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REVIEW OF OTHER ACTIVITIES RELATED TO THE ET-EGOS AND OPAG-IOS
Activities related to the ET-AWS
(Submitted by Dr Igor Zahumensky, ET-AWS Chairperson, and the WMO Secretariat)
_________________________________________________________________________

Summary and Purpose of Document
This document contains outcomes of the Fifth Session of the Expert Team on the AWS related to the work of the ET-EGOS.
_________________________________________________________________________

ACTION PROPOSED
The Meeting is invited to take into consideration information provided in the document when discussing relevant agenda items.
____________
Appendices: 

(1) 
A Modern Strategic Approach on the Redesign of Synoptic Observational Networks
(2)
Advances in AWS Technology
Reference:

Final Report, CBS/OPAG-IOS ET-AWS-5 (Geneva, Switzerland, 5-9 May 2008), 
(http://www.wmo.int/pages/prog/www/OSY/Reports/ET-AWS-5_Geneva_2008.pdf)
____________
ACTIVITIES RELATED TO THE ET-AWS
Background
1. The Fifth Session of the CBS OPAG-IOS Expert Team on Requirements for Data from Automatic Weather Stations (ET-AWS-5) was held at the WMO Headquarters, Geneva, Switzerland, from 5 to 9 May 2008.
2. The ET-AWS considered the issues requested by the CBS-Ext.(06) (Seoul, Republic of Korea, 9-16 November 2006), and formulated several recommendations to the ICT-IOS.  The issues addressed items related to the Functional Specifications for Automatic Weather Stations, requirements for a robust AWS suitable particularly to remote location, calibration and ground truth of space-based observations, sensor specific requirements to improve the capability of the AWS to report meteorological parameters, optimization of observing networks, Guidelines for transition to automated observations, development of four AWS metadata catalogues, Guidelines for the Siting classification of Surface Observing Stations, list of the Basic set of variables to be reported by a standard AWS for multiple users, BUFR descriptors related to AWS metadata transmission, validation of the “merged” BUFR template for surface observations from one-hour period and for reporting SYNOP data in BUFR, Vision for the GOS in 2025, advances in AWS technology, and actions in the EGOS-IP related to AWS (Action G21).  The Final Report is available at: http://www.wmo.int/pages/prog/www/CBS-Reports/IOS-index.html.
3. Out of the issues addressed by the ET-AWS, the following are of relevance to the work of ET-EGOS.
A MODERN STRATEGIC APPROACH ON THE REDESIGN OF SYNOPTIC OBSERVATIONAL NETWORKS
4. The ET-AWS considered the differences between spatial-based data, obtained from remote-sensing instruments, such as radars and sensors on board of satellites, and data obtained from AWS networks.
5. It was noted that, typically, spatial-based data exist mainly of equidistant speckles representing averaged values of the area covered by the speckle.  The AWS network delivers point-based observations, while the AWSs are not equi-spatial distributed and the density varies from a region to region even on a small scale.  Moreover, each AWS has its own, local-based characteristics and representativity for the surrounding area which differs from station to station.  This representativity depends also on the type of weather (e.g., on the wind direction at coastal stations or the measure of instability of the atmosphere).
6. As a result, data from the AWS networks and satellite, or radar data, needs interpretation before further data integration.  It was explained that solving this issue is not trivial or cannot follow a straightforward procedure such as simple or linear interpolations.
7. Ideas were expressed, based on the assumption that a solution may be found based on characterization of the structure of the network.  If such a structure can be characterized by one or more parameters, it should be possible to implement intelligent algorithms to make AWS network datasets comparable to spatial or uniformly spaced-point datasets.
8. As a first approach, a rather simple technique was presented based on a statistical analysis of the mutual distances between all stations in the network, not only the neighbouring stations as it was done traditionally.  From a cumulative approach of these statistics, a median value can be obtained which can be used as a characteristic parameter having length (distance) as a useful unit.  Such statistical analysis will make it possible to consider local impacts (e.g., reduced representativity or morphological effects) by using weighting factors for specific stations of mutual distances.

9. This technique has already been applied for the selection of a fixed number of AWS for the design of a national network of synoptic AWS in the Netherlands.  Based on an iterative process, a set of AWSs with the lowest distance parameter was regarded as the optimal selection.
10. The ET-AWS recognized the potential of this technique for the selection of observing stations for any Regional Basic Synoptic / Climatologic Network (RBSN / RBCN) as part of a process of continuous optimalization of these networks or their integration.  The ET-AWS agreed on the need to further investigate the suitability of this technique (reproduced in Appendix I), by testing it on the existing RBSNs / RBCNs and to develop a technical guidance on network design and optimization.
The Vision for the GOS in 2025
11. The ET-AWS discussed in details the Vision for the GOS in 2025.  It considered the revision of the draft Vision for the GOS in 2025 which was provided by Dr John Eyre, Chairperson of the ET-EGOS in March 2008.  In doing so, many different aspects were taken into account, such as the development of requirements for data and observations by different WMO Programmes, various applications and users on one hand and science and technology developments on the other hand.
12. As the ET-AWS is focused specifically on the surface-based subsystem, parts 2 and 4.1 of the draft Vision dealing with the space-based component where omitted from the revision.  
In doing so, the following thoughts were taken into account when considering the draft Vision for the GOS in 2025:
(a) The Vision is seen as a balance between requirements for data and observations by different WMO Programmes, various applications and users on one hand and science and technology developments on the other hand.

