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	Summary and Purpose of Document
This document summarizes the WMO observing programmes and groups dealing with observations. It proposes approaches to achieving a higher degree of integration of the WMO observing systems, thus strengthening the contributions of the WMO sponsored observations system to GEOSS.




ACTION PROPOSED

(a) Review the document and identify those elements with direct relevance to GEOSS

(b) Initiate actions or make recommendations to be considered by CBS that would provide a higher degree of integration of the WMO observing systems.

______________

PROPOSALS FOR IMPROVING THE DEGREE OF INTEGRATION OF THE WMO OBSERVING PROGRAMMES

Abstract

The document contains a preliminary analysis of available WMO publications on observing programmes and a review of the role of Technical Commissions or other programme bodies and their Expert Teams dealing with planning, design and implementation of various system components. Areas of commonality and overlap are considered with a view to developing a rationale for better integration of the observing systems in operation. Proposals for structural improvements are made.

Action proposed:

Consideration of the information provided and conclusions drawn.

Consideration of the proposals for structural changes of the programme bodies and the Secretariat. 

__________________________________________________________

1. Consultant Tasks:

-     Analyse the WMO observing programmes in operational or planning stage.

· Prepare an inventory of the groups and bodies dealing with all aspects of planning, implementation and operation of the WMO observing systems.

· Identify areas of commonality, divergence, duplication, etc.

· Make proposals to achieve a higher degree of coordination and integration of the WMO observing systems 

The tasks include the review of the WMO documents relating to the various observing programmes which have been published since last Congress, and considers relevant regulatory and guidance documents. In view of the large volume of the documentation and the limited time available, the consultant could not go into much detail of systems planning, implementation and operation which would have required substantially more time and effort. He therefore focused on the manifold interconnections between the groups and bodies established by various WMO Programmes to satisfy their needs for high-quality in-situ and satellite observations. A tabular presentation of the WMO observing programmes prepared by the Secretariat as a contribution for GEOSS offers a very good first approximation of task 1 so that only a few data sources needed to be added to complete the list.

2. Overview of the WMO Observing Programmes

2.1 Introductory Remarks

Since the foundation of NMHSs, systematic observation programmes were established and reached soon international dimension and operational state. The WMO traditionally has the role of a coordinator and integrator of systems deployed and operated by the NMHSs in accordance with an internationally agreed master plan, e.g. the WWW Plan and Implementation Programme. Although the WWW was conceived from the beginning as the basic system serving all WMO scientific and technical programmes, other observing programmes were established to satisfy specific data needs of meteorological, marine, aviation and environmental applications which have their own planning, design and management structures. In most cases, the facilities of the WWW are used where appropriate, networks overlap and common standards and procedures are applied, i.e. care is taken that system duplication is avoided and resources are not wasted. 

The historical  development of observing systems designed and operated under WMO programmes shows that the complexity of interaction between the responsible programme bodies has been growing steadily over the years and uses substantial resources in terms of expertise and time. It is therefore appropriate to review the structures and processes relevant to the observing systems with a view to achieving better integration and system efficiency. These reviews have been triggered on the one hand by the advent of new technologies opening new data sources and opportunities for data management and on the other hand by major research projects like the FGGE in the early 1980s, the Operational WWW Systems Evaluations (OWSE) carried out in the second half of the 1980s or THORPEX launched only recently. The tremendous impact of the FGGE on the WWW planning and implementation is well documented and it is likely that THORPEX results will have similar effects on the observing programmes.

The GEO initiative launched by the G8 states adds another dimension as it includes elements of earth observation which go well beyond the scope of WMO scientific and technical programmes. A new global earth watch system comprising not only systems for atmospheric, oceanographic and hydrological observations and related applications but places emphasis on environmental observations with a view to better understand and predict the system Earth and its impact on the future of mankind. WMO is offering its existing observing systems and basic operational components under its sponsorship as a core element of GEO and should therefore expect that the GEO partners will make full use of this offer.

