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Summary and Purpose of Document

This document lists the various statement made by constituent bodies of WMO on the subject of forecasting standards.  An article written on the subject by the President of WMO is also listed.  
ACTION PROPOSED

The Team is invited to read these statements and use them to understand the reasons for forecasting standards, to drive its work and to make appropriate recommendations contributing to the development of forecasting standards for the benefit of NMHSs. 

Appendix A:
- Statements of WMO constituent bodies.

Appendix B:
- The development of standard and/or recommended practices and procedures in the field of weather forecast production technologies, by A. I. Bedritsky, President of WMO
Appendix A:

STATEMENTS OF WMO CONSTITUENT BODIES
What did Congress say about WMO standards for weather forecasts?

7.2.22
Congress was of the view that the establishment of a WMO standard and/or recommended practice for weather forecasting techniques would assist in producing more reliable forecasts, using optimally the current levels of meteorological science and technology.  A standard and/or recommended practice for weather forecasting might include a series (or chain) of mandatory and desirable elements representing the stages of weather forecast preparation.  While care would be needed to avoid giving the impression that weather forecasting was a purely mechanical linear process, each element of that practice could be described by a set of standard and/or recommended procedures.  At the same time, it was important to recognize the need to take into account the varying situations among countries and the possible diversity in the need for, and appreciation of, such standards.  CBS had been requested to study the matter with a view to taking appropriate steps to develop recommendations.

What did the last Executive Council say about WMO standards for weather forecasts?

3.1.34
With regard to severe weather forecasting, the Council was pleased to note that CBS’ goal was to define methodologies to improve techniques to deliver forecasts to authorities and the public, including the concept of risk assessment by probabilities.  The Council asked CBS to give consideration to the development of guidance and support systems for forecasting.  In that respect, it was noted with satisfaction that CBS had started work on the development of WMO standards or recommended practices for weather forecasting as requested by Cg-XIV.  A first conceptual plan on the approach to tackle this task was being reviewed and would to be considered by the next CBS session.
APPENDIX B:

The development of standard and/or recommended practices and procedures in the field of weather forecast production technologies

(by A. I. Bedritsky, President of WMO)*

1.
The issue of weather forecasts and warnings for the safety of life and property is seen in all countries as one of the main tasks of the National Meteorological or Hydrometeorological Services (NMS).  To carry out this task, each NMS has the appropriate infrastructure, providing a standard international level of quality for observations, data processing and the exchange of information and products.  Standard and recommended practices and procedures are given in the WMO Technical Regulations (WMO-No. 49) and in the Manuals on the Global Observing System, the Global Data-processing System and the Global Telecommunication System.

2.
As regards forecasting technology, there are at present no widely recognized standards or recommended practices and procedures.  Chapter A.2.1 of the WMO Technical Regulations mentions only the functions of meteorological centres and Chapter A.2.2 covers only synoptic analysis and forecasting practices.  The Manual on the Global Data-processing System (WMO-No.485) contains detailed procedures for monitoring the quality of observational data, practices for the graphical representation of data and products and some other suggestions, but does not cover forecasting technology.  This is because in previous weather-forecasting practice, forecasts were issued only by the NMS.  Forecast preparation techniques were mainly confined to synoptic analysis and interpretation of surface and upper-air observations at standard times and of climate data for a given territory.  That has now changed.  Weather forecasts are now issued not only by NMSs but also by various commercial entities, including the media.  The technology for the preparation of forecasts at NMSs and in commercial entities is quite varied, and this influences the quality of such forecasts.

3.
In 2001, at the 53rd session of the WMO Executive Council, the author of this article presented a document in which it was proposed that standard and/or recommended meteorological practices and procedures for the preparation of weather forecasts at NMSs could be one way of improving meteorological services.  The Council recognized the importance of adopting standard and/or recommended practices and procedures for forecasting technology and international formats for the texts of weather forecasts and warnings issued by NMSs.  It requested the Commission for Basic Systems to study the matter with a view to taking the appropriate steps to develop recommendations on such practices and procedures (abridged final report of EC-LIII, paragraph 12.1.19).  Some possible approaches to this problem are presented below.