(b) Regarding the requirements for data and observation, it should be considered that:

· Observational needs for future models that will be used for different time-range forecasts;

· Deficiencies of today’s models that show that current observations are not sufficient for most mesoscale applications; and,
· Critical atmospheric observations that are not adequately met by current and planned observing systems but are required for more accurate and timely Earth monitoring and decision-making.
(c) Regarding the observing technologies and techniques, it should be considered that:

· Better understanding of the processes that govern weather requires advances in sensors and observing networks;

· All observational data should be traceable to international standards;

· Instruments should be interoperable as far as possible; and,
· Integrated observing systems may overcome gaps in existing observations.
(d) The availability of test-beds for a successful transition from R&D to operations may be a critical aspect.
13. The proposal was presented as a new revision of a draft Vision to the ET-EGOS Chairperson for his consideration in preparing a revised version to the ET-EGOS-4.  The ET-AWS proposal included suggestions from other Technical Commissions, namely CAS, CHy, and JCOMM.
ADVANCES IN AWS TECHNOLOGY
14. The ET-AWS prepared a list of advances in AWS technology (as well as limitations), as reproduced in Appendix II.  The main advances concern telecommunications and ability of internal diagnostics to optimize the maintenance.  There has been less progress in the area of sensor development.
15. The ET-AWS stressed the fact that decreasing the cost of an AWS makes 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 important to remember this aspect to avoid wasting investments because of a deficiency in network management, maintenance, calibration and training.
16. The ET-AWS agreed that there is a need for continuous monitoring regarding advances of AWS technology for timely and comprehensive advice to its Members.
IMPLEMENTATION PLAN FOR EVOLUTION OF SPACE AND SURFACE-BASED SUB-SYSTEMS OF THE GOS (EGOS-IP)
17. The ET-AWS considered new actions of the EGOS-IP related to AWS (G21).  The action, “Advances in AWS technology” was addressed under dedicated agenda item (see above).  The action, “The evolution of the AWS network” had been addressed under various agenda items, especially: 
(a)
Requirements for a robust AWS suitable particularly to remote location; 
(b)
Improvement of the capability of AWS to report meteorological parameters; 
(c)
Optimization of observing networks;

(d)
Guidelines for transition to automated observations; and 
(e)
Guidelines for the Siting classification of Surface Observing Stations.

____________
A MODERN STRATEGIC APPROACH ON THE REDESIGN 
OF SYNOPTIC OBSERVATIONAL NETWORKS

(Excerpt, Jitze van der Meulen, KNMI, 2005, 

A modern strategic approach on the redesign of synoptical observations networks 28)



Today computer simulation models describe the actual physical state of the atmosphere in all of its dynamics.  The introduction of new, sophisticated observation technologies using these models has demonstrated high potential.  This development is characterized by alternative technologies like active and passive remote-sensing, from satellites or from the earth's surface.  Moreover, the conventional instrument measurements and weather observations are fully automated using sophisticated optoelectronic sensor technologies, providing observational data in a digital format essential for input in computerized systems running dedicated applications.



Replacing human observations by automatic measurements has impact on the performance of the observing system on the whole.  In fact, the advantages of uniform, fully automated and unattended observing networks prevail over the traditional situation provided that such a network is designed appropriately.  There is not only advantage of more uniform observations without any subjectivity caused by human interpretation.  Also data acquisition and dissemination is performed on a continuous and real-time base.  As a result, the forecasted timing of upcoming (severe) weather phenomena is more accurate.  Also rapid trends and changes in weather are registered and reported on line providing a more efficient weather information service.
Another advantage is the flexibility in appointing suitable locations for weather stations.  For more than a century, such stations were chosen at sea shore locations, harbours, airfields, nearby buildings, etc.  As a consequence, poor and inadequate siting often resulted in low representativeness with regard to the surrounded area and distribution of these stations over the region of interest was not very homogeneous.  Defining a new set of automatic weather stations for a synoptic network has become much easier and siting criteria are better met.

