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Executive Summary

The sixth session of the CBS OPAG-IOS Expert Team on Requirements and Implementation of AWS Platforms (ET-AWS-6) was held at WMO Headquarters, Geneva, Switzerland, from 22 to 25 June 2010.
The ET-AWS-6 considered the issues requested by CBS-XIV and formulated several recommendations.

With respect of WIGOS implementation, ET-AWS agreed that its Work Plan should be aligned with WIGOS requirements to provide expected support towards the implementation of WIGOS concept.

In considering the process of updating the list of variables to be included in the Functional Specification for AWS and to improve the process of maintaining and updating the functional specification, ET-AWS proposed that variables should have a “mentor” on a semi-permanent basis, and that these mentors will be responsible to keep a certain category of variables up-to-date.

ET-AWS endorsed a proposal originating as a recommendation from the JCOMM Pilot Project for WIGOS to establish an international forum of users of satellite data telecommunication systems that could to address system deficiencies, negotiate tariffs and potential improvements of the rendered services with the operators of satellite data telecommunication systems. Such a forum could partner with International Organizations such as FAO and IOC. ET-AWS recommend initiating a strategy for developing such a forum together with other Technical Commissions and partner Organizations with a view to make a proposal to CBS Ext.(2010).

ET-AWS proposed a pilot project on validation of satellite data with ET-SAT by means of enhanced AWS data.
Guidelines have been developed to assist in the transition from a manual to an automatic weather station. ET-AWS recommended that the Guidelines should be finalizing by the end of 2010 with the aim to have the Guidelines published as a joint IMO and CBS technical report.
The Siting Classification for Surface Observing Stations on Land was finalized. ET-AWS recommended that this Classification should be considered by CIMO-XV (September 2010) for inclusion in the CIMO Guide. Additionally ET-AWS also recommended that due to the importance of such a classification for WIGOS, that this Classification should be promoted to a common WMO and ISO standard. 

ET-AWS identified possible problems in the Rolling Review of Requirements (RRR) and its related databases regarding the GCOS application area. It agreed to communicate this issue to ET-EGOS through the ICT-IOS-6, noting that the definition of accuracy by CIMO and CBS ET-EGOS is different.
ET-AWS developed an updated Work Plan (2010-2012) for consideration by ICT-IOS-6.
____________

General summary
1
ORGANIZATION OF THE SESSION

1.1
Opening of the meeting

1.1.1
The Meeting of the Expert Team on Requirements and Implementation of AWS Platforms (ET-AWS-6) of the CBS Open Programme Area Group for Integrated Observing Systems (OPAG/IOS) opened at 9.30 hours on Tuesday 22 June 2010, at the WMO Headquarters in Geneva, Switzerland.

1.1.2
Dr Wenjian Zhang, Director, WMO Observing and Information Systems Department, opened the meeting on behalf of WMO. He welcomed the participants and explained the significant developments relevant to CBS and especially OPAG-IOS since the last ET-AWS meeting. He mentioned the importance of the Global Framework for Climate Services (GFCS), an initiative resulting from the WWC-3 meeting of last year, one of the four WMO high priorities for next financial period, and how WIGOS plays a pivotal role in its implementation. In addition Dr Zhang also advised that WIGOS itself has just been approved by EC-LXII as another of the four high priorities within WMO.
1.1.3
Dr Zhang emphasized that integration of observing systems within the WIGOS concept has been recognized as a one of eleven WMO major expected results of the WMO Strategic Plan, and that ET-AWS plays an important role in the promotion of integration and standardization related to observing systems. The three key areas of WIGOS standardization were also emphasized by Dr Zhang, namely standards relating to instrumentation, standards for the exchange of data and metadata, and standards relating to final products. Dr Zhang also highlighted some of the important topics that would be discussed during the upcoming meeting, including issues related to the functional specifications of AWS, the transition from manual to automatic observations and the development of AWS metadata catalogues.

1.1.4
Dr Zhang advised that AWS are an important component in national networks, and as an example in China there are now 30,000 AWS installations providing real-time weather and climate observations. He also emphasized the need to provide assistance regarding AWS to least developed countries and countries in remote areas, in line with the third WMO high priority area – Capacity Building. In closing, Dr Zhang wished for a successful and productive session and an agreeable stay in Geneva.

1.1.5
Mr Karl Monnik, Chairperson of ET-AWS, also greeted the participants and expressed his confidence that the session would work cooperatively to fulfil its obligations.

1.2
Adoption of the agenda


ET-AWS adopted the Agenda for the meeting, which is reproduced at the beginning of this report.

1.3
Working arrangements


ET-AWS agreed on its working hours and adopted a tentative work plan for consideration of the various agenda items.

2
REPORT OF THE CHAIRPERSON

Recommendations from AWS-5

2.1 All recommendations were completed, but there is some follow up required on some recommendations and this will be addressed at the respective agenda items.
Chairman’s Report

2.2 The Chairman’s report provided information on activities since the previous ET-AWS-5 meeting in 2008. Mr Monnik welcomed the several new members who have joined the expert team since the last meeting, thanked Dr Zahumensky, the previous ET-AWS chair, and also reviewed the team work plan which had been updated at CBS-XIV. The name of the Expert Team has been changed to ET on Requirements and Implementation of AWS Platforms to incorporate implementation activities related to surface observation networks.
2.3 Mr Monnik also advised the expert team of some outcomes from CBS-XIV that were of relevance, including the adoption of the revised Functional Specification for Automatic Weather Stations, and the adoption of the basic set of variables reported by a standard AWS. CBS-XIV requested the development of BUFR descriptors for all the variables listed in the functional specification. ET-AWS was also requested to continue the development of the AWS metadata catalogues.
2.4 ET-AWS worked closely with representatives of CBS IPET-DRC to resolve BUFR codes for many of the variables listed in the Functional Specifications of AWS. Most of the variables had been addressed, but a small number of the parameters proposed by various Commissions require further refinement and consultation before they can be submitted to IPET-DRC. Guidance material developed by ET-AWS concerning the transition from manual to automated observations was presented to CIMO ET-ST&MT. An exploratory proposal by ET-AWS to consider the potential of surface-based AWS hosted sensors being used to validate satellite observations was considered by CBS ET-SAT and ET-SUP.
2.5 Mr Monnik reported that an ad hoc Working Group meeting on the WIGOS Pilot Project was held to refine the Guidelines for siting classification of surface observing stations as developed originally in France. ET-AWS recognized that this would be a valuable tool for network management and data users. In terms of the WIGOS concept, it was agreed that whilst AWS is only a small component in the much larger overall observational systems, the ET-AWS has an important role to play by providing the guidance material concerning standards to assist in the WIGOS implementation. The ET-AWS was encouraged to consider the three main areas of WIGOS standardization.

3
CONTRIBUTION OF ET-AWS TO WIGOS
3.1 Dr Zahumenský briefed the session on the WIGOS development and implementation, from Cg-XV (May 2007) until EC-LXII (June 2010).  

3.2 The session was informed about the WIGOS phases, the test of the concept phase (2007-2011), the implementation phase (2011-2015), and the operational phase (from 2015), as well as about a set of basic documents developed to assist in the development and implementation of WIGOS during each phase. 

3.3 The basic reference documentation includes the following: the WIGOS Development and Implementation Plan (WDIP), which describes a roadmap between Cg-XV and Cg-XVI; the WIGOS Concept of Operations (CONOPS), which describes WIGOS operational aspects; and the WIGOS Development and Implementation Strategy (WDIS) that was considered by EC-LXII and will be submitted to Cg‑XVI. 

3.4 WDIS describes the steps to be followed by WMO to improve governance, management, and integration of observing systems. WDIS also includes capacity‑building requirements and specifies responsibilities across the WMO system for the further development and implementation of WIGOS, while addressing coordination and technical challenges of the implementation process.
3.5 Specific attention was paid to the WIGOS standardization areas, namely to the first area, dealing with standardization of instruments and methods of observation, as well as to the third one, QMF that are closely related to the work of the ET-AWS. 

3.6 Dr Zahumenský pointed out the tasks of ET-AWS that are closely related the WIGOS, namely: (a) To address requirements for integration, interoperability, standardization and homogeneity of the WIGOS concept, including metadata; (b) To develop draft recommendation for updating of the Manual and the Guide on the GOS in the context of WIGOS concept; and (c) To provide advice and support to the Chairperson of OPAG-IOS in development and implementation of the WIGOS concept.
3.7 ET-AWS agreed that its Work Plan should be aligned with the WIGOS requirements to provide expected support towards the implementation of the WIGOS concept and requested its Chairperson to provide necessary advice and support to the Chairperson of OPAG-IOS.
3.8 Mr Merrouchi made a presentation on the Moroccan WIGOS Demonstration Project, which aims to improve the climatic and meteorological data quality of the surface observing network of the National Meteorological Service of Morocco. The Demonstration Project has two components; the first involves improving of the infrastructure, strengthening of capacities of the Moroccan Regional Instrumentation Centre (RIC) and improving the technical procedures to accomplish traceability to recognized international standards. The second part being the establishment of metadata catalogues of station data and instrument data of the entire Moroccan Meteorological surface observing network. Most of the actions of the implementation plan have been completed, including training activities, acquisition of new equipments and standards for the RIC, and the conducting of laboratory inter-comparisons with RIC of RA VI. The WMO Training Workshop on Metrology for Western and Central RA I (Africa) held in Casablanca, in December 2009, provided an opportunity for the participants to discover the new capabilities of the RIC. This WIGOS demonstration project will be completed in 2011.
3.9 Mr Charpentier provided an overview of the recent developments with regard to the JCOMM Pilot Project for WIGOS. He explained that the Pilot Project is now coming to an end and is working at producing a Project Report that will be finalized by the end of this year and will include comprehensive information on the Pilot Project, including: (i) achievements, (ii) test of concept, (iii) pending issues, (iv) benefits of WIGOS integration regarding oceanographic observations for NMHSs, NODCs, ocean data users and WIS users, (v) impact of the marine observing systems integration, and use of recommended standards on the operations of NMHSs and NODCs, and (vi) legacy recommendations. The Project Report will also include an analysis of the strengths and weaknesses in the management of ocean observing systems leading to some recommendations included in the legacy ones. This project has been addressing many issues of interest to the ET-AWS, including marine instrument standards (with substantial changes proposed to the CIMO Guide), platform/instrument metadata, and the establishment of a network of WMO-IOC Regional Marine Instrument Centres (RMICs). Efforts are also being made to address data exchange so that the ocean data systems operated in the WMO and IOC communities become interoperable with the WIS. JCOMM will continue to support WIGOS integration during the WIGOS Implementation and Operational Phases as part of the legacy recommendations that will be proposed by the Pilot Project; some of which is relevant to the work of the ET-AWS.

4
AWS FUNCTIONAL SPECIFICATION
4.1 ET-AWS discussed the definition of the acronym AWS as, for some users, it may imply an observing station for weather applications only. It considered a new term, such as the Automatic Surface Observing system (ASOS), however it was noted that ASOS is a system, not a station, and is therefore not appropriate. Additionally it was also stated that as AWS is a generic name that is well know within WMO, it is not really necessary to make a change. Mr Charpentier advised that IOC uses ODAS (Ocean Data Acquisition System). A name “Automatic Meteorological Station” was also considered, however it was concluded that to avoid any confusion, it would be necessary to clearly define the term AWS in the WIGOS Manual.
4.2 In considering the AWS Functional Specifications (FS), the ET-AWS noted the lack of clear definition and the absence of a well defined range and reporting resolution of some variables, including "freshwater salinity", "freshwater conductivity", "(net) heat flux" and “Slant Path Visual Range (SVR)" and agreed on a need to review these requirements. 
4.3 The meeting discussed the functional specifications required for the measurement of salinity. It noted that the IOC Assembly in 2009 through its Resolution XXV-7 decided to adopt the International Thermodynamic Equation of Seawater (TEOS-10) which is based on a Gibbs function from which all the thermodynamic properties of seawater can be calculated (McDougall et al, 2009). Ocean applications therefore now use Absolute Salinity (kg.kg-1). However, salinity that is reported to national oceanographic data centres remains the Practical Salinity as determined on the Practical Salinity Scale of 1978 (suitably updated to ITS-90 temperatures). The meeting proposed to replace the terms “sea salinity” and “conductivity” with “water practical salinity” and “water conductivity”, and to keep the respective resolutions and ranges as originally proposed, as those are suitable also for freshwater measurement and also considering the difficulty to define a salinity threshold to distinguish the freshwater; other columns should also be updated accordingly. See: Trevor J. McDougall et al, 2009, Calculation of the Thermophysical Properties of Seawater, Hydrography Manual, IOCCP Report No. 14, ICPO Publications Series no. 134 for further details.

4.4 Concerning the Slant Path Visual Range (SVR), it was noted that the inherent difficulties in its measurement or assessment and the fact that research in this respect has been negligible in recent years. ET-AWS agreed to remove SVR from the FS table at this time. Once a requirement is complemented by suitable instruments to measure SVR, this matter will be reconsidered.
4.5 ET-AWS agreed that FS should be continuously maintained and reviewed. Therefore, two tasks are imminent: (a) To review the name of variables reported in the table of the Functional Specification with respect to WMO standard documents so that the meaning will be clear and no confusion will be encountered, and (b) To provide more precise and validated requirements for measurement ranges and associated resolutions. 
4.6 Taking into account the importance of having accurate information that could help in the proper allocation of BUFR descriptors, the ET-AWS noted that technical commissions, such as CAeM, CHy, CIMO and JCOMM could be involved in the validation of this document. In parallel, HMEI were invited to review FS entries from the manufacturers’ point of view.
4.7 ET-AWS also considered the process of updating the list of variables to be included in the FS for AWS. So far, the requirements from user communities were channelled to ET-AWS through the WMO technical commissions’ representatives nominated on an ad-hoc manner to for the ET-AWS meetings. It is to be expected that during the WIGOS implementation phase a number of new requirements for AWS will be identified. To improve the process of maintaining and updating FS, ET-AWS agreed that proposed variables should have a “mentor” on a semi-permanent basis. These mentors will be responsible to keep a certain category of variables up-to-date. For this practice, he or she will maintain a communication link between the ET-AWS and the different application areas as mentioned in the RRR process, which covers all WMO scientific, technical and co-sponsored programmes. ET-AWS requested the Secretariat to communicate this request to the Presidents of technical commissions. ET agreed to seek guidance from ICT-IOS-6.
4.8 The draft FS is given in Annex V.
5
REQUIREMENTS AND STANDARDS FOR A ROBUST AWS SUITABLE FOR LESS DEVELOPED AND REMOTE AREAS
5.1 ET-AWS discussed several aspects related to the configuration, operation, and maintenance of AWSs in various climatic and environmental conditions. The issues discussed were put into a context with the transition from manual to automatic observations and advancements in technology for AWSs, see items 7 and 11, respectively. 
5.2 In the last 30 years, many countries have installed AWSs in their surface observational network. Though AWS is unmanned by design, frequent visits to the sites are required for conducting preventive maintenance and site maintenance. 
5.3 Requirements for AWSs operating in remote or under-developed regions include, among others: 
· Present metallic enclosures may be replaced by non- metallic ones such as painted wooden boxes which do not heat up the equipment and batteries inside. Another efficient solution is to use a double walled enclosure.
· All AWS connectors need to be protected environmentally by proper sealing. 
· Enclosures need to be suitably modified so that connector’s exposure to the environment is minimal. 
· TBRG has an inherent limitation of missing pulses during very heavy rainfall intensities and may underestimate the actual rainfall. A very rugged rain gauge is required which can measure accurately even during high intense precipitations. 
· Clogging of rain gauge by fine mud deposits due to wind, leaves, twigs, and bird droppings is quite common in remote areas. 
· There is a need for radiation shields which are rugged and represent correct ambient temperature inside. Wooden or plastic Stevenson screens may be employed in place of present shields.
· Dust/mud accumulation on AT / RH sensors vitiates the measurements. Suitable environmental protection is needed for these sensors especially in tropical areas. 
· At present cost of good quality and rugged sensors is still high. Running costs of network management, maintenance, calibration and training are also high. 
· Low cost sensor technologies to be developed.
· Data compression technologies may be adopted to cut the cost of data transmission. 
· Two way communications may be employed for remote diagnostics and troubleshooting to minimize the maintenance costs. 
· Sensors with internal diagnostics and integral redundant elements can be thought of so that maintenance visits to sites can be minimized. 
· To ensure continues power supply to AWS, a hybrid solution of solar panel and wind powered generator may be deployed. 
· At places where sky is overcast for long periods, wind energy can ensure continues supply of renewable energy to AWS. (See Annex II)
5.4 ET-AWS agreed that a technical report should be prepared regarding the Requirements for a robust AWS suitable for less developed and remote areas with a target for finalization by the next ET-AWS meeting. 
Satellite data telecommunication

5.5 ET-AWS noted the recommendation from the JCOMM Pilot Project for WIGOS to work towards establishing an international forum of users of satellite data telecommunication systems. Such a forum – organized with partner International Organizations such as IOC – would build on existing JCOMM mechanisms such as the Argos Joint Tariff Agreement (JTA), and would provide for a mechanism for addressing tariff negotiations, user requirements in terms of data collection and location. 

