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1. Developments in moored and drifting buoy design, sub-surface floats, sensors, communications, and operational programs

1.1
Developments in the Technocean SVP-Barometer Drifter

Jeffrey Wingenroth

Technocean, Inc.

Cape Coral, Florida

USA

Technocean participated in the development and manufacture of SVP-Barometer

drifting buoys during the early 1990's.  In 1998, our company implemented a

series of modifications to enhance performance of the SVP-B and increase

flexibility in manufacturing.   Three principal components of the buoy

received the most attention; namely, the barometer port, the barometer

sensor, and the microcontroller.  The barometer port permits pressure

communication between ambient air and the barometer sensor while isolating

the sensor from water influx.  The port was redesigned to improve

reliability and extend lifetime.  The barometer sensor was replaced by a

more stable unit exhibiting less drift over time.  The microcontroller,

which integrates sensor inputs, performs on-board processing, and controls

the Argos transmitter section, was replaced with a unit that could be

programmed in-house to accept new formats and integrate other sensors.

Modified SVP-B  drifters have been deployed and are operating successfully,

in some cases for over 1 year and running .  Results of these deployments

will be discussed.

1.2
Calibrated Minimet Technology

By: Andy Sybrandy (Pacific Gyre) and Peter Niiler (SIO)

Scripps Institution of Oceanography (SIO) has developed the calibrated

Minimet drifter technology using thorough comparisons of wind speed and

direction with research vessel data and long term deployments at sea with

satellite scatterometer data. The first operational field experiments were

undertaken in the winter of 1996-97 with the deployment of 30 Minimet

drifters into the Labrador Sea. The wind velocity data from 12 MINIMETS was

compared with data from the NASA/NSCAT scatterometer. This comparison showed

that consistent wind speeds from 2-30 M/SEC can be derived from acoustic

power in the 1KHz frequency band. This data is derived from the Fast Fourier

Transform (FFT) analysis of the ambient noise signal using a calibrated

hydrophone mounted 10m below the surface. It was found that saturation of

frequencies greater than 7 KHz in the ambient noise signal occur at wind

speeds greater than 7 m/s. The wind direction was derived from conditional

sampling of a calibrated compass aligned with a vane on the surface float.

These initial deployments uncovered various problems in the construction,

calibration and deployment techniques. Additional in situ data was obtained

from deployments of 31 Minimets in the East Sea in 1999 and 20 Minimets in

the tropical Pacific in April 2000. This data was compared to the

NASA/QuikSCAT scatterometer. Engineering changes made to the 1996 model

Minimet improved survival rates and data quality of the 1999-2000 model.

Also, comparison of acoustic power at different frequency bands helps

identify ship noise or precipitation effects. SIO will continue to deploy

calibrated Minimet drifters in the East Sea in 2000 and the East Pacific in

2001. AOML/NOAA and NAVOCEANO will begin evaluating the calibrated MINIMETSin 2001.

1.3
Marlin SVP-B drifters evaluation after one-year operation in situ.

Sergey Motyzhev – Marlin Scientific Manufacturing Company, Ukraine

Elizabeth Horton – Naval Oceanographic Office, USA
Between the DBCP meetings the Marlin and Navoceano were intensive cooperating  for evaluation of the new generation Marlin SVP-B buoy. Marlin implements the concept, that reliable low-cost buoy may be created by the joint team of experts in all the directions of buoy building. As result, both buoy's hardware and software were being projected so that to decrease the power consumption and to optimize the electrical and mechanical connections between the parts of buoy. The transmitter, antenna, and seawater were being considered as the unified system, where the radio signal is being formed and transmitted. The mechanical strength of buoy should be suitable for air deployment, long-lived operation in ocean, and decreasing of payment for transporting.

7 Marlin SVP-B drifters of the new generation had been deployed in the early November 1999. The evaluation of buoys deployed was being provided via three directions: PTT, sensors, and mechanics. PTT has demonstrated, that the following parameters: number of passes with connections, number of received messages per pass, number of passes with locations were at the maximum theoretical possible level and had the time stability. Low cost Marlin AP channel had shown, that its mean-square error didn't exceed 1hPa during the buoy's lifetime. It wasn't marked the problems for SST and BV sensors. The removable lacks of the submergence channel were disclosed. The compact packing of buoy saved more than 30 % of the transportation expenses and provided the convenience when the storage and deployment of buoys. The new scheme of attachment of the equipment inside a surface float meets to the requirements of air deployment.

As a whole, the Marlin SVP-B buoy provides the reliable operation for up to one-year and more, when lowering of the buoy's cost. The further activities for buoy's updating should have more the technological essence, than scientific or technical one. However, it is the point of authors, that the creation of the Argos-2(3) SVP series should be begun. Taking into consideration the results above should provide this job. The utilization of these buoys will allow forming the optimum drifter nets, what will allow to fulfil the conditions of the DBCP Implementation Strategy.