2.2 List and Description of Observing Systems sponsored by WMO

The WMO observing systems offered for integration in the GEO System of Systems have been adequately described in a brochure prepared by WMO for a meeting of the Earth Watch Partners.

For the purpose of the present meeting a few pieces of supplementary information on the mentioned list are given as follows:

i) AeM Programme of Aerodrome Observations:

Purpose: Provision of operational meteorological (OPMET) information to aircrews as defined in WMO Technical Regulations, Vol. II.

Implementation at all aerodromes used by civil aviation. In general collocated with the RBSN surface but many more observing sites located at smaller airfields.

Data used, for take-off and landing, flight planning and for weather forecast and warning services.

Data requirements stated by AeM in cooperation with ICAO.

System funded by aviation and operated under supervision of NMHSs.

ii) AgM Programme of Agromet Observations:

Purpose: Provision of specific data used for Agromet applications and models,  e.g. soil moisture, evapotranspiration etc. but also precipitation and other parameters for the purpose of planning land use, plant protection and farming at higher density than RBSN or climate networks.

Implementation and use mainly limited to NMHS level.

Data requirements stated by AgM 

System funded and operated by NMHSs.

iii) AgM Programme of Phenological Observations:

Purpose: Provision of information on the development of vegetation phases of specified plants during the growing season, used for planning of farming activities.

Implementation mainly on regional and sub-regional scale spreading in temperate regimes.

Data requirements stated by AgM potentially important for GCOS/GTN

System funded and operated by NMHSs

iv) WWW Programme of Wind Profilers:

Purpose: Provision of high resolution upper-air wind/temperature sounding data using vertical radar supplementing the RBSN upper-air network.

Implementation on NMHS level, integration in regional network, e.g. EUCOS.

Data requirements stated by regional WWW programme and NWP of high impact weather.

System funded and operated by NMHSs, sometimes research.

v) WWW Programme of Radar Observations:

Purpose: Provision of information on precipitation coverage and movement, radial wind component.

Implementation as national and regional networks with complete area coverage.

Data requirements stated by TCP, NDRM programmes, WWW/NWP, PWS, AeM etc.

System funded and operated by NMHSs.

vi) WWW Programme of Lightning Detection Systems:

Purpose: Provision of information of lightning activities, location and frequency supplementing satellite imagery and radar observations.

Implementation as national networks with much larger than national coverage.

Data requirements stated by AeM, NDRM programmes, PWS, Climate applications etc.

System funded and operated by NMHSs.

2.3 Analysis

Most of the WMO sponsored observing programmes are interconnected since 

· data from the various systems are required and used normally for several programme purposes;

· observing sites for fixed station networks have to be collocated for practical and cost reasons;

· data sources may deliver complementary information (e.g. upper-air soundings from RBSN, AMDAR and wind Profilers) which has a bearing on the network design;

· satellite measurements are depending on high-quality in-situ observations for calibration;

· data collection and data management can be jointly organized, and the same applies for

·  performance monitoring and quality control.

The data requirements of WMO programmes are differing in terms of accuracy, resolution, coverage etc. but all need standards for technical equipment, data management and archival services. In many cases requirements can be harmonized with a view to building multi-purpose structures.

In-situ surface-based systems have a disadvantage in that they cannot provide homogeneous coverage of the globe and large differences exist in regard to implementation and performance, as is visible from the yearly monitoring campaigns.

Mobile platforms for in-situ observations, e.g. from ships or aircraft have gained importance as supplementary data sources for conventional (RBSN) systems which improves data collection from the data-sparse areas and offers opportunities for targeted observations.

Surface-based remote sensing (e.g. radar, profilers, lightning detection) are gaining much value by formation of networks and merging with data from other systems. 