5.6 Issues of common interest between different user groups could be addressed through such a forum, including data formats for the transmission of observations from an observing platform to the dedicated data processing centre, decoding and conversion to geo-physical units, quality control, encoding into appropriate code formats for international data exchange, and bulk purchase of air time, etc. The forum would permit to address deficiencies and gaps related to the use of such systems, and to make influential recommendations to the operators of such systems.

5.7 It agreed with the proposal of JCOMM to collaborate in the development of WMO requirements for satellite communication of data, and should include other interested parties, e.g. FAO and IOC. ET-AWS acknowledged that while there is a strong demand in the JCOMM community to address such requirements because all ocean observing platforms rely on satellite data telecommunication, the demand also exists for land based systems operating from remote areas, and from regions where ground based telecommunication infrastructures are not necessarily well developed (e.g. RA-I). There is also a growing number of satellite data telecommunication system operators, some of which not being anymore in a monopolistic situation for specific types of observing platforms (e.g. Argos for drifters, Inmarsat for VOS), and others now offering high bandwidth, better timeliness, and/or lower transmission costs (e.g. Iridium). At the same time, there is an increasing demand for the transmission of higher resolution data, better timeliness, and downlink capability.

5.8 ET-AWS also recognized that there would be benefit in having a strong user base covering multiple applications to address system deficiencies, negotiate tariff and potential improvements of the rendered services with the operators of satellite data telecommunication systems. ET-AWS agreed with the proposed approach, and recommended to add this issue as an identified current gap in the “Advances in AWS Technology” document (see item 11). The Team also requested the Chairperson to report on this issue at the forthcoming ICT-IOS meeting, and recommend initiating a strategy for developing such a forum together with other Technical Commissions and partner Organizations in the view to make a proposal at the CBS meeting in 2010. 

6
REQUIREMENTS FOR AWS TO CONTRIBUTE TO THE CALIBRATION AND GROUND TRUTH OF SPACE-BASED OBSERVATIONS

6.1 The exploratory proposal by ET-AWS concerning the potential of surface-based sensors to be used for validation or integration with satellite observations was considered by ET-SAT and ET-SUP. The proposal was recognized as timely in the context of WIGOS. Some tentative observations were identified by ET-AWS after reviewing the Dossier on Space-based GOS. In order to make further progress ET-AWS would provide information on potential networks which could complement satellite observations. It was proposed that a pilot project be identified where the concept could be tested as a first step. ET-SAT and ET-SUP would also consider which geophysical observations would potentially benefit the most from this initiative and report back to ET-AWS within the next year. (See Annex III)
6.2 ET-AWS noted that JCOMM and the DBCP is cooperating with the Group for High Resolution SST (GHRSST) and setting up a Pilot Project whereby drifters will be deployed in a specific geographic region in larger quantities to provide for higher spatial and temporal resolution, and higher accuracy SST data. This will permit the refinement of GHRSST products, and better understand how drifter data complement satellite data. Similar approach might be adopted for other variables provided the DBCP Pilot Project is successful. JCOMM is also working with the GHRSST in order to receive appropriate feedback in terms of drifter SST data quality derived from satellite products. This information is useful to buoy operators for taking corrective action (e.g. removing data from GTS distribution for those buoys reporting systematic errors, or correcting their biases).

6.3 ET-AWS will investigate feasible observations that can contribute to the validation of satellite observations. It requested that ET-SAT identifies geophysical parameters suitable for validation of satellite measurements. It was proposed to start a pilot project similar to the JCOMM one and aimed at validation of satellite products by AWSs.

6.4 It was requested that the HMEI Secretariat approach its members regarding the distribution of instruments used for these specific geophysical parameters. It was pointed out by the HMEI representative that the buyers/users where in fact the ones who specified these AWS and networks and thus best fitted to know the parameters being used in their networks. However the HMEI Secretariat expressed its willingness to pass this request on to the next meeting of its members and/or Council to discuss the feasibility of providing this information. The purpose of this request is to identify the extent of monitoring networks for specific parameters. Mr Lafeuille cautioned that the most useful observations would be those representatives of large uniform area.
7
GUIDELINES FOR AWS TO ASSIST IN THE TRANSITION FROM MANUAL TO AUTOMATIC SURFACE OBSERVING STATION
7.1 Mr Molyneux presented draft Guidelines that were developed by CIMO ET on Surface Technology and Measurement Techniques, building on the experience of UK Met experience during the system change in existing AWS networks, and including the conclusions of the ET-AWS-5 meeting on this issue. The guidelines and procedures for transition from manual to automatic weather stations apply well to the necessary ongoing change processes for any network of weather stations. They can therefore be considered guidelines for successful change management.

7.2 The key message is that the transition to a AWS (or from the old to a new system) is a complex process that requires a well defined plan for the change, covering the technology, changes in staff skills, changes in management processes, including the planned integration in the existing networks, the overall life cycle cost (initial and running). A successful change will consider and control many aspects and risks, such as:
· Technology.   Is it suitably accurate, cost effective and reliable?  Can it be calibrated, maintained and supported for the expected lifetime?  Are measurement changes well documented, for both outgoing and incoming systems?

· Staff.  Any changes in technology imply changes to staff skills and practices.  Are these well founded and practical?  

· Integration.  Is the introduction of new technology, practices and data readily integrated with existing or planned structures?

· Control.   Is the overall control and planning of the project sufficient to cover and resource all the aspects listed and that will arise?

7.3 The challenges experienced managing an AWS network, primarily in remote and underdeveloped areas, are related to instrumentation, site installation and maintenance, data processing, and communication. The challenges vary from region to region; e.g. the tropical conditions are affected by events of high rain intensity, high humidity levels, dust, high temperatures, high salt content in the atmosphere, rapid growth of vegetation, insects and other wild life. The problems are associated with AWS enclosures, radiation shields, sensors, cabling, site maintenance, birds / rodents, thefts etc. (See item 5.1).
7.4 ET-AWS especially invited JCOMM to review the "guidelines" document in order to bring the marine perspective into it. It noted that the document is mostly relevant to the Ship Observation Team (SOT) as other types of observations (buoys, floats, etc.) are always automated.
7.5 ET-AWS noted that with the automation of visual (manual) observations there is a tendency that incorrect reports of present weather occur, even if the UP code (Undefined Precipitation) exists to limit them. This tendency for incorrect reports occurs less frequently for “basic” parameters (e.g. wind, temperature).. Efforts are made to limit the incorrect reports, but the confidence level of automatic observation of visual parameters (mainly present weather) is far from the reliability reached for “basic” parameters.
7.6 This may cause a problem to the users, who currently consider the human observation as unquestionable. The automatic observation of visual parameters is not perfect and will not be still for a long period of time. This doesn’t remove the need for the automatic observations, but it is a specific characteristic of the observation, compared to the more “basic” parameters (except when measured in severe conditions). Therefore, the users have to be aware of this characteristic. A way to mitigate this characteristic is to deliver an uncertainty parameter, if it is possible to calculate one within the observing system. 
7.7 ET-AWS agreed that these "guidelines" should be expanded by seeking additional input from ET-AWS members as well as other expert teams, such as CIMO ET-ST&MT. This should be completed towards the end of September 2010 with the aim of finalizing the "guidelines” by the end of 2010. The "guidelines" should then be published as a joint IMO and CBS technical report.
8  
AWS METADATA CATALOGUES 

8.1 Mr Kerherve advised that WIS has developed catalogues of metadata for purposes of search and discovery using ISO 19115. WIS is also working with Open Geospatial Consortium (OGC) on interoperability of models of phenomena and data.
8.2 The ET was asked to examine the development of catalogues for instrument metadata in response of the provisions of the Guide on GOS, WMO-488, Part III, Appendix III.3. The BUFR descriptors 0 02 175 to 0 02 189 were examined. Based on the findings, additional current methods of measurement, based on the principle of measurement, currently in use for the specific methods of measurement were identified and listed. The terminology, currently included in the BUFR descriptors, was validated against the International Meteorological Vocabulary, WMO-No.182 (IMV). The tables in the document contain a column which indicates whether or not the term used is recognized in the IMV, and provides the Vocabulary terminology where the term in use is different. All the information on the sensors or the method of measurements provided has been developed using the CIMO Guide, WMO-No.8 and CIMO led intercomparisons, as primary source.
8.3 Overall, the assessment has found that the BUFR descriptors for air temperature, atmospheric pressure, dew point, and wind are representing sensors in use for upper air measurements. There are no descriptors for the same parameters for sensors used in other in-situ systems. The BUFR descriptors for precipitation and snow on the ground have been reviewed and where identified, additional methods of measurement and configurations, currently in use, were provided. The descriptors for cloud measurements and present weather type were reviewed and found to include all methods currently in use.
8.4 ET-AWS noted that significant amount of the work should be done to finalize this task. A priority will be given to those metadata required for real-time exchange. It was recognized that NMHSs may have difficulties to supply the additional metadata.
9  
GUIDELINES FOR THE SITING CLASSIFICATION OF SURFACE OBSERVING STATIONS
9.1 ET-AWS recalled that a proposal for Siting classification of surface observing stations, initially developed by Météo-France, was discussed by the ET-AWS-5 (May 2008) and by the CIMO ET-ST&MT (September 2008). Following the positive support of these two Expert Teams, the WIGOS Pilot Project Ad-hoc Working Group on met in October 2009, to finalize draft guidelines on the Siting Classification. After intense work, both during this meeting and subsequent exchanges and telephone conferences, the Siting Classification for Surface Observing Stations on Land was finalized.
9.2 This “validation” process and the differences with the “original” classification were presented by Mr Leroy. A question was raised about the maximum class number that would be acceptable for a given need. The goal should be Class 1, but in practice a compromise may be needed for number of reasons. For example, the Class allowed by Météo-France for the “essential” stations (related to WMO Resolution 40) is Class 1 and 2; for other stations, the allowed class number is 3. For specific local use, a Class 5 may be appropriate, but would not be representing wider area.

9.3 The ET-AWS agreed on the importance of such classification for WIGOS as it would allow documenting the representativeness of different stations of different networks, thus allowing assessing their suitability for different applications. ET-AWS agreed on the approval process of this Classification and had proposed that CIMO considers it at CIMO-XV (September 2010) for inclusion in the CIMO Guide.
9.4 ET-AWS agreed that guidelines would be needed for the implementation of this Classification in a form of a Technical report, templates and tables and dedicated training courses for network managers. 
9.5 With a view of the importance of this Classification for WIGOS, ET-AWS requested that the Secretariat explores a possibility to promote it to a common WMO and ISO standard. This would become the first example of a common standard within the framework of the working agreement between ISO and WMO.
9.6 ET-AWS invited JCOMM to develop similar siting classification for surface marine stations, noting that most of that classification would eventually be relevant to ship observations.
10  
BUFR DESCRIPTORS RELATED TO AWS 

10.1 Ms Červená reported that several changes to parameters of the Functional Specification for AWS that had been proposed subsequent its adoption by CBS-XIV. She presented a document containing detailed analysis of the requirements for representation of the listed variables, a revised version of the Functional Specifications for AWS and a proposal for several new BUFR/CREX descriptors.  The ET-AWS meeting examined carefully all these proposals, suggested some modifications of the requirements and agreed with the proposed new BUFR/CREX descriptors and procedures for representation of the listed variables. Mr Leroy formulated new requirements for UV-B radiation, based on them the descriptor 0 14 072 (in validation since 2008) will be reconsidered and the outcome submitted to the IPET-DRC meeting (31 August to 3 September 2010). The new BUFR/CREX descriptors and the Revised Functional Specifications for AWS of June 2010 are included in the
Annex V. 
10.2 ET-AWS encouraged its members to participate actively in the validation process of the proposed new descriptors. 
10.3 Following the requirements of the ET AWS, endorsed by CBS-XIII, the IPET DRC (former ET DR&C) developed templates for representation of the AWS data, i.e. 3 07 091 (BUFR template for surface observations from one-hour period with national and WMO station identification), 3 07 092 (BUFR template for surface observations from n-minute period with national and WMO station identification), 3 07 093 (Nominal values) and  3 07 096 (BUFR template for representation of SYNOP data with supplementary information on one-hour observations). Ms Červená presented an overview of the templates for AWS data, including the descriptors 0 01 101, 0 01 102 and 3 01 089 for National Station Identification. It was also noted that the extensive usage of delayed replications had been introduced in the templates for AWS data to meet the requirement for volume efficiency of data representation. Templates TM 307091 and TM 307096 were recommended for operational implementation as from 4 November 2009 by the CBS-XIV as well as data sub-categories 50, 51 and 52 in Common Code Table C-13 to be used for data represented by template TM 307096.
10.4 Templates TM 307092 and TM 307093 are still to be validated. The meeting encouraged the ET AWS members to participate actively in the validation process of these templates (See Annex VI).
10.5 Template TM 307093 is capable to express representative heights of sensors as well as nominal values of selected variables (elements) of a BUFR template to which it is appended. Ms Červená demonstrated the usage of TM 307093 in two examples, where 307093 was appended to TM 307091. The meeting expressed appreciation of availability of this material that might be very useful for Centres that would try to validate TM 307093. One example is included in Annex VII.
10.6 ET-AWS recommended that guidelines should be developed for Members on the use of National Station Identifiers and this task should be included in the ET-AWS Work Plan. Once this is done, ET-AWS recommends that the WMO Publication No. 9, Volume A be adapted to include National Station Identifiers. 
11
ADVANCES IN AWS TECHNOLOGY
11.1 Ms Nitu advised that the decreasing costs of an AWS are now making them very affordable and attractive in observing networks. However, it is important to note that the initial cost of purchase of the instrument is only a small part of the investment, as additional costs including installation, maintenance and ongoing running expenses far out cost the initial purchase expense. 
11.2 Advances in technology are most evident at the low end of the technology spectrum. Most manufacturers now have a low cost compact weather station. Some instrument manufacturers have very compact systems of limited functionalities which are becoming widely deployed potentially affecting observing networks’ capabilities. Integration of their data is now happening within the meteorological services. It is important that full transparency and quality control of AWSs is provided before the instruments and systems can be recommended for use in WMO networks, and that AWS should comply with the WMO guidelines. 
11.3 Advances in electronics has allowed for large increases in processing capacity and speed, as well as increases in on-site data storage for longer time periods.
11.4 As AWS are left unattended and un-maintained for periods of up to a year, issues of quality control become very important.
11.5 There are still many areas where improvements with regard to AWSs are needed, including uncertainty assessment of AWS parameters, the documentation of processing algorithms, the use of video imaging and the evolving network requirements. (See Annex VIII).
11.6 Following discussions on the current variations in AWS quality and the new trend in low-cost AWSs of unknown quality, Ms Islander from HMEI suggested that, because not all users were in a position to test the quality of AWS themselves, a certification system could be put in place by WMO. It was noted that some meteorological services already carry out some forms of certification of instrumentation and equipment, including AWS.
11.7 The following identified gaps require further attention of the ET-AWS:
· The assessment of uncertainty at AWS system level, for each of the reported parameters, to fully characterize the measurement, and to include the sensor, the sensor configuration, the data acquisition and processing uncertainties.

· The low cost, compact weather stations are becoming more and more a reality and it’s important to manage the expectations related to their implementation and operation, as a full-blown system or a subsystem (e.g. Temperature and Precipitation); this would cover their configuration, the disclosure of algorithms, the measuring performance, maintenance, installation.

· The potential of using video imaging devices to detect subjective observations and the challenge of developing methods for the digital interpretation of image data.

· The opportunity of integrating remote area measurements within the AWS algorithms, e.g. lightning, radar data.

· Definition of guidelines for interoperability of sensors across AWS platforms.

· Addressing evolving network requirements (e.g. tiered systems), from an AWS configuration perspective.

· Document standard AWS processing algorithms that could be implemented by integrators, to ensure consistency of data across platforms.

· Communication platforms, especially satellite communication.
11.8 ET-AWS agreed that, based on the input provided at the present and past meetings, it should consolidate the challenges related to the configuration, operation and maintenance of AWSs in all climates and conditions. These should cover the transition to an AWS, the requirements for configuration and maintenance, and take advantage of the advances in technology. The proposed actions are expected to capture the existing experience of Members. The sharing of best practices may take place in bilateral agreements, with WMO facilitating the contacts between the interested parties. The consolidation of the challenges faced should be focused on the specific climate conditions (e.g. polar, tropical, desert, marine), address issues related to each of the system components (instruments, data logging, communication, site maintenance, health and safety), including the skills development and maintenance.
12 
ANY OTHER BUSINESS

12.1 The meeting considered the report prepared by the CCl ET on Climate Database Management Systems (ET-CDBMS), in particular the observing requirements and standards for climate. The importance of retaining some manual stations for optimizing the complementary aspects of AWS and manual stations was emphasized. Secondly, the establishment of high quality climate stations was suggested. Finally, they recommended that the task team look at examples of tiered networks in other countries.
12.2 ET-AWS identified possible problems in the Rolling Review of Requirements (RRR) Process and its databases as regards GCOS application area. It agreed to communicate this issue to ET-EGOS through the ICT-IOS-6, noting that the definition of accuracy by CIMO and CBS ET-EGOS is different. A summary of finding is as follows:
· The Threshold ("T/H") is the minimum requirement to be met to ensure that data are useful. That implies that above the Threshold, data are not useful, for example:
· For air specific humidity at surface (understood as relative humidity), the accuracy threshold is 2%. As this value is lower than the currently achievable accuracy stated in the CIMO Guide, it means that the current available relative humidity measurements are of no use for climatology!

