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ABSTRACT

A new automatic surface observational system is being implemented in Brazil.  A more comprehensive approach (instead of just implementing automatic weather stations) includes planning for all components of the observational system, from the observational platforms (AWS) to satellite communication in real-time, to round the clock monitoring of the system performance, to maintenance teams, to spare parts, to a data base, to free and open deliverance of data in real-time in the internet to all possible uses and users. 

With different difficult areas to be monitored (from less populated areas such as the Amazon to flooding areas), Brazil offers a challenge to properly plan and implement such an observational system. Careful consideration was taken in technical specification of the equipment and sensors and international bidding in cooperation with the WMO and carefully training11 teams of technicians to install and maintain the network of stations.  Specially equipped trucks (with satellite communications) do the job.  In other areas in the Amazon jungle there is a need for using boats to reach the station sites.  

The choice of locations to install the stations require a minimum guarantee against vandalism and good partnering institutions for the maintenance and securing physical safety of the installations.  In this context, special agreements were made with the Brazilian military institutions (Army, Navy and the Air Force), as well as with other key governmental and private organizations. 

Acquisition of 500 AWS was done via an international bidding by the WMO which selected the Vaisala Oy as the provider of the equipment.  Prior to this, in 2000 there was a cooperation with the Finish Meteorological Institute - FMI for placing about 70 AWS in some areas of the country on a pilot project phase. Up to now, about 450 AWS are in place and soon is envisaged that all (500) AWS are installed in running. See www.inmet.gov.br/sonabra/maps/automaticas.php.

The network basically covers a grid on a synoptic scale of about 01O lat x 01o lon and provides data for numerical weather prediction in Brazil and in support of several applications ranging from agriculture to water resources to civil defense.

A center for integration of meteorological information and control of the network and its maintenance was established which functions 24 h x 7 days to provide a clear view of the functionality of all the components - ranging from sensors, to solar panels, to communications, and so on- of each station.  Malfunctions of AWS or special attention to sensors that seem un-calibrated are immediately brought to the attention of a National Network Maintenance Team (Gerência Nacional da Rede) to properly plan maintenance visiting team actions.

Implementing this automatic system does not imply in closing the over 300 conventional, manually operated surface stations in Brazil. Many of the new AWS are co-located with the existing conventional sites, but in its majority there are new sites being covered.

On going collaboration of Brazil with the NMHSs of Argentina, Paraguay and Uruguay, in the context of a WMO/VCP, will make it possible the enhancement of the network on a pilot basis with some stations placed in selected areas and INMET providing all possible technical assistance to these NMHSs.

1.
Overview of the Demands for an Automatic Operational Atmospheric Observing System

National Meteorological and Hydrological Services (NMHSs) have implemented their national surface hydro-meteorological network according to internationally agreed standards and mutually exchange data with neighboring countries and regional/international institutions to increase the data coverage with the view to provide more accurate predictions and extend the limits of applications.

In the past, before of the advance of telecommunication, data processing, powerful computers, and so on, the observational networks were quite sparse and manually operated. Nowadays, much more data are in demand to generate detailed and specialized products to users.

Each country sets its network according to its stage of development and resources (human, technical and financial) to best fit its socio-economic needs and to provide data for operations and scientific research. 

In Brazil, due to its territorial extension, it was decided to establish a network of automatic weather stations (AWS) to cover a synoptic scale, reporting data in real time every hour. The country´s total area (8.5 million Km2)  can fit about 700 slots of a 1-degree by 1-degree (110 km2). Considering the difficulty of access and maintenance of stations in area such as the Amazon Forest in the north of the country, large swamp area in the west and some local Indian reserves, we found that 500 AWS can provide a very good coverage of the Brazilian territory with an automatic surface observation weather network.
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Fig. 1 – Map of Brazil with an overlay of a 1-lat x 1-lon grid with about 700 slots

This network was designed to basically serve at least the following demand for daily data:

a) Weather Forecast

b) Agriculture

c) Water resources

d) Civil Defense

e) Scientific research

1. System’s Approach

Instead of just thinking of a network as a collection of AWS, we have considered a more comprehensive approach due to the operational characteristic of the project by taking all the elements and needed sub-systems into consideration for the implementation and maintenance of an operational network such as:

1.1. Automatic Weather Station (AWS) and its sensors

The AWS was configured to observe and to register Air Temperature, Dew Point, Pressure, Relative Humidity, Wind Speed, Wind Direction, Precipitation, Solar Radiation. It also reports the status of its battery and in-case ambiance. It reports the maximum, minimum and instantaneous values every hour.