4.
In the second half of the 20th century, weather forecasting technology underwent dramatic change.  Thanks to progress in computer technology, remarkable achievements were made in the field of hydrodynamic modelling of global circulation.  This in turn led to the creation of operational systems for the numerical analysis and forecasting of the weather.  In the modern forecasting technology used by NMSs, the drawing-up of numerical forecasts and/or the use of their outputs has become an important element, indeed the main element for the future preparation of final weather forecasts. That is, this element is fully capable of being a part of a standard and/or recommended practice for the preparation of a weather forecast.  In addition, it is now possible to identify a series of functions of numerical forecasting systems, which may be described and adopted as standard and/or recommended procedure. (The term “procedure” relates here to a description of required and/or desirable functions of a possible “numerical model” element of a standard and/or recommended practice for the “weather forecast preparation technique”.  In this article the term is used only for clarification).  It is also possible to define general procedures for other possible elements of standard practice: the use of the output products of numerical models for physical and statistical forecasting of meteorological elements; the use of data from satellites, weather radar and intensive observations; and the use of synoptic analysis and forecasting methods.

Modern forecasting techniques

5.
Toward the end of the 20th century, meteorologists achieved remarkable results in the forecasting of large-scale weather systems.  In many countries, hydrodynamic models of global atmospheric circulation were developed and introduced, which made it possible to precompute atmospheric conditions with a range of five to seven days.  Earlier still, thanks to close international cooperation within WMO, constantly functioning global observing, telecommunication and data-processing networks had been established.  They were the sine qua non for the issue of numerical weather forecasts in weather centres of the World Weather Watch (WWW).

5.1
Depending on requirements, various types of models for numerical weather forecasting have been created.  There are global, hemispheric, regional and mesoscale models.  Numerical medium-range forecasts are generally formulated with the use of global and hemispheric models.  Short-range forecasts are calculated on the basis of regional and mesoscale models.  Modern hydrodynamic models make it possible, with the use of the latest data-processing technology and the possibilities offered by powerful computers, to precompute not only large-scale meteorological fields, but also local weather, i.e. to draw up a forecast of meteorological values at any point on Earth.  While such “automated” forecasts are somewhat less accurate than those drawn up by NMSs, they are nonetheless distributed to users, mainly by commercial structures.

5.2
There is no doubt that the ability to forecast local weather globally and regionally from one and/or several centres marks a new stage in the development of the WWW.  At the same time, this may have a serious impact on its future functioning.  One example is the emergence of the medium- and short-term weather forecasts issued by commercial organizations on the basis of such “automated” forecasts, which are disseminated via the Internet, international television and other media.

5.3
According to the WMO Technical Regulations (see the Manual on the Global Data-processing System, Vol. I, short- and medium-term forecasts must, as in the past, be issued only by National Meteorological Centres “by applying objective or subjective interpretation methods to products received from World and Regional Specialized Meteorological Centres or by integrating regional models using boundary conditions ...”.  It is precisely with such methods, often called computerized methods, that local weather and particularly dangerous weather phenomena are forecast at NMSs.  In recent years, NMSs have stepped up development of automated weather-tracking systems using satellite and radar information, as well as intensive data from ordinary weather observations and automatic stations.  The use of such systems allows forecasters at NMSs to issue more accurate short-term forecasts and to warn of the possible emergence of dangerous weather phenomena locally.  

5.4
At the same time, neither the Manual nor the Guide on the Global Data-processing System says anything about the existence of a commercial market for short- and medium-term forecasts or the reason why the issue of such forecasts remains the prerogative of NMSs.  While the reasons are clear to the meteorological community, it would be useful for decision-makers to have a list in an international document.  The development and adoption of standard and recommended practices for weather-forecasting techniques and their application by NMSs of WMO Members could, in turn, serve as a guarantee of the international quality level of their forecasts, and could boost the role and authority of the NMSs.  It would at the same time give an incentive to meteorologists of commercial organizations to improve their skills and use of modern techniques, and might lead to closer cooperation with the operational forecasting units of the NMSs.