· For air temperature at surface, the accuracy threshold is 0.3°C. Again, this value is close to the best achievable accuracy stated in the CIMO Guide. It is thought that few measurements in the world are currently better than 0.3°C and are therefore of no use for climatology!

· For ocean temperature, the accuracy threshold is 0.005°C for deep ocean and 0.01°C for upper ocean. These numbers are the uncertainty achievable in the best metrology laboratories. For measurements in real conditions, it cannot be demonstrated. So the current available measurements are of no use for the climatology!
· The "Goal" is an ideal requirement above which further improvements are not necessary. For precipitation index (daily cumulative), the goal for horizontal resolution is stated to be 100 km, which seems to very large for climatology. With such a goal, why numerous cooperative climatological stations exist?

13
RECOMMENDATIONS FOR CBS-Ext.(2010)

13.1
Based on the guidance from this meeting, the ET-AWS chairperson will prepare a report to ICT-IOS, specifying the achievements, issues and recommendations for consideration by ICT-IOS and subsequent submission to CBS-Ext.(2010) (December 2010).

13.2
ET-AWS agreed on recommendations to ICT-IOS-6 and CBS-Ext. (2010). These are provided in Annex IX.
14
WORK PLAN

14.1
ET-AWS developed an updated Work Plan (2010-2012) that will be submitted to ICT-IOS-6 for consideration and to CBS-Ext. (2010) for endorsement. The updated Work Plan is provided in 
Annex X.
15
CLOSURE OF SESSION

15.1
The session closed at 15:20 hours on Friday, 25 June 2010.
____________
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ANNEX II
REQUIREMENTS AND STANDARDS FOR A ROBUST AWS SUITABLE FOR LESS DEVELOPED AND REMOTE AREAS
Background


In the international scenario of AWS, most of the developed countries have gone in for automation in their surface observational system since early 1970s.  Countries like USA, Australia, China and many European countries are in the fore-front.  At the same time, it should also be noted that no country has completely withdrawn their existing set-up of conventional surface observatories, though new manual and conventional observatories are not planned. AWS are being installed to enhance their meteorological observational network and many countries have their AWS installed in Antarctica for research purposes. Though AWS is unmanned by design, to check its security, exposure conditions and to do preventive maintenance, frequent visits to the sites are required for the upkeep of the AWS.

Challenges in the management of the AWS network which are located in remote areas.


India Meteorological Department (IMD) is in the process of modernization and expansion of its observational network. In this process, IMD has already installed more than 350 AWS and is in the process of installing another 400 stations by the end of this year. In addition IMD is installing 1350 Automatic Rain gauge stations (ARG) across the country. IMD has been facing challenges, while managing and maintaining the AWS network. The problems are associated with AWS enclosures, radiation shields, sensors, cabling, growth of grass and bushes, birds and rodents, thefts etc. 

AWS Enclosures:  At present NEMA enclosures are used to house the datalogger, transmitter, battery, pressure sensor and other control circuitry.  But NEMA enclosure is metallic and its temperature increases during hot weather season.  An instance has come to notice where the battery had bulged due to high temperature causing the station to stop transmitting.  Due to bulging and spilling of acid inside the enclosure, the MIL-STD connectors had got corroded. In spite of the fact that gaskets are provided for airtight environment in the NEMA enclosure to avoid water seepage, sometimes during extremely heavy rain, rainwater seeps inside.

Connectors: 
 MIL-STD connectors for the meteorological sensor cables are preferred for all weather conditions and rugged use. The MIL-STD connectors which are exposed to the vagaries of extremities in weather all through the year are prone to oxidation and corrosion as shown in Fig.1.  After a heavy spell of rain, instances have come to notice when water seeps into the minute space between the connectors resulting in malfunction of AWS system.

Radiation shields: 
Conventionally wooden Stevenson Screens have been in use to house the thermometers measuring ambient air temperature.  In AWS, thermoplastic radiation shields have replaced the wooden screens.  Errors are induced in measurement of air temperature during occasions when extreme temperatures (both high and low) occur.  The poor response of the radiation shield in attaining the ambient temperature during occasions of heavy rain when moisture over the shield fails to dry up till sun rise is one such error.  Similarly, deposit of dust and wasp-mud houses as shown in Fig.3 between the plates of the radiation shield is a common occurrence which blocks the sensor from sensing the temperature and humidity. 

Rain gauges:   Ant-houses block the free flow of rain water draining out of the rain gauge after recording a pulse. The rain gauge cables are cut or shredded by rodents. Clogging of rain gauge as shown in Fig.2 by fine mud deposits due to wind, leaves, twigs, bird droppings, further lead to wrong readings.  A small plant which had grown near the tipping bucket rain gauge (TBRG) acted as an umbrella and covered the collecting area of TBRG resulting in reduced rainfall value in Pondicherry during cyclone Nisha of the year 2008.  

AT / RH sensor: In remote and under developed areas, there is a lot of dust and mud in the air. This dust mixed with moisture in the air, gets deposited on the AT / RH sensor elements as shown in fig. 4, resulting in wrong readings. This problem is more acute in coastal areas where there is lot of moisture in the air.
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	Fig.1 Corrosion and oxidation in MIL-STD connectors
	Fig. 2 Clogged rain gauge


	Fig.3 Wasp-mud house in radiation shield


Birds and Rodents:   Sometimes,   birds perching on the mast damage the transducers of the wind sensor by poking with their beak.  Occasions when birds build their nests on wind transducer or on the wind mast has also come to notice. 

Wind mast:  Maintenance personnel have to climb 10m wind mast for checking / replacing wind sensor. Personnel also have to climb mast for cleaning Solar panel, checking for cables and Transmitting antenna. Climbing the mast for these purposes is very unsafe. (Fig. 6)

Growth of grass and bushes:  When an AWS site is left unattended for long periods, grass, creepers and bushes grow up to a height of several feet thereby resulting in total  blocking of the rain gauge from reporting rainfall accurately.  Possibility of a bias in reporting of temperature and humidity values exists. (Fig. 5)

Thefts:  Unforeseen theft of equipments like battery, solar panel and other components of an AWS  lead  to non-functional status of an AWS and hence loss of data.
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Fig. 4 AT- RH Sensor     
        Fig. 5 Growth of grass and              Fig. 6 Wind mast

covered with  dust & mud                        bushes

   Requirements of AWS suitable to work at remote and underdeveloped areas

1. Present NEMA enclosures being metallic, temperature inside increases to considerable levels during hot summer. Battery inside enclosure bulges due to high temperature and leaks acid sometimes. There is a need for non-metallic enclosures such as wooden boxes which can withstand high temperatures and still does not heat up the equipment inside.

2. Even MIL-STD connectors when exposed to extreme temperatures and high humidity levels, get rusted sometimes. Moisture also seeps in to the connectors resulting in malfunction of AWS. Some environmental protection is required for these connectors.

3. The design of the NEMA enclosure needs to be modified to accommodate the connectors and cables in such a way as to ensure minimum exposure to the environment at the same time facilitating of easy troubleshooting and replacement. 

4. Tropical rains are characterized by heavy downpours and especially when a cyclonic disturbance occurs, rainfall of very heavy intensity takes place. The rain gauge needs to be in good condition under such instances. The tipping bucket rain gauge has an inherent limitation of missing of pulses during very heavy rainfall intensities and may underestimate the actual rainfall. A very rugged rain gauge is to be employed which can measure accurately in highly intense precipitations. Clogging of rain gauge by fine mud deposits due to wind, leaves, twigs, and bird droppings is quite common in remote areas. This is a serious problem and needs to be addressed.

5. Thermoplastic / Fibre radiation shields which are being used at present with AWS induce measurement errors in air temperature during periods of extreme temperatures (both high and low).  Similarly, deposit of dust and wasp-mud houses in between the plates of the radiation shield blocks the sensor from sensing the temperature and humidity accurately. Anti-insect spray may help to get rid of wasp houses to a certain extent. Periodic monitoring and cleaning the plates of the radiation shield ensures accurate temperature and humidity data. However there is need for a radiation shields which are rugged and can still represent correct ambient temperature inside the housing. It is felt that use of aspirated shields is also not a viable solution for AWS under all seasonal conditions considering the limitations in power consumption in a remote AWS.
6. Wind mast has to be simple and foldable - Better professional ways need to be thought of to improve the structure of wind mast.

7. Dust and mud gets deposited on AT / RH sensors in areas where there is lot dust in the air and also high humidity levels. Suitable environmental protection is needed for these sensors so that dust accumulation does not take place for long periods of time. 
8. In recent years, meteorological services are requested with increasing demands for more comprehensive weather and climate information from various sectors. AWS network need to be denser. At present cost of good quality and rugged sensors is still high. Running costs of network management, maintenance, calibration and training are also high. Overall, installation and running AWS network is still not becoming affordable to developing / underdeveloped countries. Good quality low cost sensors are the need of the day.
9. To cut the cost and to increase the volume of transmission, data compression technologies to be adopted.

10. Employing two way communications for remote diagnostics and troubleshooting may minimise the maintenance costs.
11. To ensure continues power supply to AWS, a hybrid solution of solar panel and wind powered generator is to be deployed. At places where sky is overcast for long periods, wind energy can ensure continues supply of renewable energy to AWS
12. Sensors with internal diagnostics and integral redundant elements can be thought of.
_____________________

ANNEX III

Requirements for AWS in support of the validation of space-based observations
Introduction

1) ET-AWS-5 proposed the consideration of using surface-based observations to contribute to the ground-truthing of remotely sensed observations, such as sensors based on satellite platforms. 

2) The initiative was welcomed by ET-SAT and ET-SUP to consider the potential of AWS networks to support calibration of space-based observations and product validation. The approach was considered particularly relevant in the context of WIGOS and space-surface integration. However the proposal was lacking in details concerning what networks and surface-based observations could be candidates.

Discussion
3) Recognising that in the “Vision for the Global Observing System in 2025” stated that the surface-based GOS will provide, inter alia, data for calibration and validation of space-based data; the following concept should be considered.

4) Modern AWS networks provide the following opportunities.

a) AWS platforms are able to record, process and transmit observations from a wide range of electronic sensors; these sensors are no longer limited to the standard meteorological variables. Sensors which observe parameters in a manner similar to satellite remotely-sensed observations.

b) AWS platforms are able to process and transmit data over a range of temporal periods which can be aligned with observation frequency of other systems;

c) The GTS is capable to transmit messages in BUFR which is flexible and adaptable;

d) National AWS networks can satisfy international standards for the GOS providing consistency in observation;

e) AWS networks have a global reach which covers all continents and climates; 

5) On the other hand, spaced-based observations in the GOS: 

a) provide spatial coverage at a global scale;

b) provide gridded observations at specific horizontal and vertical scales and at a observing cycle;

c) provide geophysical observations which are remotely-sensed and therefore not exactly the same as the traditional observations made by surface networks.

6) The initial proposal was examine the opportunities for ground-truthing of satellite observations. While this approach may have merit, a broader approach of integration between space-based and surface-based observations may provide greater value to the GOS.

7) The following table lists geophysical parameters which are potentially observed by instruments on satellite platforms (Source: GOS-2010, January - Volume III (Gap Analysis); page 6). The highlighted cells indicate surface parameters which could be potentially observed by automated surface-based instruments on a global scale.

	Geophysical parameters addressed by the multi-purpose VIS/IR imagery mission in LEO

	Cloud imagery
	Total aerosol optical depth
	Snow detection (mask)

	Cloud cover (total column)
	Total aerosol type
	Snow cover

	Cloud type
	Short-wave cloud reflectance
	Snow surface temperature

	Cloud optical depth
	Downwelling SW irradiance at Earth’s surface
	Snow albedo

	Cloud top height
	Downwelling LW irradiance at Earth’s surface
	Frozen soil and permafrost

	Cloud top temperature
	Earth’s surface albedo
	Leaf Area Index (LAI)

	Cloud drop effective radius at cloud top
	Surface emissivity in TIR window channels
	Normalised Difference Vegetation Index (NDVI)

	Cloud ice total column
	Sea surface temperature
	Photosynthetically Active Radiation (PAR)

	Cloud ice effective radius at cloud top
	Sea-ice surface temperature
	Fractional Absorbed PAR (FAPAR)

	Water vapour imagery
	Sea-ice cover
	Fire temperature

	Wind vectors in polar regions
	Land surface temperature
	Fire fractional cover

	Water vapour total column
	Surface soil moisture (index)
	Fire radiative power


	Geophysical parameters addressed by the multi-purpose VIS/IR imagery mission in GEO

	Cloud imagery
	Total aerosol optical depth
	Snow detection (mask)

	Cloud cover (total column)
	Total aerosol type
	Snow cover

	Cloud type
	Short-wave cloud reflectance
	Snow surface temperature

	Cloud optical depth
	Downwelling SW irradiance at Earth’s surface
	Snow albedo

	Cloud top height
	Downwelling LW irradiance at Earth’s surface
	Frozen soil and permafrost

	Cloud top temperature
	Earth’s surface albedo
	Leaf Area Index (LAI)

	Cloud drop effective radius at cloud top
	Surface emissivity in TIR window channels
	Normalised Difference Vegetation Index (NDVI)

	Cloud ice effective radius at cloud top
	Sea surface temperature
	Photosynthetically Active Radiation (PAR)

	Water vapour imagery
	Sea-ice surface temperature
	Fractional Absorbed PAR (FAPAR)

	Water vapour total column
	Sea-ice cover
	Fire temperature

	Wind vectors from trace motion
	Land surface temperature
	Fire fractional cover

	Precipitation rate at surface
	Surface soil moisture (index)
	Fire radiative power

	Accumulated precipitation
	
	


8) The document “Evaluation of the potential quality of post-2020 satellite products” (Source: GOS-2010, January - Volume IV (Products)), indicates the following satellite products which have potential to be observed by surface-based instruments. Further information concerning these products is listed in Appendix I.

	Ref
	Geophysical parameter

	024
	Precipitation rate at surface (liquid or solid)

	025
	Accumulated precipitation (over 24 hours) 

	035
	Downwelling LW irradiance at Earth’s surface 

	036
	Downwelling SW irradiance at Earth’s surface

	037
	Earth’s surface albedo

	041
	Photosynthetically Active Radiation (PAR)

	059
	Land surface temperature

	061
	Soil moisture at surface

	062
	Soil moisture profile (in the roots region)


9) These parameters could potentially be reported by surface-based AWSs at a temporal resolution which could be aligned with the satellite observing cycle.

Excerpt from: Dossier on the space-based component of the GOS Vol. IV. Estimated performance of products from typical satellite instruments

	024
	Precipitation rate at surface (liquid or solid)


	024.1
	Precipitation radar

	Principle
	Backscattered radiation from cloud drops by medium frequency radar (dual-frequency preferred, 14 and 35 GHz).  Doppler capability also useful.  

	Accuracy
	Generally good, depending on drop size and liquid/ice ratio.

	Coverage
	Infrequent, due to limited scanning capability.

	(x
	Better at 35 GHz than at 14 GHz, but drawback of saturation for heavy rain.

	Conditions
	Night and day.

	Reference
	Applicable only in LEO (see instrument 19).


	024.2
	MW/Sub-mm sounding

	Principle
	MW/Sub-mm radiation in window channels (typically, ~ 10, 19, 37, 90, 150 GHz) with dual polarisation, and absorption bands (typically, ( 54, 118, 183, 380, 425 GHz).  Actually, the precipitation profile is retrieved with the help of an associated NWP model, possibly cloud-resolving.

	Accuracy
	Depending on drop size and liquid/ice ratio.  Lower frequencies more sensitive to liquid water.

	Coverage
	Frequent, due to cross-nadir relatively large swath (from LEO, often conical scanning).

	(x
	Limited by antenna size.

	Conditions
	Night and day.

	Reference
	Applicable both in LEO (see instruments 05 and 07) and GEO (see instrument 06).


	024.3
	VIS/IR radiometry

	Principle
	Inferred from cloud imagery in a few discrete channels selected so as to detect all cloud types, assisted by conceptual models, generally more responsive to convective rain. 

	Accuracy
	Difficult to be stated.  Better for convective precipitation.  Frequent imagery essential.

	Coverage
	Frequent, due to large cross-nadir swath of the originating image.

	(x
	Several pixels have to be co-processed to have sufficient statistics to derive cluster properties.

	Conditions
	Night and day.  More information available in daylight.

	Reference
	Applicable only in GEO (see instrument 02).