1.2. Installation criteria

A major problem with AWS is the growing “phenomenon” called vandalism and theft worldwide. To totally (or at least partially) overcome this difficulty, INMET looked for partnering institutions that could provide security for the installations and share maintenance cost of the site. The start of installation gave priority to agricultural sites, starting from the south of the country – where agriculture is stronger- towards the northwest and center of the country to support applications in minimizing risks of severe weather and climate conditions on agriculture. 

In all partnering cases, INMET provides all equipment, their installation, operation, and maintenance and pay for the satellite (or cell phone) communication. 

1.3. Communication

Considering the territorial extension, a geo-synchronous satellite communication system was selected to provide the real time data collection for remote sites. This type of communication is expensive. For those sites next to centers where reliable cell phone operators had communications facilities, it was possible to reduce the cost of communication by using this type of technology.

Taking into account that the communication system provides a two conversation, we are now studying modifications on the AWS firmware to allow for more control on the data logger. This will give us the ability to change the setup remotely.

1.4. Data reception

All data are received by a central hub for both (satellite or cell phone) type of communication. They are collected automatically through a dedicated link and stored on a data bank. Immediately as the data are stored, a process is initiated to distribute them to all users, including to a historical data bank at INMET Headquarters.
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Fig. 2 – Real time data transmission via geo-synchronous satellite (or cell phone) 

and central hub reception in Brasilia.

1.5. Real time quality control

To avoid dissemination of ´suspicious´ raw data directly to users, a first quality control is performed in order to provide information about the automatic weather sensors and components. This procedure sets aside data which are out of range and flags them for further inspection and validation.  With this procedure one can better assure quality of the variables being measured and disseminated. Off line all data are checked before being put of the permanent historical data bank. 

1.6. Control Center and situation room

A Situation Room operating on a 7x24 basis has the capability to monitor all the network of AWS as well as computer servers (of the communication network of partners) and to generate alerts and warnings to the operators who can decide on actions to take such as, call the manager, initiate a maintenance sequence, report an incident, and so on. 

This is an important element feature of the system because it helps the operators to monitor what is going on act case by case on a round-the-clock basis.
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Fig. 3 – Examples of alerts shown in the control center panels. Three stations (A317, A416, A710) and server 192.168.168.131 are displayed with problems. 

1.7. Data dissemination

All collected data are immediately sent to a data bank and to some special users and are openly published, free of charge to all users in real time on the internet. There is an automatic process embedded in our automatic Message Switching Software (MSS) which takes all the data from a local data bank, generates BUFR messages and ingest them into the GTS.

1.8. Data Bank

The data bank reads in all messages received, process every information and returns codes according to results found. In case of failures of a specific sensor, alert is generated on the panels of the control center and the operator can act according to the procedures.

1.9. Maintenance teams

In order to keep the networking running, 11 (eleven) maintenance teams, consisting of 3 technicians each were trained and located regionally to provide all necessary support to the nearby stations. Each the team  is equipped with a special truck with satellite communication and monitored through its GPS antenna.

1.10. National Network Management Team 

To take control on what is going on with all teams, the network itself and all other aspects of the operation, a national network management team was established at INMET´s Headquarter in Brasilia. 

2. Current status of the system

At the end of August 2008 (the time in which this report was written), 415 stations where installed and about 30 of them showed some type of problem. This means about 7% of failure of the network. Of all AWS, a total of 97% of the stations transmit their data before 5 minutes past the hour. This delay is mainly related to the internal clock in the automatic weather station. Those stations which uses satellite communications can synchronize its internal clock with the GPS antenna, but this routine has not yet been well implemented in those AWS which communicate via cell phones.

3. International or Regional Collaboration in South America

The relative success in the implementation of this network of AWS provides a good opportunity for cooperation with NMHSs in the WMO Region III.  Pilot projects consisting of 4 (four) AWS  have been discussed and agreed with the neighboring countries of Argentina, Paraguay and Uruguay to extend this network to the benefit of all involved. In this context, Brazil could provide for the AWS, train the technical teams for each NMHS and maintain the established communication links. When this becomes operational, a better data coverage will be established to monitor and predict extreme weather events in the southern South America, a cooperative project underway with the support of WMO and the National Institute of Meteorology of Spain. 

4. Concluding remarks

The relative success of this project, compared with some previous attempts in placing AWS networks in many South America places, is due to an early planning of the network in a totally integrated fashion with a central operation, the maintenance teams working together with a national manager. Investments in spare parts, vehicles, communication, software development and training were definitely a key to the present  The support provided by WMO via a cooperative project with Brazil was crucial for this success. 
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