Satellite observing programmes are rather special as the first meteorological satellites have stimulated the UN Resolution on peaceful use of outer space which led to the foundation of the WWW as the most important WMO Programme. Since then, the importance of satellite observations in the day-to-day work of NMHSs and for all scientific and technical programmes has outmeasured the ground-based observations. WMO took this into account when establishing the WMO Space Programme and instituted the high-level consultative meetings with the operators of meteorological and environmental satellites. The GEO initiative is again stimulated by the potential of various satellite systems generating a wealth of data on the system Earth which need to be combined with the broad spectrum of in-situ measurements collected under various scientific programmes in an attempt to gain a better understanding of the processes of importance for the human environment.

3. WMO Groups and Bodies dealing with Observing Systems

3.1 General Remark:

Since all scientific and technical programmes of WMO depend on a continuous flow of observational data which they analyse and turn into user oriented output products, virtually all their bodies are concerned with observing systems. For the purpose of developing proposals for the integration of various WMO observing programmes attention was given to those groups, bodies, expert teams, rapporteurs who have responsibility to 

· formulate data requirements, 

· deal with planning, design and implementation of observing components,

· develop standards for applicable technology and procedures for site selection,

· advise on standards and best practise of observations,

· monitor implementation and performance of operational observing systems,

· deal with data quality and continuity of services, etc.

3.2 Programme Bodies and Teams

Judging from the available documents there is a great number of experts active in observations related teams. The experience with enquiries for nomination of experts to serve in the OPAGs of Technical Commissions also shows a majority of persons willing to take responsibility for observing systems. The WMO Programmes are obviously not lacking expertise to plan and implement observing systems to satisfy their data needs. The same applies for the number of teams dealing with the above aspects of the observing programmes. In an attempt to prepare an inventory of programme bodies, OPAGs and their expert teams each programme was looked at with a view to identifying relevant groups and teams dealing with observing systems and the results are listed as follows:

	WMO Programme
	OPA
	Team
	Mandate
	Component

	WWW

              CBS 
	Integrated Obs.

Systems (IOS)
	
	Rolling Requirement Review
	

	
	
	ET-ODRRGOS
	Data requirements and redesign the IOS
	GOS

components

	
	
	ET-SSUP
	Sat system use and Products, advise Sat operators on required data, products and services
	Space-based Systems &

services

	
	
	ET-AWS
	Integration of AWS in IOS
	Automated observations

	
	
	ICT-GOS
	Implementation GOS

Capacity building, training
	Impl. Supprt

& planning

	
	Integrated Systems

and Services (ISS)
	ET-DM
	
	

	
	
	Inter-Comm

Task Team on WIS
	Requirements for data services and related DM standards

implementation of WIS concept
	WMO Information Systems

	IMOProgram

                  CIMO
	All OPAGs
	ETs
	Instrument standards and specs

Procedures for observations
	All surface

observations

	WWW & AREP
	WWRP
	SEGs
	IOS component evaluation

Simulation experiments
	OSE

OSSE

	WMO Space

Program    CBS
	High-level consult.

on SAT policy
	
	Advise on data requirements for 

all WMO Programs, consultation on SAT systems
	SAT systems

	
	
	CGMS
	coordination of meteorological & environmental SAT programs
	SAT systems

	
	
	CEOS
	Program design and implement. & coordination of earth obs. satellites
	SAT

systems

	Regional Programs
	WWW WGs
	ET on Radar networks
	Requirements for exchange of radar data for warnings,

DM and data exchange arrangements
	Radar networks

	
	
	EUCOS
	design and implementation of 

composite obs system for Europe
	EUCOS

	Marine Programme JCOMM
	Observations Programme Area
	
	
	

	
	
	DBCP


	Implementation, evaluation, development of the data buoy observing component


	Databuoys,



	
	
	Ship Obs Team(SOT)

 VOSP

SOOPIP
	Implementation, monitoring of operations, QC of ship obs progr

Integration of environmental observations
	Voluntary obs Ships

Ship of opportunity program

	
	
