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________________________________________________________________
Summary and Purpose of Document
This document provides information on advances in AWS technology following up the task assigned in the last ET-AWS session 6 (2010)

________________________________________________________________

ACTION PROPOSED
This meeting is invited to evaluate (take into account) this information when discussing individual agenda items.
__________________

ADVANCES IN AWS TECHNOLOGY

Introduction

This document is following up on activities of ET-AWS 7, particularly the Item n. 10 of the work plan [1] which was developed in the weeks after the last meeting of ET-AWS 6. 
The ET-AWS session 5 (2008) as well as the ET-AWS 6 (2010) recognized a list of advances and limitations in AWS technology. The main advances relate to telemetry options, despite a lot of constraints still derives from accessibility and high costs of telecommunications, on the ability of implementing internal diagnostic for the early detection of failures of data acquisition systems. There are some progresses in the area of sensor development, especially on precipitation gauges and soil moisture sensors.
This document wish also bring to the attention of the team the possible development of AWS networks for the near future in conjunction with other thematic like GIS and Web Sensor Enablement (WSE) approach. 

In the last session the aspect of the decreasing cost of an AWS was evaluated, since this makes such systems more attractive and available for a lot of organizations but it was also recognized that the initial cost of AWS stations remains a small component of the whole-of-life costs of a well maintained network (R. Nitu, ET-AWS 6, 2010 - Item 11 [2]). This aspects is often not properly evaluated despite its importance in order to avoid poor investments because subsequent lack in network management.


This subject is strongly related to the networks that many Developing Countries are going to establish for several applications such as Hydrology, Agrometeorology, Climatology (update of old weather stations). Normally these activities are promoted within international Projects characterised by short time investments (2-5 years), that are normally not sufficient to develop the conditions for a correct AWS network management.

For the future work plan is here proposed to continue monitoring advances on both sensors, AWS technology and telemetry options, in order to promote the discussion around this important point.

1. Review of progress and advances in AWS technologies

1.1 Platform:

· The manufactures offer a series of surface AWS configurations that normally fulfill a wide range of applications: hydrology, climatology, agriculture, roads control, marine meteorology 
· Advances in technology nowadays mainly aims in developing compact systems characterized by a high flexibility of managing several types of telemetry options (radio, satellite, GSM, GPRS, LAN). Sometime this comes together with the decrease of costs of sensors and data loggers, but in general of the AWS as a whole, because also the optimization of power supply brings for example to the reduction of batteries and solar panel dimensioning.


The requests oriented towards compact AWS, often realized with low cost sensors, has stimulated in the last years the interest of traditional manufactures that are now offering similar systems composed of accurate sensors and robust data loggers.

1.2 Telecommunication

· First of all it should be remarked the great efforts that WMO-CBS and Etienne Charpentier of WMO-JCOMM are doing in order to establish an International Forum of Users of Satellite Data Telecommunication Systems together with IOC and FAO partner international organizations, confirmed in the WMO Sixteenth Congress (Cg-XVI, Geneva, Switzerland, 16 May – 3 June 2011) [3]. As Mr. Etienne Charpentier reported “The idea is to build a strong user group co-sponsored by three international organizations (WMO, IOC, and FAO) to share information on the use and performances of satellite data telecommunication systems for the collection of environment observational data, and to negotiate with the satellite operators on systems requirements and developments, and telecommunication costs”. A preparatory workshop in Toulouse, France, 23-24 April 2012 has been planned to bring forward these topics.
· Rodica Nitu discussing compact AWS’s in her document noted the “...ability to integrate and display data from multiple sources, in real time and near real time, primarily through the internet”. This aspect could be strongly connected to the approach of Open Geospatial Consortium, Inc. (OGC) particularly for Sensors Web Enablement (SWE), reported later on paragraph 2.2
· Cost of data communication is decreasing because we can also exploit the capacity to send Short Messages even by satellite, like Short Message Service (SMS) offered by GSM network. Iridium and Inmarsat
 satellite providers for example can offer this option (i.e. SBD, Short Burst Data, IsatM2M by Inmarsat).
· The past few years has seen the development of mobile satellite broadband services.  These services allow real-time two-way communication of meteorological data from remote locations with low power usage. An example is the BGAN® satellite which for ongoing data costs are approximately USD 7/Mb plus USD 50/Month of line rental (From: satellite-systems-buyers.pdf, notes prepared by Michael Prior-Jones, British Antarctic Survey, 2010). Power usage is 4W (idle) and 22W (transmit).
1.3 Power