	024.4
	Fusion between MW from LEO and IR from GEO

	Principle
	Combined product of LEO/MW-derived accurate/infrequent measurements with GEO/IR frequent images used either to be ‘calibrated’ by MW measurements or to enable dynamical interpolation between MW-derived precipitation data. 

	Accuracy
	Changing with ‘distance’ from the closest accurate MW determination.  Better performance for convective precipitation.

	Coverage
	Frequent, due to large cross-nadir swath of the originating images.

	(x
	Several pixels have to be co-processed to have sufficient statistics to derive cluster properties.

	Conditions
	Night and day.

	Reference
	Applicable by using MW in LEO (see instruments 05 and 07) and IR in GEO (see instrument 02).


	Estimated potential quality of product “Precipitation rate at surface (liquid or solid)” (> 2020)


	Parameter 024
	Orbit
	Technique
	Accuracy
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Precipitation rate

at surface

(liquid or solid)
	LEO
	Precipitation radar
	10
	%
	5
	-
	120
	1
	-

	
	LEO
	MW radiometry
	20
	%
	10
	-
	3
	8 (GPM)
	Heavily model-aided

	
	GEO
	MW/Sub-mm sounding
	30
	%
	10
	-
	0.25
	1
	Heavily model-aided

	
	GEO
	VIS/IR radiometry
	100
	%
	10
	-
	0.1
	1
	Convection only

	
	GEO
	LEO/MW + GEO/IR fusion
	50
	%
	10
	-
	0.1
	1
	Product from data-fusion


	025
	Accumulated precipitation (over 24 hours)


	025.1
	From fusion between MW from LEO and IR from GEO

	Principle
	Derived by time integration of frequent precipitation rate measured by merging MW precipitation rate data from LEO with IR imagery from GEO.  For technique and characteristics, see table 25.4.

	Reference
	Applicable by using MW in LEO (see instruments 05 and 07) and IR in GEO (see instrument 02).


	025.2
	From MW/Sub-mm sounding

	Principle
	Derived by time integration of frequent precipitation rate measured by MW/Sub-mm sounders in GEO.  For technique and characteristics, see table 25.2.

	Reference
	Applicable only in GEO (see instrument 06).


	Estimated potential quality of product “Accumulated precipitation (over 24 hours)” (> 2020)


	Parameter 025
	Orbit
	Technique
	Accuracy
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Accumulated

precipitation

(over 24 hours)
	GEO
	LEO/MW + GEO/IR fusion
	50
	%
	10
	-
	3
	1
	Product from data-fusion

	
	GEO
	MW/Sub-mm sounding
	30
	%
	10
	-
	3
	1
	Heavily model-aided


	035
	Downwelling LW irradiance at Earth’s surface


	035.1
	From IR/MW sounding

	Principle
	High-level product derived mostly from atmospheric temperature and water vapour profiles (see tables 001 and 004 respectively).  Contributions also from cloud cover profile (table 014), specifically cloud base height (table 015), defective to be observed.  Atmospheric modelling necessary.

	Reference
	Applicable both in LEO (see instruments 01, 03 and 05) and GEO (see instruments 02, 04 and 06).


	Estimated potential quality of product “Downwelling LW irradiance at Earth’s surface” (> 2020)


	Parameter 035
	Orbit
	Technique
	Accuracy
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Downwelling LW irradiance

at Earth’s surface
	LEO
	From IR/MW sounding
	5
	W/m2
	20
	-
	4
	3
	Model-aided

	
	GEO
	From IR/MW sounding
	5
	W/m2
	20
	-
	0.25
	1
	Model-aided


	036
	Downwelling SW irradiance at Earth’s surface


	036.1
	SW radiometry

	Principle
	High-level product derived from observation of scattered solar radiation in several narrow-band channels of VIS, NIR and SWIR to estimate attenuation from clouds and aerosol.  Multiple viewing and multi-polarisation help.

	Accuracy
	Depending on number and bandwidths of channels and on the atmospheric model utilised.

	Coverage
	Frequent, due to cross-nadir large swath.

	(x
	Several pixels have to be co-processed to search for the least contaminated from clouds.

	Conditions
	Daylight only.  Cloud-free or broken cloudiness.

	Reference
	Applicable both in LEO (see instrument 01 and 16) and GEO (see instrument 02).


	Estimated potential quality of product “Downwelling SW irradiance at Earth’s surface” (> 2020)


	Parameter 036
	Orbit
	Technique
	Accuracy
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Downwelling SW irradiance

at Earth’s surface
	LEO
	SW radiometry
	10
	W/m2
	4
	-
	4
	3
	Clear-air, model-aided

	
	GEO
	SW radiometry
	15
	W/m2
	8
	-
	0.1
	1
	Clear-air, model-aided


	037
	Earth’s surface albedo


	037.1
	SW radiometry

	Principle
	High level product after measuring scattered solar radiation in several channels of VIS under several viewing angles and solar angles to estimate anisotropy effects and improve radiative fluxes computations.  Channels for atmospheric corrections also included.

	Accuracy
	Depending on the number of different viewing conditions and the atmospheric model utilised.

	Coverage
	Infrequent, due to the need for collecting observations under different viewing conditions.

	(x
	Several pixels have to be co-processed to search for the least contaminated from clouds.

	Conditions
	Daylight only.  Cloud-free or broken cloudiness.

	Reference
	Applicable both in LEO (see instruments 01 and 16) and GEO (see instrument 02).


	Estimated potential quality of product “Earth surface albedo” (> 2020)


	Parameter 037
	Orbit
	Technique
	Accuracy
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Earth’s surface albedo
	LEO
	Multi-view SW radiometry
	1
	%
	10
	-
	168
	1
	Clear-air,

model-aided

	
	LEO
	SW radiometry
	3
	%
	4
	-
	168
	3
	Clear-air,

heavily model-aided

	
	GEO
	SW radiometry
	5
	%
	8
	-
	72
	1
	Clear-air,

heavily model-aided


	041
	Photosynthetically Active Radiation (PAR)


	041.1
	VIS radiometry

	Principle
	High-level product similar to “37 - Downwelling short-wave irradiance at Earth surface” except that it refers to the interval 0.4-0.7 (m used by vegetation for photosynthesis.

	Accuracy
	Depending on information on clouds and aerosol and on the atmospheric model utilised.

	Coverage
	Frequent, due to cross-nadir large swath.

	(x
	Several pixels have to be co-processed to search for the least contaminated from clouds.

	Conditions
	Daylight only.  Cloud-free or broken cloudiness.

	Reference
	Applicable both in LEO (see instruments 01 and 16) and GEO (see instrument 02).


	Estimated potential quality of product “Photosynthetically Active Radiation (PAR)” (> 2020)


	Parameter 041
	Orbit
	Technique
	Accuracy
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Photosynthetically Active

Radiation (PAR)
	LEO
	VIS radiometry
	10
	W/m2
	4
	-
	4
	3
	Clear-air, model-aided

	
	GEO
	VIS radiometry
	10
	W/m2
	8
	-
	0.1
	1
	Clear-air, model-aided


	059
	Land surface temperature


	059.1
	IR radiometry

	Principle
	Derived from IR imagery in a number of channels including “windows” and other ones necessary to evaluate emissivity and atmospheric attenuation (from water vapour).  Dual-view improves the accuracy of atmospheric correction,

	Accuracy
	Depending on number of channels and the knowledge (or estimate) of emissivity.

	Coverage
	Frequent, due to large cross-nadir swath of the originating image.

	(x
	Several pixels have to be co-processed to search for the least contaminated from clouds.

	Conditions
	Night and day.  Cloud-free or broken cloudiness.

	Reference
	Applicable both in LEO (see instrument 01) and GEO (see instrument 02).


	059.2
	IR spectroscopy

	Principle
	Derived from the multiple number of narrow windows through the IR spectrum, associated to all possible information on atmospheric corrections.  This enables to estimate emissivity.

	Accuracy
	Good, compatibly with the larger IFOV of sounders as compared to imagers. 

	Coverage
	Frequent, due to large cross-nadir swath.

	(x
	Several pixels have to be co-processed to search for the least contaminated from clouds.

	Conditions
	Night and day.  Cloud-free or broken cloudiness.

	Reference
	Applicable both in LEO (see instrument 03) and GEO (see instrument 04).


	059.3
	MW radiometry

	Principle
	Emitted and scattered MW radiation in atmospheric windows at low-medium frequencies (e.g., 5, 10 GHz).  More polarisations needed, to correct for wetness effects.

	Accuracy
	Depending on wetness and vegetation.  Good for bare and dry soil.

	Coverage
	Frequent, due to relatively large cross-nadir swath (conical scanning used).

	(x
	Limited by antenna size.

	Conditions
	Night and day.  All weather.

	Reference
	Applicable only in LEO (see instrument 08).


	Estimated potential quality of product “Land surface temperature” (> 2020)


	Parameter 059
	Orbit
	Technique
	Accuracy
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Land surface temperature
	LEO
	IR radiometry
	2
	K
	8
	-
	4
	3
	Clear-air

	
	GEO
	IR radiometry
	4
	K
	24
	-
	0.1
	1
	Clear-air

	
	LEO
	IR spectroscopy
	1
	K
	20
	
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy
	1
	K
	20
	
	0.25
	1
	Clear-air

	
	LEO
	MW radiometry
	1
	K
	50
	-
	8
	3
	All weather


	061
	Soil moisture at surface


	061.1
	MW radiometry

	Principle
	Emitted MW radiation at low frequencies (e.g., 1.4 and 2.7 GHz).  More polarisations needed, to correct for roughness effects.  More channels desirable, to correct for temperature.  Higher frequencies (5, 10 GHz) also useful, particularly for bare soil.

	Accuracy
	Good at lower frequencies, progressively worse at higher frequencies (vegetation sensitive).

	Coverage
	Frequent, due to relatively large cross-nadir swath (conical scanning used).

	(x
	Limited by antenna size.  Synthetic aperture possible, at the expenses of sensitivity.

	Conditions
	Night and day.  All weather.

	Reference
	Applicable only in LEO (see instrument 08).


	061.2
	Radar scatterometry

	Principle
	Backscattered MW radiation at relatively low frequencies (e.g., 5 GHz).  The multiple viewing angle capability is exploited to correct for roughness.

	Accuracy
	Good for bare soil.

	Coverage
	Frequent, due to relatively large cross-nadir swath.

	(x
	Limited by antenna size.

	Conditions
	Night and day.  All weather.

	Reference
	Applicable only in LEO (see instrument 12).


	061.3
	SAR imagery

	Principle
	Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.

	Accuracy
	Lower frequencies have better performance, especially over vegetation.

	Coverage
	Infrequent, due to limited cross-track swath and limited instrument duty cycle.

	(x
	Synthesised by signal processing.  Relatively good resolution used for this purpose.

	Conditions
	Night and day.  All weather.

	Reference
	Applicable only in LEO (see instrument 29).


	061.4
	VIS/IR radiometry

	Principle
	Several proxies possible.  Examples: damping of reflectivity from VIS/NIR to SWIR; from Apparent Thermal Inertia (ATI) derived by measuring the delay of land temperature rising in response to incoming solar radiation (valid for bare soil).

	Accuracy
	Discontinuous, depending on knowledge of soil structure and conditions.

	Coverage
	Frequent, due to large cross-nadir swath of the originating image.

	(x
	Several pixels have to be co-processed to search for the least contaminated from clouds.

	Conditions
	Daylight only, following soil heating.  Cloud-free or broken cloudiness.

	Reference
	Applicable both in LEO (see instrument 01) and GEO (see instrument 02).


	Estimated potential quality of product “Soil moisture at surface” (> 2020)


	Parameter 061
	Orbit
	Technique
	Accuracy
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Soil moisture

at surface
	LEO
	MW radiometry
	5
	m3(m-3 %
	30
	-
	8
	3
	All weather,

vegetation-sensitive

	
	LEO
	Radar scatterometry
	5
	m3(m-3 %
	20
	-
	36
	1
	All weather,

vegetation-sensitive

	
	LEO
	SAR imagery
	10
	m3(m-3 %
	0.1
	-
	360
	2
	All weather,

vegetation-sensitive

	
	LEO
	VIS/IR radiometry
	50
	m3(m-3 %
	4
	-
	4
	3
	Clear-air, vegetation-sensitive

	
	GEO
	VIS/IR radiometry
	50
	m3(m-3 %
	12
	-
	0.1
	1
	Clear-air, vegetation-sensitive


	062
	Soil moisture profile (in the roots region)  (required from surface to 2 m below)


	062.1
	L-band MW radiometry

	Principle
	Emitted MW radiation at low frequencies (e.g., 1.4 GHz).  More polarisations needed, to correct for roughness effects.

	∆z
	Reconstructed by modelling in a depth of about 2 m below surface.

	Accuracy
	Good except for thick forests.

	Coverage
	Frequent, due to relatively large cross-nadir swath (conical scanning used).

	(x
	Limited by antenna size.  Synthetic aperture used.

	Conditions
	Night and day.  All weather.

	Reference
	Applicable only in LEO (see instrument 08).


	062.2
	L-band SAR imagery

	Principle
	Backscattered MW radiation at low frequency (typical, 1.3 GHz) collected by SAR.  Lower frequency (P-band, ~ 300 MHz) also possible.

	∆z
	Reconstructed by modelling in a depth of about 2 m below surface.

	Accuracy
	Good except for thick forests, that would require P-band.

	Coverage
	Infrequent, due to limited cross-track swath and limited instrument duty cycle.

	(x
	Synthesised by signal processing.  Relatively good resolution used for this purpose.

	Conditions
	Night and day.  All weather.

	Reference
	Applicable only in LEO (see instrument 29).


	Estimated potential quality of product “Soil moisture profile” (> 2020)


	Parameter 062
	Orbit
	Technique
	Accuracy
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Soil moisture profile

(in the roots region)

Surface to 2 m below
	LEO
	L-band MW radiometry
	5
	m3(m-3 %
	50
	0.0001
	72
	1
	All weather,

model-aided

	
	LEO
	L-band SAR imagery
	10
	m3(m-3 %
	0.1
	0.0001
	1440
	1
	All weather,

model-aided
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1. Introduction

This is a largely non-technical paper concerning the factors that should be considered during transition from Manual Weather Stations to Automatic Weather Stations (AWS).  For the most part it considers changing a network of many stations, but most factors will apply to individual sites.  A paper of this size can only act as a starting point for successful system change.  Projects of this nature can take a small team several years to run.  The aim is to provide guidance on how to start.


In the simplest terms weather stations exist to produce data based on automatic measurements, staff input or a mixture of both.  However, the detailed uses of those datasets are complex and the properties of the data are key concerns to paying customers and users.  The properties can vary in terms of:

· Uncertainty of measurement 

· Exposure

· Availability 

· Timeliness 

· Quality 

· Maintenance


Detailed guidance on these topics can be found in WMO Guide to Meteorological Instruments and Methods of Observation WMO-No. 8, Part 1 Chapter 1.


The properties needed are linked to the use of the data, for example:

-
Climatological temperature measurements - key properties: low uncertainty, unbroken, long time series;

-
Safety critical at aerodromes – key properties: high quality, high availability, low delay,  


-
Numerical Weather Prediction (NWP) and very short-range forecasting – key properties: timeliness.


However, it should be noted there are often several users and this increases the need for high performance in several properties.


This material is concerned with the process of transition from stations that are manned to stations that are not. As part of the introduction, it should be pointed out that there is a range of solutions involving staff levels and automation.  For example in the United Kingdom, manned sites typically change the level of manual interaction over the working week.  At times the station is unattended and produces coded messages with no staff input. At other times the system prompts the staff for attention to check and overwrite sections as needed before producing coded messages. At times a full time professional meteorological observer is present, but at some times only a duty forecaster is available.  It should be noted that a staff input interface adds considerably to the requirement of the system and therefore to the cost.   However, the majority of transition processes apply to some extent regardless of the amount of input. 


When making any changes to a station the customers and users will be most concerned that the data output and key properties are maintained.  This should be considered at all times.


Meteorological data from a station also varies considerably in subjectivity, within the automatic or manual measurements. For example, at a simple manned station the air pressure can be measured with little uncertainty with a barometer.  However, the observation of cloud amount by skilled staff is much more subjective.  An automatic station can also measure pressure very well, but the assessment of cloud amount is considerably more challenging. Therefore the changes introduced by automation can be small for highly objective measurements, but significant for subjective observations of cloud amount, visibility and weather.


At an early stage the change process must link changes to the WMO agreed Karl or GCOS Principles.  These have been developed by Climate data users but can be applied to all changes.  These ensure the change process considers all aspects.  These rules are important and re-stated here.

