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Abstract

The Japan Meteorological Agency developed a new type of buoy, and initiated operational observations in adjacent seas of Japan using the buoys on May 2000.   The buoy measures air pressure, sea surface temperature and significant wave height and period.   Observed data are transmitted to the JMA via ORBCOMM satellites three hourly.   In case of wave height is higher than preset threshold, it changes hourly basis observation.   It also allows us to send some commands to buoys such as “change the threshold to xx meters” or “continue one hourly observations”.   The JMA encodes the data to WMO code (FM-18 BUOY), then places them onto GTS network  immediately.   No data were missing since the beginning of the operation (for about 1,900 reports in four months), while most data were received within ten minutes after the observation.

Introduction  -- background --

The Japan Meteorological Agency has been operating 10m discus moored buoys since 1973, under the framework of World Weather Watch promoted by the World Meteorological Organization.   Their mission is to monitor severe weather conditions for prevention of meteorological disasters.   Recently, it became harder to maintain the buoys, as they grew old.   On the other hand, other technologies have been developed, such as satellite observations, computer models/analyses and so on.

Then the JMA decided to replace the buoys with new type ones.

Requirements and limitations

The JMA’s former 10m buoys made observations every three hours for 11 meteorological/oceanographic elements (variables).

· The mission (prevention of disasters) is not changed.

· It is requested at least to observe wave height.

· Real time telecommunication is essential.

· Costs must be cut down sharply.

So it is impossible to construct a large buoy, or to charter any work ships.   Only JMA research vessels should be used for the operation.

Then we designed the new buoy as a drifting type.

Basic design
The main features are as follows,

· Maintenance free.

· Once deployed, the buoy will not be recovered.

· Small size and light weight for easy deployment.

· So as to require neither special equipment nor skills to deploy.
· Long lifetime enough to survive through the period drifting around within the target area.

· That is estimated at about three months.

· The battery is Li/MnO2 cells (ULTRALIFE BATTERIES INC. UK). 

· Eco-friendly (environmentally friendly) materials.

· The hull is made of metal (aluminum alloy) instead of plastic. It will dissolve in water.

· Limited variables.

· Air pressure, sea surface temperature and waves (significant wave height and period).

· Hull shape.

· Designed to fit onto sea surface as always as possible for wave observation. 
The cost which required to manufacture the first lot was about US$28,000 for each buoy.
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Sensors and measurements
· Air pressure;

· The buoy has a barometer port on the top plane. It looks like that of standard SVP-B’s, but more simple. A micro-filter (GORE-TEX) inside the port prevents water entering.

· The sensor is a silicon capacitive absolute pressure sensor (VAISALA PTB-100A) mounted in the hull on sea level. 

· Sampling is 2 Hz for the period of 30 seconds.

· The output value is the average of medial (middle) 40 values in the 60 samples. 

· Sea surface temperature;

· A platinum resistance thermometer is attached under the float block.

· Sampling and averaging are the same process as air pressure.

· Significant wave height and period;

· A one-axis accelerometer is mounted in the hull (about on the center of gravity).

· It is supported by gimbals to keep it vertical.

· The output is integrated twice to change into vertical displacement.

· Then individual waves are extracted applying “zero-up-cross” method to the 1,024 samples for the period of 512 seconds.

· Significant wave height and period are calculated as the averages of upper third of the individual waves.

· GPS

· The buoy is equipped with a GPS receiver.   And uses it also for time correction besides the position determination.
Telecommunications
Some factors were considered when choosing the communication means.   We evaluated for the ORBCOMM system to have some advantage.
Those are as follows; 
· Cost

· 5,000 Japanese yen / 6 KB / month + 0.5 yen / bite.

· (about US$50, US$0.005 respectively)

It is a reasonable level for our short messages of low frequency. 
· Service area

At present, ORBCOMM JAPAN provides only bent-pipe mode.   But the service area is wide enough to cover our target area (adjacent seas to Japan).

· Two way communication

Usually, the buoy works every three hours, and the data are transmitted to the JMA.   When the weather is severe, it is useful for the synoptic analysis to obtain the meteorological data more frequently.   When waves are higher than thresholds set beforehand, the buoy changes automatically to the hourly observation.
The threshold can be changed at any time by using the two way communication function of ORBCOMM system.
It is also possible to send a command to keep hourly observation regardless of the wave height.
In addition, the buoy can correspond also to some more  commands.
· Change to three hourly observation

· Inform of the operation situation (last data, voltage of batteries)
· Terminate operation

· Sink (unscrew two bolts on top and bottom plate of the hull)

· Timeliness and reliability

The buoy of this type was deployed for the first time on May 11, 2000.   Four buoys have been already deployed by the end of September.   About 1,900 times of observation were made.

Almost all (about 99%) data were received within 15minutes after it had observed.   A few data were received with about 3 hours delay, probably because there were no satellite over the buoy at the time.   Most of the delays over three hours were due to our machine trouble (mail server or LAN in the office).
Up to now, the data loss which originates in the satellite system has never occurred
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Data utilization and the quality
The JMA encodes the received data to WMO code (FM-13 SHIP and FM-18 BUOY), then places them onto GTS network immediately.   These observation values are very good according to the result of the quality control at some centers such as UKMO, METEO FRANCE, NOAA and ECMWF.   At present, our data are placed on the GTS in the format of FM-13 SHIP with the header SXVB and FM-18 BUOY with the header SSVB.   It is scheduled to distribute these data only in FM-18 BUOY for the future.   It should be noted that these data in FM-18 BUOY on the GTS are applied the header named SSVB01 – 19 RJTD instead of SSVX.  

Summary
· JMA started the operation of a new drift type buoy this year.
· The buoy observes air pressure, sea surface temperature and waves (significant wave height and period).

· The observation is done with sufficient accuracy. 
· The ORBCOMM system which is adopted as a communication system has a good performance for our operational use.
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