· Poor dimensioning of power supply is still one of the first causes of lack of data or observations failures. Even though modern systems can be powered by small batteries and solar panels, some configuration require high amount of energy, i.e. heated versions of raingauges and anemometers, disdrometers, present weather devices, etc.
· Since telemetry devices normally drain a high amount of current especially during data transmission, we can suggest to allocate a separate power supply for main data acquisition unit with respect data transmission device. The possibility to switch On/Off the data transmission device or to put in quiescent mode the modem between data transmissions allows power saving for prolonged operations
1.4 Data acquisition

· The requirements for new data loggers mainly relate to high flexibility of signal input type: analogue, digital, serial RS232, serial SDI-12. Serial inputs allows data acquisition of multiple devices that normally lead also to lowering power requirements (i.e. Bidimensional Gill Windsonic Anemometer drains 40mA in analogue mode whilst it drains 15-20 mA in serial output mode).
· Wireless technology is more and more exploited to build up dense sensors network based on small data logger with specific radio interfaces (433 MHz, 868 MHz, ZigBee 2.4 GHz). A lot of applications relates to Precision Agriculture, Hydrology, Monitoring systems for renewable energy.
· Some examples are ARDUINO, ARM, CROSSBOW. These systems are based on low power microprocessors and a number of options are now available. The Arduino module UNO R3 for example (http://www.arduino.cc/) can be exploited for data acquisition. Low cost Solar cell, solar charger plus GSM/GPRS, wireless modules can be implemented to build up a complete system at very reduced price (within USD 300.00).
· Advantages: cost-effective, open-source application, several devices available

· Disadvantages: systems still based on low resolution ADC (10 bits) but 12 bits versions are about to be developed. Handling open-source code requires skinless in IT, not always available.
1.5 Sensors

· Serial output and internal pre-processing operations lets many devices to send the observation plus some other information, such as model, serial number, internal diagnostics. This helps management of these sensors but sometime what we obtain could not be defined “raw” data and full description of the algorithm implemented by the manufacturers is mandatory.

· It should be remarked here the activities of the International Organizing Committee For The Wmo Solid Precipitation Intercomparison Experiment (WMO IOC-SPICE [4]) coordinated by Rodica Nitu (Canada) and Roy Rasmussen (USA). The Intercomparison will focus on the performance of modern automated sensors measuring solid precipitation during the period of the year when the precipitation is expected to be solid. As a first priority, the WMO-SPICE will investigate and report on the measurement of precipitation amount as a function of precipitation phase, and of snow on the ground (snow depth). As a lower priority, it will investigate the measurement and reporting of solid and mixed precipitation intensity. The experiment is expected to formally commence in 2012, and to extend over two winter seasons, and will be conducted on sites in the Northern and the Southern Hemispheres. In this context it will be of interest the possibility to test the performances of different types of precipitations gauges, disdrometers, present weather and snow depth sensors. New models of weighing precipitation gauges has been developed in last years and this measuring principle is now widely accepted as the reference method even if the aspect of shielding is of primary interest for a correct observations. Another aspect relates to the heating versions of precipitation gauges, where the importance of the standardization of the heating algorithm should be addressed to the users.
· New models of soil moisture sensors offers affordable and good quality measurements of soil water content, soil temperature and bulk electrical conductivity (EC), in a compact and field-robust probe. By combining these observations into a single sensor, it allows for more data logger ports to be used for additional environmental measurements. Volumetric water content is obtained by measuring the dielectric constant (εa) of the media through the utilization of capacitance/frequency domain technology while EC is obtained using stainless prongs. 

1.6 Quality of measurements

· Digital equipment allows repeatable observations with an high degree of interchangeability between sensors .