GCOS/GOOS/GTOS CLIMATE MONITORING PRINCIPLES

Effective monitoring systems for climate should adhere to the following principles

a. The impact of new systems or changes to existing systems should be assessed prior to implementation.

b. A suitable period of overlap for new and old observing systems is required.

c. The details and history of local conditions, instruments, operating procedures, data processing algorithms and other factors pertinent to interpreting data (i.e., metadata) should be documented and treated with the same care as the data themselves.

d. The quality and homogeneity of data should be regularly assessed as a part of routine operations.

e. Consideration of the needs for environmental and climate-monitoring products and assessments, such as IPCC assessments, should be integrated into national, regional and global observing priorities.

f. Operation of historically-uninterrupted stations and observing systems should be maintained.

g. High priority for additional observations should be focused on data-poor regions, poorly- observed parameters, regions sensitive to change, and key measurements with inadequate temporal resolution.

h. Long-term requirements, including appropriate sampling frequencies, should be specified to network designers, operators and instrument engineers at the outset of system design and implementation.

i. The conversion of research observing systems to long-term operations in a carefully-planned manner should be promoted.

j. Data management systems that facilitate access, use and interpretation of data and products should be included as essential elements of climate monitoring systems.

2. Factors to consider in the full system design and when to trigger change 


There are many reasons to change weather monitoring systems.  Chiefly these include:

· Ability of old systems

· Cost of running old systems


It is important to consider these factors very well before changing from a manned to an unmanned station or network of stations. All systems need updating eventually, however, choosing the point of change involves some complex factors.  It is important to consider

· Cost of groundwork (for example non-instrument installation such as wiring and mounting plinths)

· Staff needed to run the new system and where they will be located – after the new system is working

· Staff needed to buy, test and run the new system – during the change time only

· Setting up the detailed processes that tune the system

· Relationships between Met Service, suppliers and customers


These factors can be built into a balanced analysis of the costs and benefits of the change. The expected changes in cost over the next 3-5 years should also be considered. However, this will need an estimate of the increased costs of running the old system.  This estimate will have considerable uncertainty.  Therefore, choosing the best time to change is not easy.  However, it is helpful to consider that the time needed to replace an existing system will be several years from start to finish.  Since the continuity of service of data supply is vital to Met systems, it is important to trigger change early so that the new system can be implemented without risking major failure in the old system.


It is suggested that all work of this nature is carried out in a well defined project.  It is well known that these techniques have been shown to deliver outcomes in a predictable way.  Techniques can be found in many business management handbooks. (For Example, PRINCE II is a complete project management system)


It cannot be overstressed that during the process of changing the stations the users’ requirements must be central.  Requirement capture is familiar in WMO under Rolling Requirement Review process.  However the requirements of the full system will vary depending on national circumstances and the requirement capture needs to consider the full range of use and circumstances and complete system hardware.

A well developed system is needed to draw out the user needs and existing processes. For example it is possible to use “Business Analysis” methods. For an introduction see Business Analysis (Paul and Yates).  These can be used to plan the new system.  The techniques were initially developed to work with IT systems.  However, AWS systems can increasingly be considered IT data systems and the techniques transfer well.  Overall, the main aim is to use a systematic approach to ensure that users needs are satisfied in a complete and competent manner.  The exact system used is not important; but using one that is widely used, has well prepared methods and expert advice has considerable advantage. 

A new AWS system will be expected to have some flexibility in its design, and this can be hard to define.  For example, it is most likely that after a few years additional instruments will be required, but these are unknown at design time.  Another example is the number of stations needed.  Systems will cope with some expansion, but defining the cost needed for all expansion is difficult.  At an early stage consideration should be given to these factors.

New management processes will be needed when the new site is installed.  For example, fault identification and resolution.  Where possible these processes should be incorporated into systems that already exist within the Met Service.  These processes may lead to staff skills changing.  There is a considerable wealth of details concerning the choice and use of the instruments. However, the manner in which the system is run and managed is more open to discretion and change, therefore at design stage it may be harder to specify.  However, the desired method of operation should be considered as part of the design process.  

National Met Services have chosen to design and build their own AWS or alternatively, specify systems and buy from a manufacturer.  The reasons for these decisions are complex and should carefully be considered on a case by case basis.  A group of well known manufacturers have good links with WMO.  This is established through HMEI - the Association of Hydro-Meteorological Equipment Industry, see web page at http://www.hydrometeoindustry.org/.   

In addition there are a number of major risks that can be identified during the change process, logging these points and managing them for success depending on local circumstances is important.  Key risks include:

· New system fails to deliver

· Testing plan does not cover wide range of use

· Key system components unreliable in all field conditions

· Staff skills not available

· Installation constraints not identified

· Users do not accept new system design

3.
Audit of a typical site


A complete review of the station operations is needed to ensure the smooth continuation of operations.  Below is a list of key aspects of station operations:

3.1
Measurements 

What measurements are made?


What instruments are there?


Are non-meteorological measurements made?

3.2
Records

What records data and metadata are there on sites that are not duplicated elsewhere?

3.3
Activities and processes

What activities are underpinned by the staff?  These may not be clear; staffs are resourceful, skilled and good at quality control.  These items are not easy to automate. Interviews can be used to document these processes in detail. These are examples of site issues that will need to be considered in future.  They are likely to change with automation.

· Measurement quality checking

· Maintenance

· Site vegetation control

· Service Restoration

· Algorithms (Equations, calculations, tables and methods used to transform measurements


Staff activities, on-site, off-site and how they will change as a result of the new system are vital to the success of the new system.  Staff skills are a vital resource in any system, but there will be need to change as the system changes.  However, staff may be reluctant or unable to changes, duties, develop new skills or change location.  However, they form a vital pool of expertise that will be needed for testing, documenting and running the new system.  Consideration of a staff change and training plan will be needed.  

3.4
Infrastructure


The following aspects are likely to change if the level of manning is considerably reduced at a site.

· Security – What are the needs of the site in future and what needs to be kept away from the instruments?  

· Ownership - Who owns the site?  Changes may impact on any contracts or arrangements with the Landowners?

· Power supply – What power is required for the AWS and sensors.  Checks on continuity and quality of supply may be needed 

· New infrastructure should be considered so that it is suitable for future use.


For example, using a well designed instrument enclosure may be expensive initially.  However, the infrastructure may last for more than one generation of AWS and prove less expensive in the long-term.

3.5 Outputs


What information is sent to other parties?  This can be well known coded meteorological messages, but can also include many local messages and alarms and data streams.  These may be needed in real time.  The methods of sending this information can vary considerably.  Examples include hand written forms, voice alarms, video links and data streams. 


4.
Off-site processes


Offsite processes can be grouped into 3 main areas:

· Interfaces to other hardware systems owned by the National Met Service (NMS)

· Interfaces to customer hardware systems

· Management


It should be noted that off-site changes can be considerable and often may result in increased costs to set up or run.  These costs should be considered when planning changes.

4.1
Interfaces to other hardware systems owned by the NMS 


In simple terms the existing data from a station is delivered to customers in an agreed format using a hardware mechanism.  For example, at an existing station the data may be transmitted in SYNOP format from a PC via a modem.  It is vital that some customers or users can access the data without interruption.  NMS downstream systems may need to be:

· Modified to accept new data or formats; and

· Unmodified retaining data and formats but this needs considerable testing to ensure service is continued.

4.2
Interfaces to customer hardware systems


If dataflow is modified - customers will be impacted by the changes.  These impacts can be mitigated by early communication and help with change planning.  New systems often have additional benefits to customers and these benefits should be stressed.

4.3
System and site management


A new system will change existing structures.  Early planning is required to ensure that the impacts are minimal.  It may be that other processes need to expand to accommodate the changes.  For example, Calibration Lab activities and maintenance staff may need to be increased.  Often greater staff skill levels will be needed in these systems.


List of Functions or teams needed to run an Automated AWS system:

· Calibration

· Stores

· Engineering Repair and service

· IT support

· Communications support

· Site Management

· Sensor and Measurement development planning and procurement

· Meteorological Coding and formatting development and planning

· Post measurement quality checking – data and coded output

· Databases for measurements and metadata


Some of these functions can be contracted to staff outside the NMS, but this has to be done on a case by case basis considering each carefully. 


During the installation of a new AWS or network of AWS further skilled staff are needed

· System designers/experts

· Project manager and administration

· System test experts

· Installation planners

· Installation engineers


These skills may only be needed for a short period. However, it should be considered that during transition, it is likely that the old system will be running as before and overheads will not drop rapidly.  At the same time the new system will need staff to run it and as it is new it will not run efficiently as it is bedded in.  

5.
Future Proofing


This paper has so far described a system largely designed to continue the service of the existing site or network. However, it is not intended that this limits the changes made when a station is automated.


For example, additional items to be considered can include:

· Ability to duplicate sensors of existing type

· Ability to add new type of sensors

· Higher frequency sampling

· Adding or modifying algorithms

· System management and control tools


For the project to run on time it is vital to identify all the areas of impact so that clear decisions can be made.  It is hard to include very open ended additional functions while keeping the project scope under control.

6.
Planning and documenting instrument change


It is important from the Karl Principles in section 1 that measurement changes are documented.  However, the risk of change varies considerably.  Examples include:

· Temperature and pressure measurement.  These elements are likely to be highly objective at established stations, but their use is scrutinised very carefully by climatologists.  Therefore, they need to be treated with great care. 

· Cloud height and amount, visibility and weather. There is a high risk of change between manned and automatic observation, therefore the selection of instruments, data processing and use has again to be treated with care, but with a different focus to the measurements above.  


Examples of non-ideal performance should also be considered here.  It is also in the nature of instrumented measurements that failures are inevitable.  However, processes needed when failures occur are not well defined.  These need to be well understood as part of automation since they vary between systems.

7.
Agreeing the completion of the change


A formal testing system should be agreed and carried out as part of the system change. This should be a sign-off process to show the new system or site is acceptable. For a system with an Observers interface the testing and sign off process can take a considerable time.  This is due to the complexity of the AWS system itself and the episodic nature of weather conditions.


 A full network of AWS is a complex working system.  It is highly likely that issues will arise after the first installations occur.  A good process to identify faults, issues and tuning requirements will be needed.  This raises the need to have an ongoing change completion process.  For example a routine test plan to show that new changes are working and have not impacted on other operations is important.  It is highly likely that this will be used regularly in the first phases, and it may need to be done urgently if the impacts are considerable.  As the system matures, changes will probably be less frequent but will be needed.  In addition it must be considered that these changes are being applied to a live system and frequent interruptions will not be acceptable.

8. 
Staff change process

Staff management will be an important aspect for the success of automation of stations.  It is well known that staff are sensitive to change.  Meteorological Observers are known to take great pride in their work.  This means that they are a highly valuable resource in the transition process.  They can act as testers and can be re-trained to make highly successful team members working with the new system.  However, that process needs skilled input from staff managers. A detailed staff change plan should be considered at an early stage.  

The transition following installation needs to be carefully considered and again staff change is highly important.  Changing any system in an operational environment carries risks to service continuity.  It is assumed that staff were heavily involved before the change and will most likely be involved to some extent after transition.  This means that staff are required to maintain service continuity during the change and provide skilled back-up in case of installation or functionality problems.  

9.   Process and Documents


The process to specify design and test an AWS is complex.  As an example here is a selection of important documents used in implementing the United Kingdom Meteorological Monitoring System (MMS). While this dealt with upgrading automatic stations – manual stations are still included and it gives a good insight into what can the involved.  This project did not change existing sensors or ground works, their inclusion would add considerably to the project.  This project was run using an outside company to design and build the system based on existing products.  Since a lot of the functionality was provided derived from existing software this should be considered a minimum of documents needed.

	Document
	Purpose
	Size Indication - Pages

	System Specification
	Details for the full system design (using references to WMO standards for coding)
	200 

	Design documents
	Manufacturers response showing the system design
	250 (Outline only not all details)

	Test plan and results (not field test results)
	Comprehensive list of software component tests 
	375

	Installation process
	Working arrangements for installing the new equipments 
	30

	System intercomparison
	Results of side by side field tests
	100
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ANNEX V
                 Revised Annex to draft Recommendation 6.1/2 (CBS-XIV) -– JUNE 2010
                 Functional Specifications for Automatic Weather Stations 
	VARIABLE 1) 


	Maximum  Effective Range 2)
	Minimum Reported Resolution 3)
	Mode of

Observation 4)
	BUFR / CREX 5)
	Status 5) 

	ATMOSPHERIC PRESSURE
	
	
	
	
	

	Atmospheric Pressure
	500 – 1080 hPa
	10 Pa
	I, V
	0 10 004
	OP

	TEMPERATURE 9)
	
	
	
	
	

	Ambient air temperature (over specified surface) 14)
	-80 °C – +60 °C
	0.1 K
	I, V
	0 12 101
	OP

	Dew-point temperature 14)
	-80 °C – +60 °C
	0.1 K
	I, V
	0 12 103
	OP

	Ground (surface) temperature (over specified surface) 14)
	-80 °C – +80 °C
	0.1 K
	I, V
	0 12 120
	VAL

	Soil temperature14)
	-50 °C – +50 °C
	0.1 K
	I, V
	0 12 130
	OP

	Snow temperature 14)   
	-80 °C – 0 °C
	0.1 K
	I, V
	0 12 131
	VAL

	Water temperature - river, 

lake, sea, well 
	-2 °C – +100 °C
	0.1 K
	I, V
	0 13 082 or

0 22 043
	    OP

OP

	HUMIDITY 9)
	
	
	
	
	

	Relative humidity  
	0 – 100%
	1%
	I, V
	0 13 003
	OP

	Mass mixing ratio
	0 – 100%
	1%
	I, V
	0 13 110
	VAL

	Soil moisture
	0 – 103 g kg-1
	1 g kg-1
	I, V
	0 13 111
	VAL

	Water vapour pressure
	0 – 100 hPa
	10 Pa
	I, V
	0 13 004
	OP

	Evaporation/evapotranspiration
	0 – 0.2 m
	0.1 kg m-2, 
0.0001 m
	T
	0 13 033
	OP

	Object wetness duration
	0 – 86 400 s
	1 s
	T
	0 13 112
	VAL

	WIND 
	
	
	
	
	

	Direction 
	0 11,13); 1( – 360(
	1(
	I, V
	0 11 001
	OP

	Speed 
	0 – 75 m s-1
	0.1 m s-1
	I, V
	0 11 002
	OP

	Gust Speed
	0 – 150 m s-1
	0.1 m s-1
	I, V
	0 11 041
	OP

	X,Y component of wind vector

  Z component of wind vector

 (horizontal and vertical profile)
	-150 – 150 m s-1

-40 – 40 m s-1
	0.1 m s-1
	I, V
	0 11 003

0 11 004 

0 11 006
	OP 

OP 

OP

	Turbulence type (Low levels and wake vortex) 16)
	up to 15 types
	BUFR Table  

Not specified yet
	I, V
	-
	N

	Turbulence intensity 16)
	up to 15 types
	BUFR Table  

Not specified yet
	I, V
	-
	N

	RADIATION 6)
	
	
	
	
	

	Sunshine duration
	0 – 86 400 s
	60 s
	T
	0 14 031
	OP

	Background luminance
	0 – 1∙105 Cd m-2
	1 Cd m-2
	I, V
	0 14 056
	VAL

	Global downward solar radiation 
	0 – 1∙108 J m-2
	1. 102  J m-2
	I, T, V
	0 14 028
	OP

	Global upward solar radiation
	-1∙108 – 0 J m-2
	1. 102  J m-2
	I, T, V
	0 14 052
	VAL

	Diffuse solar radiation
	0 – 1∙108 J m-2
	1. 102  J m-2
	I, T, V
	0 14 029
	OP

	Direct solar radiation
	0 – 1∙108 J m-2
	1. 102  J m-2
	I, T, V
	0 14 030
	OP

	Downward long-wave radiant exposure
	0 – 6∙107 J m-2
	1. 103  J m-2
	I, T, V
	0 14 002
	OP

	Upward long-wave radiant exposure
	-6∙107 – 0 J m-2
	1. 103  J m-2
	I, T, V
	0 14 002
	OP

	Net radiant exposure
	-1∙108  – 1∙108 J m-2
	1. 103  J m-2
	I, T, V
	0 14 053
	VAL

	UV-B radiant exposure 8)
	0 – 26.104 J m-2
	1  J m-2
	I, T, V
	0 14 072
	VAL

	Photosynthetically active radiation 22)
	0 – 6∙107 J m-2
	1∙103 J m-2
	I, T, V
	0 14 054
	VAL

	Surface albedo
	0 – 100%
	1%
	          I, V
	0 14 019
	OP


	VARIABLE 1) 


	Maximum  Effective Range 2)
	Minimum Reported Resolution 3)
	Mode of

Observation 4)
	BUFR / CREX 5)
	Status 5)

	CLOUDS
	
	
	
	
	

	Cloud base height
	0 – 30 km
	10 m
	I, V
	0 20 013
	OP

	Cloud top height
	0 – 30 km
	10 m
	I, V
	0 20 014
	OP

	Cloud type, convective vs. other types
	up to 30 classes
	BUFR Table
	I
	0 20 012
	OP

	Cloud hydrometeor concentration
	1 – 700 hydrometeors dm-3
	1 hydrometeor dm-3
	I, V
	0 20 130
	VAL

	Effective radius of cloud hydrometeors
	2∙10-5 – 32∙10-5 m
	2∙10-5 m
	I, V
	0 20 131
	VAL