Standards for weather forecasting techniques 

6.
Since short- and medium-range weather forecasts are drawn up on the basis of the output data from hydrodynamic models of global atmospheric circulation, it is quite clear that the main factor in drawing up a standard and/or recommended practice must first and foremost be numerical forecasting techniques.  We know that real-time numerical forecasting systems are dependent upon the special characteristics of the models developed, including their complexity, information base, as well as the software and configuration and power of the hardware used.  There are differences between the techniques used for issuing forecasts at the various meteorological centres.  However, all existing automated real-time numerical forecasting systems include the following functions: 

· Data collection, which performs meteorological message recognition and storage;

· Data processing, which performs decoding for each meteorological message, checks errors, ensures quality control, formats data for analysis and prepares databases;

· Four-dimensional data assimilation and objective analysis, which include:

· Preparation of forecast background fields by intermittent or continuous data assimilation; 

· Multi-level fitting of a mixture of observations (surface and upper-air data obtained by conventional and non-conventional methods) to correct the forecast background field and obtain a grid-point or spectral analysis in a standard coordinate system;

· Initialization of the forecast model, to suppress high-frequency inertia-gravity oscillations excited by imbalances in the initial fields;

· Integration of a prognostic model, which can be based either on filtered and primitive hydrostatic equations or on non-hydrostatic inelastic and fully compressible equations, with the use of a large- or fine-mesh grid, or by the use of a spectral representation;

· Derivation, via statistical-dynamic techniques, of specific weather parameters, such as temperature, cloudiness and visibility, precipitation, etc.;

· Post-processing, which includes:

· Digital meteorological message formatting, e.g. observations, wind and temperature forecasts for aviation, GRID/GRAF or GRIB code formatting of meteorological data, and digital-to-analogue conversion;

· Formatting of computer-generated graphical information for presentation on graphical output devices or for digital and facsimile transmissions.

6.1
These functions are generally outlined in paragraph 3.1.6 of Chapter 3 of the Guide on the Global Data-processing System (WMO-No. 305).  They can be set out as standards and/or recommendations of a procedure of a numerical forecasting element.  Similarly, we can identify standard procedures for another important element of weather forecasting techniques: the use of satellite information in local weather forecasting, of radar data and of intensive meteorological observations (including those carried out by automatic stations).  Along with the procedures recommended in the Guide on the Global Data-processing System, there are numerous rules that have been drawn up by the NMSs.  They have been summarized in the corresponding national publications.  Obviously, standard procedures covering the regional specifics of forecasting methods must be drawn up and applied, taking into consideration the particularities of the regional associations.  In many cases, the use by weather forecasters of automatic working stations in their work can be characterized as a standard procedure as well.  Clearly, as in the past, synoptic analysis and forecasting remain an important element in weather forecasting techniques, making it possible to use the knowledge, experience, talent and individual qualities of the weather forecaster.  It is possible that, with the updating and automation of a large number of processes, it will be necessary to correct the existing standard practice set out, as mentioned above, in Chapter A.2.2 of the WMO Technical Regulations.

6.2
In the author’s opinion, a standard and/or recommended practice for weather forecasting may include a series (or chain) of mandatory and desirable elements representing the stages of weather forecast preparation.  Each element of that practice may be described by a set of standard and/or recommended procedures.  I should like to emphasize the aim of establishing a standard and/or recommended practice at WMO for weather forecasting techniques. Observance of such recommendations would make it possible to achieve the more reliable forecasts that are available at the current stage of development of meteorological science and information and computer technology.  There is no doubt that only NMSs are capable of meeting fully this WMO “standard”.  At the same time, it will confirm yet again to public opinion and the governments of every country the effectiveness of investing in meteorological infrastructure and international cooperation in this field. 

* I would like to express my sincere thanks to Prof. A. A. Vasiliev, president of the WMO Commission for Basic Systems from 1988 to 1996, for his valuable advice and comments.