· In last years we often witnessed a decreased cost of electronic sensors, even of good accuracy, while recalibration operations remains still expensive (expert personnel, maintenance of standards, controlled chambers, etc). Organizations which do not own specialized laboratories may found more reasonable to periodically change that sensors that can easily drift (i.e Relative Humidity), by returning the old one to the manufacturer.
· Historical metadata records which record information on the site, equipment, maintenance, exposure and reporting program are necessary for providing the user with supporting information concerning the measurments.
1.7 Infrastructure, siting, maintenance

· Compact AWS’s require lighter infrastructures (i.e. waterproof boxes, supports) because of a series of advantages like:

· Smaller solar panels and batteries

· Smaller sensors made of UV resistant plastic or aluminum 

· Reduced dimension of data acquisition system and modems

· Simpler installation for specific studies where small equipment are preferred (i.e. precise agriculture, urban meteorology, green areas management)

Whatever the model, the capability of self diagnostics and robustness of installation an AWS cannot be left unattended more than one year. Normally this frequency must increase depending on sensors type and configuration.
· Capability to manage procurement, repair, fault-finding, and replacement of system components is required for any system which is expected to outlast the 3-4 years of a new installation.
1.8 Network

· Nowadays we have areas characterised by dense network(s) of AWS’s whilst several remote areas are not properly covered. As above mentioned there are projects that aims to reduce this gap even if economic and training constraints often limits their real efficiency.
· Some Developing Countries still have lack of affordable meteorological and hydrological observation’s (i.e. Nepal, Afghanistan, Somalia). 
· World Bank (WB), Food and Agriculture Organization (F.A.O.), Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ) GmbH are promoting several projects to reinforce network density together with training activities addressed to local personnel
· More efforts should aim to the integration in Geographical Information Systems (GIS) of meteorological observations towards refined techniques of data spatialization
· For precipitations observations the radar devices could improve the capability of data  spatialization
· Network of different quality are often present on the same areas: in this case the appointed Services (NMH’s, Regional Meteorological Centres) should offer their capability to downscale observations made at more accurate and complex AWS’s to compare the observation which comes from third party networks often composed of simpler equipment.
1.9 Cost

· This is still a focus point especially for AWS’s management. Whatever the initial cost of the equipment, routine inspections must be carefully scheduled.

· If remote data transmission is active a first quality check could be implemented but it cannot replaces local inspections, even if the specific configuration of the AWS may lead to reduce the frequency of interventions .

· Investment on Information Technology (IT) personnel and specialists in electronics suggest to allocate sufficient founds to properly manage modern AWS’s networks

· As reported in data transmission paragraph the running cost are still high, despite that it could be reduced by accessing alternative services like SMS, Burst Messages, etc.

2. Develop guidance to deal with integration of third party AWS networks
Foreword
Rodica Nitu reported in her document that: “AWS’s shortcomings identified included data losses; inhomogeneity (…) management and maintenance problems; data spikes; rainfall accuracy problems; and loss of visual observations, vandalism affecting AWS”. 

The first sources of guidance remain those listed in that document but we can try to develop a set of steps when the need to integrate observations coming from different networks is required, particularly from third party AWS’s networks.

On the other side the growing availability of observations combined to the growing number of users of social networks and smart phone devices, suggest to the scientific community new developments and applications.
Sensors intercomparison campaigns could be one of the tools that we can set even if it is not easy to organize test sites, collect several sensors from manufactures, managing the entire process.
2.1 Suggested Guideline for the integration of observations

In this context I tried to fix some comments/proposals that came to me so I thought I would jot them down. They may be evaluated more in terms of good practices than of a proper guidance and would offer points of discussion among the team. 

1) Define a minimum set of information (range, reported accuracy, height of sensors, metadata, etc.) and procedures (regular inspections, maintenance, etc.) required to integrate observations 

2) Collect as many information as possible about the configuration of the third party network, such as: technical features, calibration sheets, manuals, algorithms employed, shields (i.e. for air Temperature and Humidity), in order to define the limits within which the observations of such AWS’s can be roughly collocated.
3) Check and report suggested corrections to third party AWS’s networks configuration, if  deficiencies which may limit the use of those observations are highlighted.