New functional design of a synoptic network

Nevertheless, the question of the density requirement itself has to be solved in the first place.  In fact, such density depends on the regional climate and all various meteorological variables require their own density.  Typically, precipitation and wind require high density, while the density of a network of barometers may be quite low.  Such density can be estimated in a simple way, based on the prevailing wind or typical transport speeds of weather phenomena.  A more sophisticated approach is based on statistical calculations of the covariance of the variable measured at the various locations assuming a sufficiently high correlation between these autonomous measurements.  It is common experience that in practice the simple straightforward approach is sufficient.  However, the latter approach, suggested in the leading WMO Guide on the Global Observing System, and its background reference “The Planning of Meteorological Station Networks” will result in inconsistencies, trivialities and undefined solutions and is therefore not suitable.  Therefore, in the Netherlands, the stated appropriate network density is based on prevailing wind speeds in combination with movement of fog and low-level clouds (about 25 km / h) and incoming fronts with showers with thunderstorms (about 50 km / h).  Taking advantage of the real-time functionality of the network, a spacing of about 50 km is found to be sufficient.  Only for wind measurements a shorter distance is required (about 25 km) to meet the recommended correlation coefficient of 0.90 for two neighbouring stations.  By placing some extra wind masts, this requirement can be met in general.  A network of precipitation measurements to measure daily amounts requires a small spacing of 15 km.  This extreme requirement can only be met by using the additional separate, autonomous network of volunteering observers because a network with automatic gauges cannot be funded.  Moreover, the introduction of new precipitation radar systems will provide more redundancy.  This solution has a great benefit because the high refreshment rate of radar systems provides an optimal real-time data source, extremely useful for synoptic practices.

Optimizing the meteorological station network

For an optimal network design the required level of homogeneity is the first constraint to be considered.  Other relevant constraints are appropriate siting and representativity issues.  
A measure for the level of optimizing a network should be expressed best by a simple, well-defined single parameter.  For a first order, approximation such a parameter is chosen based on a statistical analysis of the distance between every position in the Netherlands and its nearby station.  This parameter represents, for instance, the percentage of all locations on a distance larger than a certain distance from any station.  It is found that with the new network design for the stations on land the 95% cumulative level will be between 35 and 40 km.  In the previous situation, with 20 land stations, this distance was within 40 and 45 km.  For the new network design, 99.9% of all positions on land are at a distance smaller than 50 km from a nearby station, fulfilling the requirement and providing sufficient redundancy.  Over sea, this requirement cannot be fulfilled due to the lack of suitable off shore locations (oil platforms), but a spacing of about 100 km should be acceptable for all practices.

Other statistical techniques used for network design analysis are based on the mutual distances between all stations or between neighbouring stations only (e.g., sets of triangles of three neighbours).  The latter technique is a common practice used to demonstrate the level of representativeness or the uncertainty of a derived interpolated variable valid for a location within such a triangle.  However, for an overall impression of the homogeneity of a network, a statistical analysis of all mutual distances of the stations can be carried out.  Optimizing the normalized (cumulative) distribution of these sets of distances is then the first target (distribution are normalized by dividing the number by the distance).
____________

ADVANCES IN AWS TECHNOLOGY

Telecommunication

· More and more, telecommunication providers are becoming available: GSM, GPRS, WIMAX, satellite communication (Inmarsat, Iridium, etc.).  A technical solution always exists to transmit information.

· Some telecommunication methods allow frequent transmission of data: at least hourly and sometimes every 5 or 10 minutes, or even 1 minute.  The transmission period can be switched to more or less frequent transmission to optimize the cost of the transmission.

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

· Technical diagnostics can be done remotely, thus minimizing the maintenance costs.

Data acquisition

· Due to advances in electronics, the calibration of the acquisition part of an AWS is no longer a problem, with a very high stability and integrated control procedures.

· Storage is cheap and provides security in case of transmission problems (useful mainly for climatology).

· Internal algorithms of data combination allow detection of malfunctions, to validate or invalidate a sensor output, to expand the data set with additional calculated parameters.

· AWS for marine measurements are available and operational.
Sensors

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

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

But,
· Advances in new sensors are slow.  Efforts of many NMSs to develop new sensors have been reduced due to budget restrictions.

· With the rapid progress in technology, there is a reduction in the lifetime of commercial products.

· New sophisticated sensors for reporting “visual observations” or for observations in harsh conditions (cold, icing) request significant power supply, incompatible with an autonomous solar panel system.  Therefore, the infrastructure costs may be very high.

Quality of measurements

· Observations from modern sensors and AWS have greater consistency and repeatability, without the subjectivity which may exists with human observation.

· AWS helps in standardization.

Infrastructure and siting

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

· An AWS offers greater flexibility for the choice of its site, as it is does not require the infrastructure needed by a human observer.


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

Network

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

Cost

· The cost of an AWS is small compared to the cost of a whole network.  So, adding an additional AWS to an existing AWS network can be cheap.

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

____________