	Cloud liquid water content
	1∙10-5–1.4∙10-2 kg m-3
	1∙10-5 kg m-3
	I, V
	0 20 132
	VAL

	Optical depth within each layer
	Not specified yet
	Not specified yet
	I, V
	-
	N

	Optical depth of fog
	Not specified yet
	Not specified yet
	I, V
	-
	N

	Height of inversion
	0 – 1 000 m
	10 m
	I, V
	0 20 093
	VAL

	Cloud cover
	0 – 100%
	1%
	I, V
	0 20 010
	OP

	Cloud amount
	0 – 8/8
	1/8
	I, V
	0 20 011
	OP

	PRECIPITATION
	
	
	
	
	

	Accumulation 7)
	0 – 1600 mm
	0.1 kg m-2, 0.0001 m
	T
	0 13 011
	OP

	Depth of fresh snowfall
	0 –1000 cm
	0.001 m 
	T
	0 13 118
	VAL

	Duration
	up to 86 400 s
	60 s
	T
	0 26 020
	OP

	Size of precipitating element 17)
	1∙10-3 – 0.25 m
	1∙10-3 m
	I, V
	0 13 058

0 20 066
	OP

OP

	Intensity - quantitative
	0 – 2000 mm h-1
	0.1 kg m-2 s-1,  0.1 mm h-1
	I, V
	0 13 155
	OP

	Type
	up to 30 types
	BUFR Table
	I, V
	0 20 021
	OP

	Rate of ice accretion
	0 – 1 kg dm-2 h-1
	1∙10-3 kg dm-2 h-1
	I, V
	0 13 114
	VAL

	OBSCURATIONS
	
	
	
	
	

	Obscuration type 
	up to 30 types
	BUFR Table
	I, V
	0 20 025
	OP

	Hydrometeor type 
	up to 30 types
	BUFR Table
	I, V
	0 20 025
	OP

	Lithometeor type
	up to 30 types
	BUFR Table
	I, V
	0 20 025
	OP

	Hydrometeor radius
	2∙10-5 – 32∙10-5 m
	2∙10-5 m
	I, V
	0 20 133
	VAL

	Extinction coefficient 
	0 – 1 m-1
	0.00001 m-1
	I, V
	0 15 029
	VAL

	Meteorological Optical Range 10)
	1 – 100 000 m
	1 m
	I, V
	0 15 051
	VAL

	Runway visual range
	1 – 4 000 m
	1 m
	I, V
	0 20 061
	OP

	Other weather type
	up to 18 types
	BUFR Table
	I, V
	0 20 023
	OP

	LIGHTNING
	
	
	
	
	

	Lightning rates of discharge
	0 – 100 000
	 h-1
	I, V
	0 20 126
	VAL

	Lightning discharge type (cloud to cloud, cloud to surface)
	3 types
	BUFR Code Table
	I, V
	0 20 023
	OP

	Lightning discharge polarity
	2 types
	BUFR Code Table
	I, V
	0 20 119
	VAL

	Lightning discharge energy
	Not specified yet
	Not specified yet
	I, V
	-
	N

	Lightning - distance from station
	0 – 3∙104 m
	103 m
	I, V
	0 20 127
	VAL

	Lightning - direction from station
	1( – 360(
	1 degree
	I, V
	0 20 128
	VAL


	VARIABLE 1) 


	Maximum

Effective Range 2)
	Minimum Reported Resolution 3)
	Mode of

Observation 4)
	BUFR / CREX 5)
	Status 5)

	HYDROLOGIC AND MARINE OBSERVATIONS
	
	
	
	
	

	Flow discharge – river
	0 – 2.5∙105 m3 s-1
	0.1 m3 s-1
	I, V
	0 23 040
	VAL

	Flow discharge – well
	0 – 50 m3 s-1
	0.001 m3 s-1
	I, V
	0 23 041
	VAL

	Ground water level
	0 – 1 800 m
	0.01 m
	I, V
	0 13 074
	VAL

	Ice surface temperature 14)
	-80 °C – +0 °C
	0.5 K
	I, V
	0 12 132
	VAL

	Ice thickness - river, lake 15)
	0 – 50 m
	0.01 m
	I, V
	0 08 029

0 13 115
	VAL

	Ice thickness - glacier, sea 15)
	0 – 4 270 m
	1 m
	I, V
	0 08 029

0 13 115
	VAL

	Water level
	0 – 100 m
	0.01 m
	I, V
	0 13 071

0 13 072
	OP

OP

	Wave height 
	0 – 50 m
	0.1 m
	V
	0 22 021
	OP

	Wave period 18)
	0 – 100 s    
	1 s
	V
	2 01 129

0 22 011

2 01 000
	OP

	Wave direction
	0 13); 1 – 360 degrees
	1 degrees
	V
	0 22 001
	OP

	1D spectral wave energy density 18)
	0 – 5x105 m2Hz-1 
	10-3 m2Hz-1
	V, T
	2 01 135
0 22 069

2 01 000
	OP

	2D spectral wave energy density 18)
	0 – 5x105 m2Hz-1 
	10-3 m2Hz-1
	V, T
	2 01 135
0 22 069

2 01 000
	OP

	Water practical salinity 18)
	0 – 400 psu12
	10-3 psu
	I, V
	2 01 130
0 22 064

2 01 000
	OP

	Water conductivity 18)
	0 – 600 S m-1   
	10-6 S m-1
	I, V
	2 01 132
0 22 066

2 01 000
	OP

	Water pressure 18) 19)
	0 – 11x107 Pa
	100 Pa    
	I, V
	2 07 001
0 22 065

2 07 000
	OP

	Ice thickness 18)     
	0 – 3 m    
	0.015 m    
	T
	2 01 133

2 02 129
0 20 031

2 02 000

2 01 000
	OP

	Ice mass
	0 – 50 kg m-1
	0.5 kg m-1
(on 32 mm rod)
	T
	0 20 135
	VAL

	Snow density (liquid water content)
	100 – 700 kg m-3
	1 kg m-3
	T
	0 13 117
	VAL

	Tidal elevation with respect to local chart datum 18)
	-10 – +30 m    
	0.001 m
	I, V
	2 01 129
0 22 038

2 01 000
	OP

	Tidal elevation with respect to national land datum 18)
	-10 – +30 m    
	0.001 m
	I, V
	2 01 129
0 22 037

2 01 000
	OP

	Meteorological residual tidal elevation (surge or offset) 18) 20)
	-10 – +16m    
	0.001 m
	I, V
	0 22 040

Note 20)
	OP

	Ocean Current - Direction 
	0 13); 1( – 360(
	1(
	I, V
	0 22 004

or

0 22 005
	OP

OP

	Ocean Current - Speed 
	0 – 10 m s-1
	0.01 m s-1
	I, V
	0 22 031

or

0 22 032
	OP

OP


	OTHER SURFACE VARIABLES
	
	
	
	
	

	Runway conditions
	up to 10 types
	BUFR Table
	I, V
	0 20 085
	OP

	Braking action/friction coefficient
	up to 7 types
	BUFR Table
	I, V
	0 20 089
	OP

	State of ground
	up to 30 types
	BUFR Table
	I, V
	0 20 062
	OP

	Type of surface specified
	up to 15 types
	BUFR Table
	I, V
	0 08 010
	OP

	Snow depth
	0 – 25 m
	0.01 m
	T
	0 13 013
	OP

	OTHER
	
	
	
	
	

	Gamma radiation dose rate 21)
	1 – 103 nSv h-1
	0.1 nSv h-1
	I, T
	0 24 014
	VAL

	Categories of stability
	9 types
	BUFR Table
	I, V
	0 13 041
	OP


Notes:

1. Name of variable, in line with WMO vocabulary and Technical Regulations.

2. Maximum Effective Range - Maximum range of measuring capability; units traceable to SI.

3. Minimum Reported Resolution – Lower resolution of reporting is not permitted.

4. Mode of Observation – Type of data being reported:

I:  Instantaneous – 1-minute value (instantaneous as defined in WMO-No. 8, Part II, paragraph  1.3.2.4);

V:  Variability – Average (mean), Standard Deviation, Maximum, Minimum, Range, Median, etc. of samples – those reported depend upon meteorological variable;

T: Total – Integrated value over defined period; maximum 24 hours for all parameters except radiation which requires a maximum of one hour (exception, see note 6), and precipitation accumulation (6 hours maximum). The relevant element descriptor shall be preceded by a time period descriptor 0 04 024 (in hours) or 0 04 025 (in minutes).

A:  Average (mean) value.

5. BUFR/CREX descriptors for representation of the listed variables; 

OP:   Operational descriptors of BUFR/CREX Table B, Version Number 14. 

VAL: Descriptors to be validated. 

N:     Not yet specified requirements.

6. Radiation energy amounts are given over a 24-hour period. Terminology is based on CIMO Guide, Part I, Chapter 7.
7. Maximum interval: 6 hours.

8. Definition of UV-B according to WMO-No. 8 (Vol. 1, Chapter on Radiation). Descriptor 0 14 072 (Global UV irradiation) was recommended for validation in September 2008.

9. Humidity related variables (i.e. dew point) expressed as temperature are collected under temperature.

10. MOR uniquely related to "extinction coefficient", (, by MOR = -ln(5%)/(.
11. Direction to indicate 0 (zero) if speed = 0.

12. Absolute Salinity (kg.kg-1) is now being used for ocean applications (IOC Res XXV-7). However, salinity that is reported to national oceanographic data centres remains the Practical Salinity (psu). Ocean water is about 35 psu. Lake Asal (Ethiopia) is the most saline body of water on earth with 348 psu salt concentration.

13. Calm.

14. Temperature data represented by 0 12 101, 0 12 103, 0 12 113, 0 12 120, 0 12 130, 0 12 131 and 0 12 132 shall be reported with precision in hundredths of a degree even if they are measured with the accuracy in tenths of a degree. This requirement is based on the fact that conversion from the Kelvin to the Celsius scale has often resulted into distortion of the data values. Temperature t (in degrees Celsius) shall be converted into temperature T (in degrees Kelvin) using equation: T = t + 273.15.

15. Ice thickness 0 13 115 shall be preceded by 0 08 029 (Surface type) set to 11, 12, 13 or 14 to specify river, lake, sea or glacier, respectively.

16. If the UNIT is specified as “BUFR Table”, the BUFR descriptor cannot be proposed without the content of the table being available.

17. 0 13 058 (Size of precipitation element) is capable to express size of any precipitation element, apart from hailstones. Size of hailstones shall be represented by 0 20 066.

18. If these requirements are confirmed, it has to be noted that the selected descriptors are suitable for the normal operating conditions and shall be combined with appropriate operator descriptors to allow representation of the extreme values or the requested high precision.
19. Operator 2 07 Y is recommended to be used with Water pressure 0 22 065 (Pa, -3, 0, 17), if the data are produced in BUFR, Edition 4. The same result, i.e. change to (Pa, -2, 0, 21) would be obtained by the combined use of the less sophisticated operators 201Y and 202Y: 
2 01 132

2 02 129

0 22 065 Reported value of “Water pressure”
2 02 000

2 01 000

20. The following sequence is to be used to change data width and reference value of 0 22 040 (m, 3, -5000, 14) to become (m, 3, -10000, 15):

2 01 129

2 03 015

0 22 040 New reference value = -10000 

2 03 255

0 22 040 Reported value of “Meteorological residual tidal elevation”
2 01 000

2 03 000
21. Gamma radiation dose rate 0 24 014 is intended to be used for reporting of this element under normal conditions, nuclear accidents excluded.

22. Photosynthetically active radiation (PAR). Various forms of the electromagnetic energy flux in the 400 – 700 nm wavelength range, either as integrated spectra or using different weighting functions. For example converted to the photosynthetic photon flux (PPF) in quanta per second per square meter, or mole of quanta per second per square meter or microeinsteins per second per square meter.  Approximate conversion is 1 J m-2 s-1 equivalent to 5 μE m-2 s-1 based on a mean wavelength of 550 nm.

The introduced changes are written in blue or marked by side bars.

------------------------
Descriptors proposed for validation regarding the requirements in the above functional specification for aws

A descriptor proposed for validation in 2008 
For UV-B radiation

	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 14 072
	Global UV irradiation
	J m-2
	–3
	–8192
	14
	J m-2
	–3
	4


Note:

(2) Global UV irradiation (0 14 072) is UV energy integrated over period specified for spectral band specified. 0 14 072 shall be preceded by a time period descriptor and by 0 02 071 (Spectrographic wavelength) and 0 02 072 (Spectrographic width). E.g. If 0 14 072 is used for Global UV-B irradiation, 0 02 071 and 0 02 072 shall specify spectral band 280 to 315 nm.

 Descriptors proposed for validation in 2009 
For Temperature

	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 12 120
	Ground temperature
	K
	2
	0
	16
	˚C
	2
	4

	0 12 131
	Snow temperature
	K
	2
	0
	16
	˚C
	2
	4


For Humidity

	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 13 110
	Mass mixing ratio
	%
	0
	0
	7
	%
	0
	3

	0 13 111
	Soil moisture
	g kg-1
	0
	0
	10
	g kg-1
	0
	4

	0 13 112
	Object wetness duration
	s
	0
	0
	17
	s
	0
	5


For Radiation

	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 14 056
	Background luminance
	Cd m-2
	0
	0
	18
	Cd m-2
	0
	6

	0 14 052
	Global upward solar radiation, integrated over period specified
	J m-2
	-2
	- 1048574
	20
	J m-2
	-2
	7

	0 14 053
	Net radiation (high accuracy), integrated over period specified
	J m-2
	-2
	- 1048574
	21
	J m-2
	-2
	7

	0 14 054
	Photosynthetically active radiation, integrated over period specified
	J m-2
	–3
	0
	16
	J m-2
	–3
	5


For Clouds

	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 20 130
	Cloud hydrometeor concentration
	Numeric
	0
	0
	10
	Numeric
	0
	3

	0 20 131
	Effective radius of cloud hydrometeors
	m
	5 
	0
	6 
	m
	5 
	2

	0 20 132
	Cloud liquid water content
	kg m-3
	5
	0
	11
	kg m-3
	5
	4

	0 20 093
	Height of inversion
	m
	-1
	0
	8
	m
	-1
	3


And a Note under Class 20:

Cloud hydrometeor concentration 0 20 130 represents the number of hydrometeors in 1 dm3.

For Precipitation

	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 13 114
	Rate of ice accretion
	 kg m-2 h-1
	1
	0
	11
	kg m-2 h-1
	1
	4


Moreover, the name of 0 20 032 is proposed to be changed from the current “Rate of ice accretion” to “Rate of ice accretion (estimated)". 

For Obscuration

It is proposed to introduce two new descriptors (0 20 133 and 0 15 051) and to modify the already existing descriptor 0 15 029 (Extinction coefficient, m-1, 0, 0, 10), currently under validation: 

	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 20 133
	Hydrometeor radius 
	m
	5 
	0
	6 
	m
	5 
	2

	0 15 051
	Meteorological Optical Range
	m
	0
	0
	18
	m
	0
	6

	0 15 029
	Extinction coefficient 
	m-1
	9
	0
	30
	m-1
	9 
	10


For Lightning

	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 20 126
	Lightning rate of discharge 
	h-1
	0
	0
	23
	h-1
	0
	7

	0 20 127
	Lightning - distance from station
	m
	-3
	0
	6 
	m
	-3 
	2

	0 20 128
	Lightning - direction from station
	Degree true
	0
	0
	9
	Degree true
	0
	3

	0 20 119
	Lightning discharge polarity
	Code table
	0
	0
	2
	Code table
	0
	1


0 20 119 - Lightning discharge polarity:

	Code figure
	

	0
	Not defined

	1
	Positive

	2
	Negative

	3
	Missing value


For Hydrologic and marine data

	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 23 040
	Flow discharge – river
	m3 s-1 
	1
	0
	22
	m3 s-1 
	1
	7

	0 23 041
	Flow discharge – well
	 m3 s-1
	3
	0
	16
	 m3 s-1
	3
	5

	0 13 074
	Ground water level
	m
	2
	0
	18
	m
	2
	6

	0 12 132
	Ice surface temperature
	K
	2
	0
	16
	˚C
	2
	4

	0 13 115
	Ice thickness 
	m
	2
	0
	19
	m
	2
	6

	0 20 135
	Ice mass (on a rod)
	kg m-1
	1
	0
	10
	kg m-1
	1
	3

	0 13 117
	Snow density (liquid water content)
	kg m-3
	0
	0
	10
	kg m-3
	0
	3


 And a Note under Class 13:

Ice thickness 0 13 115 shall be preceded by 0 08 029 (Surface type) set to 11, 12, 13 or 14 to specify river, lake, sea or glacier, respectively.

Moreover, the name of 0 08 029 is proposed to be changed from the current “Remotely sensed surface type” to “Surface type” and the following code figures introduced: 

 0 08 029 - Surface type:
	Code figure
	

	11
	river

	12
	lake

	13
	sea  

	14
	glacier


For Other

	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 24 014
	Gamma radiation dose rate
	nSv h-1
	1
	0
	14
	nSv h-1
	1
	4


And a Note under Class 24:

Gamma radiation dose rate 0 24 014 is intended to be used for reporting of this element under normal conditions, nuclear accidents excluded.     