4) Test sites / compounds for intercomparisons should be set in order to evaluate the performances of such systems against well proved AWS’s already in use, in different weather conditions for several years
5) The degree of the integration of observations is different for each variable. For example temperature sensors are generally quite robust even if they belong to low-cost systems, while relative humidity sensors are intrinsically more fragile; in this case a large source of errors comes from not well designed shields. Wind speed sensors made of poor mechanics parts tend to have bad performances especially at low wind speed intensity. 
6) When we use cost-effective AWS’s the general approach is to replace damaged sensors instead of opening a repair procedure. Normally the interchangeability of these sensors is not well defined, even if digital sensors nowadays offer more guarantees. In this case we can try to set the limits within they can be accepted. 
7) Online observations allows early detection of failures or suspect values and should be preferred for receiving data from third party networks.

2.2 OGC's Sensor Web Enablement (SWE) Initiative
The Open Geospatial Consortium (OGC) is an international industry consortium of several companies, government agencies (i.e. WMO, ISO) and universities participating in a consensus process to develop publicly available interface standards. OGC® Standards support interoperable solutions that "geo-enable" the Web, wireless and location-based services and mainstream IT. The standards empower technology developers to make complex spatial information and services accessible and useful with all kinds of applications. 

There are now a lot of online sensors and the number is growing rapidly. Standardization is the first requirement for handling observations and information about sensors (Metadata) for comparing and combining information from different sensors. The OGC's Sensor Web Enablement (SWE) standards [5] meet this requirement and provide open source platforms for a series of applications. Sensor spatial location is usually a key piece of sensor or sensor data information, as well as other related information (Manufacturer, Model Type, data of installation) and SWE standards make it easy to integrate this information into geospatial applications that implement the OGC's other standards. 
Some examples of this approach are:
· An open geospatial consortium standards-based arctic climatology sensor network prototype The Arctic Climatology Sensor Network Prototype is accessible at: OpenSensorMap.com
· OSIRIS Project (Open architecture for Smart and Interoperable networks In Risk management based on In-situ Sensors), accessible at: http://www.osiris-fp6.eu/
2.3 The WMO - OGC's Memorandum Of Understanding

WMO signed in 2009 a Memorandum Of Understanding (MOU) with the Open Geospatial Consortium, Inc. (OGC) [6]
This agreement has been promoted in order to “enhance the development and use of geospatial standards. It is anticipated that this collaboration will support the implementation of the WMO Information System which aims at providing a single coordinated global infrastructure for the collection and sharing of information in support of all WMO and related international programmes.

The MoU formalizes the partners’ planned collaboration in the development, application, and promotion of standards and best practices for the content and exchange of meteorological, climatological and hydrological data for the benefit of the worldwide scientific and operational communities of meteorologists and hydrologists”.


The WMO Secretariat appointed the Inter-Programme Expert Team on Metadata and Data Interoperability (IPET-MDI), to “develop a WMO core profile of the ISO 191xx series of standards for metadata and data, encompassing the WMO Metadata core profile of the ISO metadata standard, including relevant ISO 191xx feature catalogues, application schema(ta) and data product specification(s)” [7]

One of the main tasks reported by this ET is to create sustainable data and metadata standards that meet the needs of WMO’s stakeholder community. This should means that the standards need to be: as simple as possible, based around standards already in use, supported by education and best practice guidance and with clear governance measures in place.

This approach should facilitates the free and unrestricted exchange of data and information, products and services in real- or near-real time
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4. List of Acronyms
Table 1. List of Acronyms

	Term
	Meaning

	AWS
	Automatic Weather Station

	CNR - IBIMET
	Italian National Research Council - Institute of Biometeorology

	FAO
	Food and Agriculture Organization

	GIS
	Geographical Information System

	GPRS
	General Packet Radio Service

	GSM
	Global System for Mobile Communications

	GTZ
	Deutsche Gesellschaft für Technische Zusammenarbeit

	IPET-MDI
	WMO Inter-Programme Expert Team on Metadata and Data Interoperability

	ISO
	International Organization for Standardization

	LAN
	Local Area Network

	OGC
	Open Geospatial Consortium, Inc

	OSIRIS
	Open architecture for Smart and Interoperable networks In Risk management based on In-situ Sensors

	SPICE
	Wmo Solid Precipitation Intercomparison Experiment

	SWE
	Sensor Web Enablement

	WB
	World Bank
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