	ASAP Panel
	Implementation, monitoring of ASAP deployment

WRAP project leader
	ASAP

	Marine Program

JCOMM 
	Obs Program Area
	ET-GLOSS
	Implementation, monitoring,

Deployment of equipment

Arrange data centres and –flow
	Sea level 

Observing system

	
	
	ARGO

Steering Team
	Implementation and coordinated

Deployment of ARGO floats, monitoring data flow
	ARGO

	
	
	Rapporteur

on SAT
	State marine data requirements
	SAT 

programs

	AeM Program

                 CAeM
	
	AeM WG

PROMET
	State aeronautical data requirements (OPMET)
	Aerodrome observations

	
	
	AMDAR

Panel
	Implementation, demo projects

AMDAR data centre, -exchange
	AMDAR

	AgM Program

               CAgM
	Program Area

Support Systems for AgM Services
	
	State obs data requirements for

AgM Services, network implementation, DM
	AgM station

network

	
	
	Regional ET on phenolog Obs
	State data requirements for phenological observations, standards for obs practises 

DM and data exchange
	Phenolog. 

network

	HWR Program

               CHy
	
	
	Data requirements for HWR

implementation of obs network

arrangements for data exchange
	WHYCOS

	ARE Program

               CAS
	
	ECP/WG 

environmt pollution &

atm. chem.
	Data requirements on atmosph. pollutants and constituents,

data centres, DM standards, implementation of GAW system
	GAW

	WCP
	
	
	
	

	GCOS
	Steering Group
	Atmospher.

Domain
	Data requirements for GCOS,

definition of GSN, GUAN,

adequacy reports
	GSN

GUAN

GAW

	
	
	Oceanic Domain
	Data requirements on GOOS components

Adequacy reports
	VOS, GLOSS,

ARGO etc.

	
	
	Terrestrial 

Domain
	Requirements for hydrological data, definition of GTN-H

adequacy reports
	GTN-H


3.3 Discussion

The table of bodies and groups with direct responsibilities for the WMO sponsored observing systems can only give a weak impression of the complexity of cross-programme interaction and cross-representations necessary to meet the requirements of the programmes concerned. The Technical Commissions and other programme bodies perform a tremendous task in coordinating the various components of the integrated observing system of WMO. 

Considering the historical evolution of many of the components, it is not surprising that a few differences still exist in regard of data management, data exchange policy and transmission channels, or scientific ground work for system design and configuration. WMO has put much effort into harmonizing technical solutions, applicable standards and observing practises as a first step towards the integration of the components of the IOS. In particular the following steps were taken:

· the WWW basic systems (in particular GOS, GTS, DM) are progressively expanded to serve as a multi-programme infrastructure;

· the Rolling Requirement Review (RRR) was established to compile and evaluate the data requirements of all WMO Programmes and advise on observing systems to meet them;

· the (CIMO) Guide on Instruments and Methods of Observation provides a compendium of relevant sensor technology and observing practises;

· the WWW Manuals and Guides on GOS, GTS, DM and Codes provide regulations and guidance on the establishment of basic WWW system components for data collection, data formats and exchange;

· regular monitoring and special monitoring campaigns provide information on the performance of the observing systems and availability of data on global, regional and national levels.

With the exception of the CIMO Guide all above items fall under the responsibility of CBS. 

It is recognized, however, that some programmes have developed separate procedures, e.g. for data exchange, data management, archiving services, quality assurance etc. In most cases, there was good reason to do so, when the facilities and standards of the WWW basic systems did not fully meet with the requirements of the programmes in question. Examples are data collection through service ARGOS, specific system monitoring for several components (AMDAR, ASAP, data buoys etc.) or the establishment of GAW quality assurance centres. 

As much as it was necessary to have technical solutions and operational structures to supplement the WWW basic systems, there must be a WMO strategy to integrate them into a common systems approach with a view to making best use of the existing resources. The implementation of this strategy is a responsibility of the constituent bodies of WMO and the Secretariat as their executing arm.