A new descriptor proposed for validation in 2010 
For Depth of fresh snow

The existing BUFR/CREX descriptor 0 13 012 Depth of fresh snow (m, 2, -2, 12) is not capable to meet the requested demand for high precision (in 0.001 m). To avoid the necessity to apply all three operators 201Y, 202Y and 203Y, a new descriptor 0 13 118 is proposed for validation.  This proposal has been discussed with IPET-DRC members, but it has not yet been submitted to an IPET-DRC meeting. 

	Table reference
	
	BUFR
	CREX

	F X Y
	Element name
	Unit
	Scale
	Reference    value
	Data width
	Unit
	Scale
	Data width

	0 13 118
	Depth of fresh snow (high accuracy)
	m
	3
	0
	14
	 m
	3
	5


__________________











Annex VI

BUFR template for surface observations from n-minute period  “TM 307092”
	
	
	
	Unit, scale

	3 01 089
	
	National station identification
	

	
	0 01 101
	State identifier (1)
	Code table, 0

	
	0 01 102
	National station number (1)
	Numeric, 0

	3 01 090
	
	Fixed surface station identification; time, horizontal and vertical co-ordinates
	

	
	3 01 004
	Surface station identification
	

	
	
	WMO block number
	Numeric, 0

	
	
	WMO station number
	Numeric, 0

	
	
	Station or site name
	CCITT IA5, 0

	
	
	Type of station
	Code table, 0

	
	3 01 011
	Year(2)
	Year, 0

	
	
	Month(2)
	Month, 0

	
	
	Day(2)
	Day, 0

	
	3 01 012
	Hour(2)
	Hour, 0

	
	
	Minute(2)
	Minute, 0

	
	3 01 021
	Latitude (high accuracy)
	Degree, 5

	
	
	Longitude (high accuracy)
	Degree, 5

	
	0 07 030
	Height of station ground above mean sea level 
	m, 1

	
	0 07 031
	Height of barometer above mean sea level 
	m, 1

	0 08 010
	
	Surface qualifier (for temperature data)
	Code table, 0

	3 01 091
	
	Surface station instrumentation
	

	
	0 02 180
	Main present weather detecting system
	Code table, 0

	
	0 02 181
	1.1.1.1 Supplementary present weather sensor
	Flag table, 0

	
	0 02 182
	Visibility measurement system
	Code table, 0

	
	0 02 183
	Cloud detection system
	Code table, 0

	
	0 02 184
	Type of lightning detection sensor
	Code table, 0

	
	0 02 179
	Type of sky condition algorithm 
	Code table, 0

	
	0 02 186
	Capability to detect precipitation phenomena
	Flag table, 0

	
	0 02 187
	Capability to detect other weather phenomena
	Flag table, 0

	
	0 02 188
	Capability to detect obscuration
	Flag table, 0

	
	0 02 189
	Capability to discriminate lightning strikes
	Flag table, 0

	0 04 015
	
	Time increment (=  - n  minutes)
	Minute, 0

	0 04 065
	
	Short time increment ( = 1 minute)  
	Minute, 0

	1 25 000    
	
	Delayed replication of 25 descriptors  
	

	0 31 001
	
	Delayed descriptor replication factor        (= n)
	Numeric, 0

	0 10 004
	
	Pressure
	Pa,  –1

	3 02 070
	
	Wind data 
	

	
	0 07 032
	Height of sensor above local ground
	m, 2

	
	0  07 033
	 Height of sensor above water surface
	m, 1

	
	0 11 001
	Wind direction
	Degree true, 0

	
	0 11 002
	Wind speed
	m s-1, 1

	
	0 11 043
	Maximum wind gust direction
	Degree true, 0

	
	0 11 041
	Maximum wind gust speed 
	m s-1, 1

	
	0 11 016
	Extreme counter-clockwise wind direction of a variable wind
	Degree true, 0

	
	0 11 017
	Extreme clockwise wind direction of a variable wind
	Degree true, 0

	3 02 072
	
	Temperature and humidity data
	

	
	0 07 032
	Height of sensor above local ground
	m, 2

	
	0  07 033
	 Height of sensor above water surface
	m, 1

	
	0 12 101
	Temperature/air-temperature (scale 2) 
	K, 2

	
	0 12 103
	Dew-point temperature  (scale 2)
	K, 2

	
	0 13 003
	Relative humidity
	%, 0

	0 07 032
	
	Height of sensor above local ground

(for ground temperature)
	m, 2

	0 12 101
	
	Temperature/air-temperature (scale 2) 

(for ground temperature)
	 K, 2

	1 03 000
	
	Delayed replication of 3 descriptors  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	1 01 005
	
	Replicate 1 descriptor five times
	

	3 07 063
	0 07 061
	Depth below land surface    
	m, 2

	
	0 12 130
	Soil temperature (scale 2)
	K, 2

	0 07 061
	
	Depth below land surface 

(set to missing to cancel the previous value)   
	m, 2

	1 01 000
	
	Delayed replication of 1 descriptor  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	3 02 069
	
	Visibility data
	

	
	0 07 032
	Height of sensor above local ground
	m, 2

	
	0  07 033
	Height of sensor above water surface
	m, 1

	
	0 33 041
	Attribute of following value
	Code table, 0

	
	0 20 001
	Horizontal visibility
	m, –1

	0 07 032
	
	Height of sensor above local ground

(set to missing to cancel the previous value)
	m, 2

	0  07 033
	
	Height of sensor above water surface

(set to missing to cancel the previous value)
	m, 1

	1 01 000
	
	Delayed replication of 1 descriptor  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	3 02 073
	
	Cloud data
	

	
	0 20 010
	Cloud cover (total)
	%, 0

	
	1 05 004
	Replicate 5 descriptors four times
	

	
	0 08 002
	Vertical significance
	Code table, 0

	
	0 20 011
	Cloud amount
	Code table, 0

	
	0 20 012
	Cloud type
	Code table, 0

	
	0 33 041
	Attribute of following value
	Code table, 0

	
	0 20 013
	Height of base of cloud
	m,  –1

	1 01 000
	
	Delayed replication of 1 descriptor  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	3 02 076
	
	Precipitation, obscuration and other phenomena
	

	
	0 20 021
	Type of precipitation
	Flag table, 0

	
	0 20 022
	Character of precipitation
	Code table, 0

	
	0 26 020 
	Duration of precipitation(3)
	Minute, 0

	
	0 20 023
	Other weather phenomena
	Flag table, 0

	
	0 20 024
	Intensity of phenomena
	Code table, 0

	
	0 20 025
	Obscuration
	Flag table, 0

	
	0 20 026
	Character of obscuration
	Code table, 0

	1 02 000
	
	Delayed replication of 2 descriptors  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	0 13 155
	
	Intensity of precipitation (high accuracy)
	kg m-2 s-1, 5

	0 13 058
	
	Size of precipitation element
	m, 4

	
	
	(end of the replicated sequence)
	

	1 02 000
	
	Delayed replication of 2 descriptors  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	0 20 031
	
	Ice deposit (thickness)
	m, 2

	0 20 032
	
	Rate of ice accretion
	Code table, 0

	1 01 000
	
	Delayed replication of 1 descriptor  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	3 02 078
	
	State of ground and snow depth measurement
	

	
	0 02 176
	Method of state of ground measurement
	Code table, 0

	
	0 20 062
	State of ground (with or without snow)
	Code table, 0

	
	0 02 177
	Method of snow depth measurement
	Code table, 0

	
	0 13 013
	Total snow depth
	m, 2

	1 02 000
	
	Delayed replication of 2 descriptors  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	3 02 079
	
	Precipitation measurement
	

	
	0 07 032
	Height of sensor above local ground
	m, 2

	
	0 02 175
	Method of precipitation measurement
	Code table, 0

	
	0 02 178
	Method of liquid water content measurement of 

precipitation
	Code table, 0

	
	0 04 025
	Time period  (=  - n minutes)
	Minute, 0

	
	0 13 011
	Total precipitation / total water equivalent of snow 
	kg m-2, 1

	0 07 032
	
	Height of sensor above local ground

(set to missing to cancel the previous value)
	m, 2

	1 01 000
	
	Delayed replication of 1 descriptor  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	3 02 080
	
	Evaporation measurement
	

	
	0 02 185
	Method of evaporation measurement
	Code table, 0

	
	0 04 025
	Time period or displacement ( = - n minutes)
	Minute, 0

	
	0 13 033
	Evaporation /evapotranspiration
	kg m-2, 1

	1 01 000
	
	Delayed replication of 1 descriptor  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	3 02 081
	
	Total sunshine data
	

	
	0 04 025
	Time period  (=  - n minutes)
	Minute, 0

	
	0 14 031
	Total sunshine
	Minute, 0

	1 01 000
	
	Delayed replication of 1 descriptor  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	3 02 082
	
	Radiation data
	

	
	0 04 025
	Time period  (=  - n minutes)
	Minute, 0

	
	0 14 002
	Long-wave radiation, integrated over period specified
	J m-2,  -3

	
	0 14 004
	Short-wave radiation, integrated over period specified
	J m-2,  -3

	
	0 14 016
	Net radiation, integrated over period specified
	J m-2,  -4

	
	0 14 028
	Global solar radiation (high accuracy), 

 integrated over period specified
	J m-2,  -2

	
	0 14 029
	Diffuse solar radiation (high accuracy), 

 integrated over period specified
	J m-2,  -2

	
	0 14 030
	Direct solar radiation (high accuracy), 

 integrated over period specified
	J m-2,  -2

	1 02 000
	
	Delayed replication of 2 descriptors  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	0 04 025
	
	Time period  (=  - n minutes)
	Minute

	0 13 059
	
	Number of flashes
	Numeric

	1 01 000
	
	Delayed replication of 1 descriptor  
	

	0 31 000
	
	Short delayed descriptor replication factor
	Numeric, 0

	3 02 083
	
	First order statistics of P, W, T, U data
	

	
	0 04 025
	Time period  (=  - n minutes)
	Minute, 0

	
	0 08 023
	First order statistics 

(= 9; best estimate of standard deviation) (4) 
	Code table, 0

	
	0 10 004
	Pressure
	Pa,  –1

	
	0 11 001
	Wind direction
	Degree true, 0

	
	0 11 002
	Wind speed
	m s-1, 1

	
	0 12 101
	Temperature/air-temperature (scale 2) 
	K, 2

	
	0 13 003
	Relative humidity
	%, 0

	
	0 08 023
	First order statistics (= missing value) 
	Code table, 0

	0 33 005
	
	Quality information (AWS data)
	Flag table, 0

	0 33 006
	
	Internal measurement status information (AWS)
	Code table, 0


Notes: 

1) 0 01 101 (WMO Member State identifier) and 0 01 102 (National AWS number) shall be used to identify a station within the national numbering system that is completely independent of  the WMO international numbering system. The WMO international identification  0 01 001 (WMO block number) and 0 01 002 (WMO station number) shall be reported if available for the particular station.

2) The time identification refers to the end of the n-minute period.

3) Duration of precipitation (in minutes) represents number of minutes in which any precipitation was registered.  

4) Best estimate of standard deviation is counted out of a set of samples (signal measurements) recorded within the period specified; it should be reported as a missing value, if the measurements of the relevant element are not available from a part of the period specified by 0 04 025. 

5) If reporting nominal values is required, the template shall be supplemented with 3 07 093. 

3 07 093 - Representation of nominal values 
	3 07 093
	
	Nominal values 
	

	
	2 23 000
	Substituted values operator
	

	
	2 36 000
	Backward reference bit map
	

	
	1 01 000
	Delayed replication of 1 descriptor
	

	
	0 31 001
	Delayed descriptor replication factor

= number of data items
	Numeric, 0

	
	0 31 031
	Data present indicator
	Numeric, 0

	
	0 01 033
	Indication of originating/generating centre
	Code table, 0

	
	0 01 032
	Generating application
	Code table, 0

	
	0 08 083
	Nominal value indicator 
	Flag table, 0

	
	1 01 000
	Delayed replication of 1 descriptor
	

	
	0 31 001
	Delayed descriptor replication factor
	Numeric, 0

	
	2 23 255
	Substituted values 
	

	
	1 08 000
	Delayed replication of 8 descriptors
	

	
	0 31 001
	Delayed descriptor replication factor 
	Numeric, 0

	
	2 23 000
	Substituted values operator
	

	
	2 37 000
	Use previously defined bit map
	

	
	0 01 033
	Indication of originating/generating centre
	Code table, 0

	
	0 01 032
	Generating application
	Code table, 0

	
	0 08 083
	Nominal value indicator 
	Flag table, 0

	
	1 01 000
	Delayed replication of 1 descriptor
	

	
	0 31 001
	Delayed descriptor replication factor
	Numeric, 0

	
	2 23 255
	Substituted values 
	


Note: For definition of nominal values see Manual on the GDPFS, WMO-No. 485. Class I being “instrument data” and Class II “nominal values”.
Annex VII

Example of usage of TM 307093 for representation of nominal values


Template TM 307093 is used to express representative height of sensors and nominal values of temperature, dew-point temperature, relative humidity, wind speed and total precipitation  reported in TM 307091. The measured values of all selected elements are adjusted with respect to the representative height of sensors above local ground (Bit No.1 is set to 1 in  0 08 083).  Moreover, the measured value of wind speed is adjusted also with respect to standard surface roughness (Bit No.3 is set to 1 in 0 08 083). The amount of total precipitation is adjusted with respect to the representative height of sensor above local ground and with respect to wind speed (Bit No.1 and Bit No.4 are set to 1 in 0 08 083 for precipitation).


In this example 307093 is applied to 307091, where all short delayed replication factors are set to 1, i.e. this station is equipped sufficiently to report all elements in TM 307091. 
3 07 093 used for the expanded 3 07 091:

	
	Nominal values 
	

	2 23 000
	Substituted values operator
	

	2 36 000
	Backward reference bit map
	

	1 01 000
	Delayed replication of 1 descriptor
	

	0 31 001
	Delayed descriptor replication factor

= number of expanded descriptors of 3 07 091

= 172 in Example 1
	Numeric

	0 31 031
	Data present indicator

      =   1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,

0,1,0,0,0,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0,1,1,1,1,0,1,1,1,0,1,1,0,1,1,1,0,1,1,0,0,1,1,1,1,1,0,1,1,1,0,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1  

in Example 1
	Numeric

0 31 031 = 1

written in red
correspond

to 0 31 000

in 3 07 091

	
	Representative height of sensors and nominal values of temperature, dew-point temperature, relative humidity and extreme temperatures
	

	0 01 033
	Indication of originating/generating centre
	Code table

	0 01 032
	Generating application
	Code table

	0 08 083
	Nominal value indicator                                       Bit No.1=1
	Flag table

	1 01 000
	Delayed replication of 1 descriptor
	

	0 31 001
	Delayed descriptor replication factor                      = 13
	Numeric

	2 23 255
	Substituted values 

In 1st replication = Representative height of sensor above local ground (for temperature and humidity),

in 2nd replication = Nominal value of temperature,

in 3rth replication = Nominal value of dew-point temperature, 

in 4th replication = Nominal value of relative humidity,  

in 5th to 8th replication  = Missing

in 9th replication = Representative height of sensor above local ground (for temperature),

in 10th replication = Nominal value of maximum temperature, 

in 11th replication = Nominal value of minimum temperature,

in 12th  and 13th replication = Missing.   
	


	1 08 000
	Delayed replication of 8 descriptors is expanded as shown below 
	

	0 31 001
	Delayed descriptor replication factor                                    = 4

(1) Representative height of sensor for wind speed

(2) Nominal values of wind speed

(3) Representative height of sensor for precipitation

(4) Nominal value of total precipitation
	

	
	(1) Representative height of sensor for wind speed
	

	2 23 000
	Substituted values operator
	

	2 37 000
	Use previously defined bit map
	

	0 01 033
	Indication of originating/generating centre
	Code table

	0 01 032
	Generating application
	Code table

	0 08 083
	Nominal value indicator                                  Bit No.1=1
	Flag table

	1 01 000
	Delayed replication of 1 descriptor
	

	0 31 001
	Delayed descriptor replication factor                    = 13 
	Numeric

	2 23 255
	Substituted values (representative value of height)

In 1st to 4th replication = Missing, 

in 5th replication = Representative height of sensor above local ground (for wind speed),

in 6th to 13th replication = Missing.
	

	
	(2) Nominal values of wind speed
	

	2 23 000
	Substituted values operator
	

	2 37 000
	Use previously defined bit map
	

	0 01 033
	Indication of originating/generating centre
	Code table

	0 01 032
	Generating application
	Code table

	0 08 083
	Nominal value indicator (for wind speed)       Bit No.1=1, Bit No.3=1
	Flag table

	1 01 000
	Delayed replication of 1 descriptor
	

	0 31 001
	Delayed descriptor replication factor                    = 13 
	Numeric

	2 23 255
	Substituted values (nominal values)

In 1st to 5th replication = Missing,

in 6th replication = Nominal value of wind speed, 

in 7th replication = Nominal value of maximum wind gust speed,

in 8th replication = Nominal value of maximum wind gust speed, 

in 9th to 13th replication  = Missing.                    
	

