around the world representing about 1 000 000 yearly launches, radiosondes attached to free‑rising balloons take measurements of pressure, wind velocity, temperature, and humidity from just above ground to heights up to 30 km. In ocean areas, radiosonde observations are taken by 15 ships, which mainly ply the North Atlantic, fitted with automated shipboard upper-air sounding facilities.

1.1.1.3
Radar observations

Doppler and wind-profiling radars are proving to be extremely valuable in providing data of high-resolution in both space and time, especially in the lower layers of the atmosphere. Doppler radars are used extensively as part of national, and increasingly of regional networks, mainly for short-range forecasting of severe weather phenomena. Particularly useful is the Doppler radar capability of making wind measurements and estimates of rainfall amounts. Wind profiler radars are especially useful in making observations between balloon-borne soundings, and have great potential as a part of integrated observing networks.

1.1.1.4
Observing stations at sea

Over the oceans, the GOS relies on ships, moored and drifting buoys, and stationary platforms. Observations made by about 6 700 ships recruited under the WMO Voluntary Observing Ship Programme, collect the same variables as land stations with the important additions of sea surface temperature and wave height and period. The drifting buoy programme comprises about 700 drifting buoys providing 3 500 sea surface temperature and surface air pressure reports per day. [include something on tsunami detection]
1.1.1.5
Observations from aircraft

Over 3 000 aircraft provide reports of pressure, winds, and temperature during flight. The Aircraft Meteorological Data Relay (AMDAR) system makes high-quality observations of winds and temperatures at cruising level, as well as at selected levels in ascent and descent. The amount of data from aircraft has increased ten-fold in recent years to an estimated 50 000 reports per day. These systems provide great potential for measurements in places where there are little or no radiosonde data, and make a major contribution to the upper-air component of the GOS.

1.1.1.6
Observations from satellites

The environmental and meteorological observation satellite network includes near-polar-orbiting satellites and geostationary environmental observation satellites as described on Fig. 1-3). A list of current operational meteorological satellites and their orbital parameters is available at http://www.wmo.int/web/sat/GOSstatus.html
Polar orbiting and geostationary satellites are normally equipped with visible and infrared imagers and microwave sounders, from which one can derive many meteorological parameters. Several of the polar-orbiting satellites are equipped with sounding instruments that can provide vertical profiles of temperature and humidity in cloud-free areas. Geostationary satellites can be used to measure wind velocity in the tropics by tracking clouds and water vapour. Satellite sensors, communications, and data assimilation techniques are evolving steadily, and the vast amount of additional satellite data has greatly improved weather forecasting.
Improvements in numerical modelling in particular have made it possible to develop increasingly sophisticated methods of deriving temperature and humidity information directly from the satellite radiances. The impressive progress made in the recent years in weather and climate analysis and forecasts, including warnings for dangerous weather phenomena (heavy rain, storms, cyclones) that affect all populations and economies, is to a great extent attributable to spaceborne observations and their assimilation in numerical models.

Figure  1-3

Constellation of meteorological satellites
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1.1.1.7
Future plans of GOS

The WWW GOS will continue to be a cost-effective system of operationally reliable surface and space-based (satellite) observing platforms. Future development will increase the spatial and time resolution of the observations. It is expected that, within the surface-based system, technologies 

such as wind profilers, Doppler and HF radars, and lightning detection networks will be deployed on a wider scale. Increasing use will be made of the rapidly growing fleet of aircraft with automated observing and reporting systems to supply data at cruising levels and during ascent and descent. Mobile sea stations will continue to be the main source of surface synoptic observations over the oceans.

The number of ships equipped with automated upper-air sounding facilities will increase and the development of more cost-effective systems will be accelerated. Drifting buoys deployed outside the main shipping routes will continue to supply surface atmospheric and oceanographic parameters from the data-void ocean areas. Through increased use of satellite automatic observing and transmission equipment, the quality and quantity of space-based data will increase. It is also expected that the operational space-based system will include a new generation of polar-orbiters and geostationary satellites with improved sensing systems. The role of satellites will increase through greater use of soundings and pseudo-soundings from geostationary satellites, and through increased numbers of channels and enhanced precision on sounders from polar orbiting satellites.




1.2
Other meteorological systems of WMO programmes

1.2.1
WMO Global Atmosphere Watch

The WMO Global Atmosphere Watch (GAW) integrates a number of WMO research and monitoring activities in the field of the atmospheric environment including the WMO Background Air Pollution Monitoring Network and the WMO Global Ozone Observing System. It includes more than 20 observatories and over 300 regional stations. The main objective of GAW is to provide information on the chemical composition and related physical characteristics of the atmosphere needed to improve understanding of the behaviour of the atmosphere and its interactions with the oceans and the biosphere. Other GAW meteorological systems provide solar radiation observations, lightning detection, and tide-gauge measurements.
1.2.2
Global Climate Observing System

The Global Climate Observing System (GCOS) is intended to provide the comprehensive observations required for monitoring the climate system, for detecting and attributing climate change, for assessing the impacts of climate variability and change, and for supporting research toward improved understanding, modelling and prediction of the climate system. GCOS addresses the total climate system including physical, chemical and biological properties, and atmospheric, oceanic, hydrologic, cryospheric and terrestrial processes.

1.2.3
Hydrology and water resources programme

This programme provides for the measurement of basic hydrological elements from networks of hydrological and meteorological stations. These stations collect, process, store, and utilize hydro​logical data, including data on the quantity and quality of both surface water and groundwater. The programme includes the World Hydrological Cycle Observing System, which is based on a global network of reference stations, and which transmit hydrological and meteorological data in near real-time.
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� Meteorological radars and Wind Profilers Radars are studied within WP 8B under the general Radiolocation Service 
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