Looking at the table of programmes, groups and teams dealing with WMO observing systems, it is evident that 

· the experts involved usually come from a different program background but must have similar qualifications. (In fact many experts are members of several groups and bodies);

· several functions of the above groups are more or less overlapping and may not require specific program background;

· the complexity of interactions between the many groups either directly or through the established reporting mechanisms is increasing with the number of programmes.

 What can be done to reduce the complexity or to cope with it efficiently?

3.4 Main Functions of Programme Bodies and their Teams

In response to the above question it is useful to analyse the main functions of the programme bodies and their working teams as they are given in the terms of reference. They can be characterized as follows:

· Stating requirements for data and products (Program specific);

· Stating requirements for system services (e.g. DM, QC etc);

· Specify technical solutions;

· Plan System design and implementation;

· Acceptance and ownership (partly program specific);

· Funding arrangements;

· Monitor system operation and performance;

· Plan implementation support and training;

· Communication and coordination with other systems (incl. Regular reporting & Info).

It is noted that only the first function on the list is entirely program specific, all the others can use action models from other system components of the IOS. The following example may illustrate what has happened in many programme groups of WMO throughout the years:

3.5 Automated Aircraft Weather Reporting: ACARS, ASDAR, AMDAR, TAMDAR etc.

1. Specification of a technical solution already 1976, to be tested in FGGE.

2. Creation of the ASDAR/AMDAR consortium to fund, develop and operate the system as a component of the WWW/GOS, design specs for industry production.

3. Acceptance by EC Res. (1986), establishment of ASDAR fund in WMO.

4. Requirement stated by CBS and indirectly by CAeM to replace AIREP.

5. Regular reporting on ASDAR to CBS and info to Members.

6. Appointment of ASDAR coordinator funded by the Consortium.

7. ASDAR re-engineering to AMDAR.

8. Creation of the AMDAR Panel (reporting to CAeM to follow the ASDAR Consortium.

9. AMDAR promotion and regional demo projects, implementation support etc.

10. Establishment of AMDAR centres for data collection, selection QC and distribution.

Conclusions:

i) The AMDAR example shows that it normally takes many years from testing a prototype solution to become a fully operational component of the GOS, although the potential of the new data source to provide upper-air data of high quality in this case was recognized and demonstrated already in the early 1980s. Due to the active role of the sponsoring consortium and the Secretariat this system reached operational stage and is now delivering highly desired upper-air data and is likely to have positive impact on the design of the RBSN. It should be noted also that the AMDAR Panel is reporting to CAeM instead of CBS which indicates a temporary organizational weakness in the Secretariat.

ii) The AMDAR example also shows that once a component of the GOS reaches acceptance as a fully operational component, the transition from the experimental environment (programme related project or research set-up) to the operational environment should be consequently made. This would be the time when the task of the relevant planning, design and implementation group is completed and its remaining functions should be handed to bodies dealing primarily with operational aspects of the system in question.

iii) The AMDAR system like some other components of the GOS (ASAP, data buoys) had great benefit from the establishment of a permanent system coordinator (under jointly funded contract) who took care of the day-to-day tasks of communication, system performance, maintenance and logistic support, liaison with platform providers, performance monitoring etc. This was found particularly helpful for the start-up phase but also for later operations of the system. 

3.6 Integration of Projects and Strategies:

The simple model of integrating a new data source as an operational component of the GOS cannot be used for the integration of new observing strategies or concepts like GCOS or GEO. Without further description of the well known history of the UNFCCC which stimulated the requirement for permanent, systematic observations of the global climate and environment to detect climate changes, GCOS is an example of a system which makes use of existing WMO structures by intelligent integration in its own planning processes.

The GCOS Steering Group as the main programme body has stated requirements for observational data to be collected through existing in-situ and space-based systems. Specifications of technical system solutions and requirements of accuracy, time and spacial resolution, and details of data exchange are developed by the GCOS scientific panels on the atmospheric, marine and terrestrial observations. There is intense cooperation with relevant WMO programme groups within the Panels to which WMO actively contributes.