	
	(3) Representative height of sensor for precipitation
	

	2 23 000
	Substituted values operator
	

	2 37 000
	Use previously defined bit map
	

	0 01 033
	Indication of originating/generating centre
	Code table

	0 01 032
	Generating application
	Code table

	0 08 083
	Nominal value indicator                                      Bit No.1=1
	Flag table

	1 01 000
	Delayed replication of 1 descriptor
	

	0 31 001
	Delayed descriptor replication factor                         = 13 
	Numeric

	2 23 255
	Substituted values (representative value of height)

In 1st to 11th replication = Missing,

in 12th replication = Representative height of sensor above local ground (for precipitation),

in 13th replication  = Missing. 
	

	
	(4) Nominal value of total precipitation
	

	2 23 000
	Substituted values operator
	

	2 37 000
	Use previously defined bit map
	

	0 01 033
	Indication of originating/generating centre
	Code table

	0 01 032
	Generating application
	Code table

	0 08 083
	Nominal value indicator (for precipitation)      Bit No.1=1, Bit No.4 = 1
	Flag table

	1 01 000
	Delayed replication of 1 descriptor
	

	0 31 001
	Delayed descriptor replication factor                           = 13 
	Numeric

	2 23 255
	Substituted values (nominal values)

In 1st to 12th replication = Missing,

in 13th replication = Nominal value of total precipitation. 
	


_________________

Annex VIII


ADVANCES IN AWS TECHNOLOGY

Introduction

The ET-AWS session 5 established a list of advances in AWS technology (as well as limitations).The main advances concern telecommunications means and ability of internal diagnostic to optimize the maintenance. There are fewer progresses in the area of sensor development.



The decreasing cost of an AWS make them more affordable and attractive, however, it has to be recognized that the cost of AWS stations remains marginal compared to the initial and running costs of a network. It is very important not to forget this aspect to avoid useless investments by lack of subsequent network management, maintenance, calibration and training.

The ET-AWS agreed that there is a need for continues monitoring of advances of AWS technology for timely and comprehensive advise to Members. This task was proposed for the future Work Plan.

1. Review of progress and advances in AWS technologies

1.1 Platform:

· There is a wide range of configurations of AWSs for surface measurements are available; high end systems (e.g. for airport, climate applications) are most often user specific configured.
· AWSs for marine measurements are available and operational (buoys, ships).
· Advances in technology and the decrease of costs of sensors and dataloggers led to the development and integration by manufacturers of compact/low-cost weather stations. This is significantly driven by the ability to integrate and display data from multiple sources, in real time and near real time, primarily through the internet.

The compact AWSs are increasingly used for agricultural, urban meteorology. They normally integrate inexpensive sensors of performance of measurement yet to be assessed. Most of these AWS include pre-programmed data processing algorithms that are the property of the integrator.  
Given the affordable cost, including installation, the small foot print required, and the increased availability, these platforms have a good chance to capture a large share of the market for producing meteorological data for various applications.

Advantages;

· compact, self-contained;

· low-cost;

· easily deployable;

· integrating up to date forms of communication which allow networking and spatial integration of data.

· ability to establish a denser network;

· real-time and on site storage of data;

· potential to be used as a subset of a fully equipped AWS (e.g. temperature and precipitation);

Disadvantages:

· unknown performance of measurement (sensors, processing algorithms);

· data processing and siting limited to the system configuration.

· standards for installation and maintenance not developed at this time.

1.2 Telecommunication

· More and more telecommunication means are available: GSM, GPRS, WIMAX, satellite communication (Inmarsat, Iridium, etc.), etc, including the ability to provide back-up if needed.

· Frequency of data transmission: selectable, function of the balance between the need for data and the cost of transmission; generally is performed hourly,  every 5 or 10 minutes, or even 1 minute, available. The transmission period can be switched to more or less frequent transmission to optimize the cost of the transmission.

· An AWS can more and more be seen as an IP object, thus facilitating a central management of the network. IT Security aspects must be taken into account.

· Availability of two way communication for remote diagnostic, troubleshooting, processing algorithm upgrades, thus minimizing the maintenance costs.

· Cost of communication services and equipment is decreasing, making the automatic data transmission affordable.

· The increase in the bandwidth allows the transmission of increased amounts of data, e.g. raw sensor data together with processed data.

1.3 Power


The deployment of AWS in remote areas is greatly facilitated by the availability of alternative affordable power solutions: solar and wind power. Yet, the use of sensors that require heating is limited to locations where power is more readily available.

The power needs of an AWS form the AWS Power Budget and cover:

· measuring sensors.

· central processing unit;

· auxiliary equipment used to mitigate the effects of the environmental factors (heating, cooling, decontamination, etc)

· communication lines between individual sensors and the central processing unit.

· Power supply requirements related to data logger capacity to store data for a predetermined period and allow retrieval on site or remotely.

· System losses/phantom loads.

Power solutions are based on the right balance between AWS power needs and availability of reliable solution to provide it.:

· Primary source which delivers sufficient power to power the AWS system and maintain the batteries charged at full capacity; e.g. power from the grid, aeolian, diesel, solar power, or a combination of those.

· Secondary source: generally a battery (rechargeable or not) which would provide power back-up when the primary source is not available. The AWS load should be adjusted to a reduced consumption when the system is operating on battery, e.g. no venting, no heating.
1.4 Data acquisition


The advances in electronics have determined significant improvements in the processing component of an AWS:

· It eliminated the need for the calibration of the acquisition system of an AWS, with very high stability and allows integrated control procedures.

· Increased the processing capacity and speed, allowing the integration of data from multiple sensors and the implementation of advanced algorithms for data processing (e.g. sensor redundancy, advanced data filtering, multiple-sensors integration, additional data, sensor/system diagnostics processing and output)

· Significantly increased the storage capacity, to securely store on site data for longer periods in case of transmission problems (useful mainly for climatology).

1.5 Sensors

· More and more sensors have internal diagnostics. There is a great interest in transmitting these diagnostics to facilitate distance diagnostics and thus to optimize the maintenance management and associated costs.

· Some sensors (such as barometers) include integrated redundant elements.


But

· The rate of advancements in sensors is slower than a decade ago. Efforts of many NMS to develop new sensors are reduced, due to budget restrictions.

· The technology cycle of about 3 years means that the design stability of sensors is increasingly difficult to maintain for extended periods of time, with impact in the ability to ensure data homogeneity, in particular for climate applications.

· Sensors for “visual observation” or for observation in harsh conditions (cold, icing) require significant power supply, incompatible with an autonomous solar panel system. Therefore, the infrastructure costs may be very high or it becomes unfeasible to implement those sensors where power is not available (e.g. remote area, arctic)

1.6 Quality of measurements

· Observations from modern sensors and AWS are more and more repeatable and comparable, without the subjectivity which may exists with human observation.

· AWS helps in the standardization, allowing for spatial and temporal consistency.

· The current processing capacity of AWS allows the implementation of advanced data quality check, on site, building on the availability of concurrent measurements.

1.7 Infrastructure, siting, maintenance

· Care in the installation, electrical equipotentiality and lightning protections minimize failure and corrective maintenance.

· Not being linked to the infrastructure needed by a human observer, an AWS offers more flexibility for the choice of its site.


But

· An AWS cannot be left unattended more than one year (and sometimes less, depending on the sensors and the site).

1.8 Network


· In area with quite dense networks, the response to a new user need is not necessarily the set up of a new station, but it can come from the spatialization of merged observations (i.e. precipitation radars and rain gauges).

· Function of the intended use of data, a network could be designed on several overlapping layers, with the primary layer consisting of highly performing, complex AWS. The subsequent layers would consist on AWS of various performances and configurations, serving specific purposes, e.g. identifying start and stop of an event, but not offering info on the quality and quantity of the event. This concept could offer the option of an increased density, with a manageable cost.

1.9 Cost

· The cost of procuring and installing an AWS is small compared to the cost of operating it. Adding an additional AWS to an existing network should be assessed based on the life cycle costs, over the expected life span of the system and the expected performance.

· The cost of an AWS is decreasing, but this remains marginal compared to the total initial and running costs of a network: infrastructure, maintenance and calibration, management and training costs.

· Due to the increasing complexity of the data acquisition system, sensors and telecommunication system, the level of skill required for maintenance is higher than for traditional (manual) stations.

2. Current Gaps:

· The assessment of uncertainty at AWS system level, for each of the reported parameters, to fully characterize the measurement, and to include the sensor, the sensor configuration, the data acquisition and processing uncertainties.

· The low cost, compact weather stations are becoming more and more a reality and it’s important to manage the expectations related to their implementation and operation, as a full-blown system or a subsystem (e.g. Temperature and Precipitation); this would cover their configuration, the disclosure of algorithms, the measuring performance, maintenance, installation.

· The potential of using video imaging devices to detect subjective observations and developing methods for the digital interpretation of image data.

· The opportunity of integrating remote area measurements within the  AWS algorithms, e.g. lightning, radar data.

· Definition of guidelines for interoperability of sensors across AWS platforms.

· Addressing evolving network requirements (e.g. tiered systems), from an AWS configuration perspective.

· Document standard AWS processing algorithms that could be implemented by integrators, to ensure consistency of data across platforms.

___________

Annex IX
RECOMMENDATIONS

RECOMMENDATION

Considering the WIGOS development and implementation phases, and the important contribution AWS networks will make to the future WIGOS;

The expert team recommended that:

the ET-AWS agreed that its Work Plan should be aligned with WIGOS requirements to provide expected support towards the implementation of WIGOS concept. 
RECOMMENDATION

Considering:

(i) the lack of clear consultation in the existing process of updating the variables in the AWS Functional Specifications; and
(ii) the lack of an identified sponsor for certain variables;

The expert team recommended that:

(a) variables in the Functional Requirements list should have a “mentor” on a semi-permanent basis. These mentors will be responsible to keep a certain category of variables up-to-date and maintain a communication link between the ET-AWS and the different application areas as mentioned in the RRR process, which covers all WMO scientific, technical and co-sponsored programmes. 
(b) that guidance from ICT-IOS-6 be sought to communicate this request to the Presidents of technical commissions.
RECOMMENDATION

Considering:

(i) Satellite communications for the delivery of surface reports is a significant factor for AWS in remote areas; and

(ii) that JCOMM already has a forum to agree on Tariffs with some satellite communications providers;

The expert team recommended that:

(a) ICT-IOS consider a strategy which would include a user base covering a wide range of applications to address system deficiencies, negotiate tariff and potential improvements of the rendered services with the operators of satellite data telecommunication systems;

(b) partner Organizations, such as FAO and IOC be included with the view to make a proposal at the CBS meeting in 2010. 
RECOMMENDATION

Considering:

(i) the potential benefit of integration between surface and space-based observations in support of WIGOS;

(ii) the expansion of AWS networks across the globe and hence of coverage of near-real-time surface observations;

The expert team recommended that:

(a) ET-AWS propose a pilot project on integration with or validation of satellite data with ET-SAT by means of enhanced AWSs data.
RECOMMENDATION

Considering:

(i) ET-AWS recommended that the Guidelines for a transition from manual to automated observations should be finalizing by the end of 2010;

(ii) that many countries are investing in increased number of automated or partly automated observing stations;

The expert team recommended that:

(a) a joint IMO and CBS technical report be published containing the guidelines for transitioning from manual to automated observations.
RECOMMENDATION

Considering:

(i) the importance of the Siting classification of surface observing stations;

(ii) that it was discussed by the ET-AWS-5 (May 2008) and by the CIMO ET-ST&MT (September 2008);

(iii) the WIGOS Pilot Project Ad-hoc Working Group on met in October 2009, to finalize draft guidelines on the Siting Classification
The expert team recommended that:

(a) the siting classification be included in the CIMO guide;

(b) guidelines would be needed for the implementation of this Classification in a form of a Technical report, templates and tables and dedicated training courses for network managers;

(c). the Siting Classification be promoted as a common WMO and ISO standard.

RECOMMENDATION

Considering:

(i) Rolling Review of Requirements (RRR) related databases as regards GCOS application area;

(ii) the definition of accuracy used by CBS ET-EGOS was different to that expressed in the CIMO guide;
The expert team recommended that:

(a) ET-AWS bring this issue to the attention of ET-EGOS through the ICT-IOS-6.
RECOMMENDATION

Considering:

(i) WMO Publication No.9 Volume A;

(ii) the capacity in BUFR to exchange messages with national station identifiers;
The expert team recommended that:

(a) that guidelines should be developed for Members on the use of National Station Identifiers and this task should be included in the ET-AWS Work Plan.

(b) WMO Publication No. 9, Volume A be adapted to include National Station Identifiers.
WORK PLAN 2010 - 2012

ET-AWS developed an updated Work Plan (2010-2012) for consideration by ICT-IOS-6.
_______

ANNEX X
UPDATED ET-AWS workplan for the period 2010 to 2012

	No.
	Task
	Deliverable/Activity
	Due
	Responsible
	Status
	Comment

	1
	To contribute to the development and implementation of concept of WIGOS and provide relevant advice and support to the chairperson of ICT-IOS
	Address relevant items of WIGOS Implementation Activities agreed by EC-WG/WIGOS-WIS-2
	ET-AWS-7 Mtg
	MONNIK, Karl
MERROUCHI Rabia
	On-going/
	Focus on the 3 areas of standardization

· Instruments and methods of observations

· WIS information exchange and discovery

· End-product quality assurance

	2
	Develop and maintain the requirements and specifications for automated observations networks in collaboration with ET-EGOS and application areas
	Monitor and update AWS Functional Specifications (FS) for all WMO-related Programmes
Update on request the list of basic set of variables to be reported by a standard AWS for multiple users
	ET-AWS-7
	MERROUCHI, Rabia
VAN DER MEULEN Jitze
	
	Refer to Annex III.1 of Guide on GOS

- Request review of relevant parts by other TCs, program areas

- Prepare final draft of FS for next meeting
Review Annex III.2 of Guide on GOS before ET-AWS-7 and propose updates if necessary

	3
	Develop the requirements and standards for a basic, robust AWS suitable for less developed, remote and extreme climate conditions, taking advantage of advances in technology
	Prepare recommendations for addressing challenges facing the operation of AWS Networks.

Report on advances in AWS technology

Review challenges, solutions and advances in liaison with HMEI
	ET-AWS-7
	NITU Rodica SEVAKULA Krishnaiah

ZHAO Zhiqiang


	
	Collect information and report on the challenges and solutions concerning the configuration, operation and maintenance of AWSs in remote and extreme climate conditions, and in terms of sub-system components based on experience of Members.

Monitor advances in AWS technology and networks and report in terms of sub-system components.

Request HMEI to review and advise of developments which can address the challenges facing member countries.

	4
	Develop requirements for the integration between AWS and space-based observations
	Identify list of AWS geophysical parameters suitable for validation or integration with satellite observations

Develop a proposal for a pilot inter-comparison


	ET-AWS-7
	MONNIK, Karl (VAN DER MEULEN Jitze)
	
	

	5
	Develop the requirements for automated observations to address the deficiencies of AWS following the migration from manual observations
	Collaborate with CIMO ET-ST&MT to publish guidelines and procedures to assist in the transition from manual to automatic surface observing stations

Prepare a gap analysis for automated observations following the transition from manual observations. Review with subject area specialists including JCOMM, CAgM, CHy, CCl and GCOS
	Dec. 2010

ET-AWS-7
	MOLYNEUX Mike

TUTEN, Ozden
	
	Include info on new sensor and measurement technologies which can contribute to reducing the gaps.

Identify the priority manual observations and justification for the priorities.

	7
	Develop AWS metadata catalogues for real-time exchange through WIS
	Prepare requirements for AWS metadata for WIS based on BUFR descriptors
Liaise with IPET-DRC to implement the metadata in BUFR tables 
	
	NITU, Rodica

CERVENA Eva

MONNIK Karl
	
	Focus on real-time delivery of metadata as listed in Annex III.3 of Guide on GOS (p.1-2)

	8
	Develop guidelines for the siting classification of surface observing stations
	In coordination with CIMO and other relevant TCs, finalize the guideline materials for Members
	
	LEROY, Michel
	Done
	Awaiting formal approval by CIMO

Once approved, training material for the siting classification will need to be developed.

	9
	Review BUFR descriptors related to AWS measurements according to requirements
	Review BUFR descriptors and propose new ones as needed.  Coordinate implementation with IPET-DRC of BUFR template for SYNOP/AWS reporting.

Validate BUFR templates for AWS data from n-minute period and for representation of nominal values.
	ET-AWS-7
	LEROY, Michel
CERVENA Eva
	
	

	10
	Monitor advances in AWS technology and develop guidance for integration into AWS networks
	Review progress and advances in AWS technologies
Develop guidance to deal with integration of third party AWS networks
	ET-AWS-7
	NITU, Rodica

SABATINI Francesco

ZHAO Zhiqiang
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