The GCOS Panel for Atmospheric Observations has defined the network of upper-air stations GUAN and the network of surface stations as a subset of the RBSN by simply selecting stations in accordance with a catalogue of criteria like continuity of observations, data quality, data coverage, available time series etc. The implementation is left to relevant WMO Programmes and appropriate assistance. In regard to atmospheric observations GCOS can build on already implemented systems like the WWW basic systems, GAW and other systems. The same applies to marine and oceanographic observing systems, although the addition of GCOS data requirements gives considerable boost to the national and international efforts for implementing the components of the Global Ocean Observing System some of which (e.g. the ARGO floats) are still in the start-up phase. 

The GCOS programme office and the GEO office for good reasons are both located in the WMO Secretariat since this offers welcome opportunities to keep in touch with all relevant WMO observing programmes on a day-to-day basis. The main function of these embedded offices is to represent their programmes, communicate requirements, provide regular information and produce reports directed to the WMO constituent bodies and to outside authorities and decision makers (e.g. the Conference of the Parties). The WMO Programmes in turn hope for support in form of external funding and other resources.

The relations to WCRP and the THORPEX offices are somewhat different as their requirements for observational data are project oriented and therefore of limited duration. It is known, however, that temporal observing systems of proven quality have a good chance of being transformed into operational structures (e.g. TOGA, TAO array) when permanent data requirements are stated by the WMO Programmes.

4. Ways to achieve a higher degree of integration of the WMO Observing Systems

4.1 The need for a WMO IOS

There are several practical reasons for an integrated WMO Observing System (IOS) which reside in the fact that 

· The full value of data from the WMO observing components is only obtained from the combination of data sets of various data sources; 

· DM standards must be uniform for all components to achieve ready access to data and interoperability of the systems;

· Planning, design and implementation of system components can benefit from standard procedures;

· WMO should speak with one voice when offering its IOS as core structure for GEOSS.

4.2 The need for Programme Groups and their Teams

The authority of programme groups and their expert teams to state data requirements, advise technical solutions, develop systems design criteria, recommend implementation strategies and advise on funding options should not be challenged. These groups are also needed for cross-programme activities including cross-programme representation relating to IOS.

As soon as the IOS component reaches a pre-operational stage, it should be handed to a permanent body which deals with system operations, maintenance and management of the IOS. This eliminates the perpetuation of special systems groups and duplication of certain tasks.

An IOS steering and management group should be formed to carry out all cross-cutting functions needed for the operational WMO observing components.

4.3 Changes in the Secretariat

The number of experts and units in the Secretariat dealing with observing systems is high, given the large number of bodies and teams they have to support as well as the broad spectrum of subjects they have to cover. From the above conclusions it can be seen, that WMO programme groups and their expert teams will continue to work on the development of suitable observing systems, design, strategy and standards. There is a marked tendency towards cross-programme groups and inter-commission task teams which reflects the interdependence of the observing programmes and strengthens the acceptance and ownership of the systems in question.

The analysis also shows that 

· many expert teams invest substantial efforts in questions relating to the day-to-day operation of observing system components,

· monitoring, data management, data communication and quality control in operational systems can use standard procedures and common infrastructures (e.g. WIS, GTS etc),

· technical support cross-programmes is already given by the IMO Programme and

· the considerable number of specific funds established in WMO and fed by voluntary cash contributions of Members for components like AMDAR, ASAP, GAW, etc. would profit from better transparency.

A consequence of the above facts might be that WMO considers a concentration of the Secretariat support for operational observing systems, e.g. in a Department of Observations, which could comprise relevant parts of the present WWW-B, the SAT office, the IMO unit, the GAW office, the WCP Data unit, the HWR unit dealing with observations, and parts of other programmes as far as they are mainly concerned with operational aspects of the observing systems.