1.4
New generation of Argos-2(3) SVP buoy series as instrument for DBCP Implementation Strategy. Matter for discussing.

Sergey Motyzhev – Marine Hydrophysical Institute NASU, Ukraine

Elizabeth Horton – Naval Oceanographic Office, USA
DBCP strategy of global observations guesses to increasing the number of drifters. Argos offers the new capabilities for users. Argos-2 proposes the widened bandwidth and increased sensitivity of receiver. Argos-3 will provide the two-way communication. In basic, the oceanographers and meteorologists are very far from radio-techniques problems and they don't understand what they will have when using the new instruments. So, Argos wishes to have the mixture of drifters with different carry frequencies in one area, while the users wish to have the optimal configuration of the drifter networks. The optimal solution of problem may be obtained as the compromise.

The co-authors offer the following variant. A manufacturer is building the completed buoy without the inside program (ID, format of message, technical file, dynamic range of sensors, repetition period, etc.) and fixed carry frequency. The completed buoys "are sleeping" on the warehouse after manufacturing. Owner of buoy will program it directly before the deployment. The following parameters should be entered in the buoy: a) Chosen carry frequency (one of 401.650 MHz, 401.648 MHz, or 401.652 MHz); b) Format of message; c) Repetition period; d) Argos ID. Using of the "Sleeping buoy" will provide the flexibility for the plans of air and ship deployments. For example, these buoys are being stored in the different points of Earth. If the air or ship deployment opportunity is being appeared, the buoy or buoys will be programmed and sent for deployment in the needed place with needed status.

New capabilities will be opened for users when the Argos-3 downlink messaging. When using Argos-3 the current status of buoy can be changed after the deployment. New scientific projects can be started. For example, it may be the supporting of the drifter optimum configuration. The advantages of this project are that it can be reached: a) Building of the optimum drifters constellation in the area interested of Action Group; b) Optimum load of the Argos frequency band occupation; c) Increasing of the buoy lifetime; d) Decreasing of payment for the Argos.

1.5
An update to results on SVP-B performance and cost analysis presented at DBCP XII, Henley 1996

by Eric Meindl

1.6
Autonomous Ocean Observing System (ADOS)

W. Gary Williams, Clearwater Instrumentation, Inc.

Watertown, MA 02472

ADOS is a highly-integrated, drifting buoy combining innovative sensor systems for winds, surface layer thermal structure, solar irradiance, and ocean color. ADOS can be used for in situ observing of the ocean surface in studies of ocean productivity and to provide ground-truth for satellite observations.  Several novel features add to the utility and robustness of the system. ADOS is our first implementation of SmartSensors, self-contained temperature and pressure measuring devices that attach to standard, plastic-coated, steel oceanographic wire and that communicate to the surface float through an inductive modem. The same inductive modem is used to obtain data from a digital acoustic wind sensor (a WOTAN designed by Scripps Institution of Oceanography and made by Pacific Gyre ). This implementation of SmartSensors provides a robust thermistor chain for drifting buoys. The surface float sports an irradiance sensor on a vertical mast and three downward-looking ocean color sensors housed in unique enclosures with caps timed to push off at predetermined intervals. This latter feature permits the evaluation by comparison of fresh sensors to ones exposed to biofouling. Light sensors are tuned at five SeaWiFS bands. The surface sphere also is fitted with a vane and electronic compass to measure wind heading. This suite of sensors permits the observation at the sea surface of a co-located combination of parameters that can be used to observe wind-induced surface mixing and resultant changes in upwelling light due to productivity. Results will be presented from trials in April 2000 off the coast of California, and deployments in late summer 2000.

1.7
Getting ready for the Argos Downlink  
  By Michel Taillade  (CLS General Manager, Toulouse France) 

 With the Argos Downlink, which will be implemented after the ADEOS-II satellite launch scheduled in November 2001, Argos will become a two-way system.  

Development of Argos receivers is being completed and integration work on Argos platforms will start with manufacturers in early 2001. 

This presentation describes the receiver characteristics and discusses the practical features related to its integration in a Platform Messaging Terminal  i.e. the transceiver package.  

The purpose is to update DBCP participants on this capability and foster new developments of interest to the community. 

1.8
Drifting Wave Buoy using ORBCOMM Data Transmission

Tetsuya Uwai

Japan Meteorological Agency

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 1,600 reports in three months), while most data were received within ten minutes after the observation.
1.9 
ORBCOMM Performance - results of an Antarctic evaluation

By D Meldrum

1.10
 A New High Data Rate GOES Satellite Transmitter for Buoy Applications. 

Co-authors:
Jim Hanlon



President 



Seimac Limited



Brian Day



General Manager



Campbell Scientific (Canada) Corp.

Seimac Limited and Campbell Scientific Incorporated have recently developed and had certified the first Data Collection Platform (DCP) for the newly enabled high data rate GOES geostationary environmental satellite system.  This paper will describe the salient features of this new transmitter including data throughput, power requirements and mounting considerations.

1.11
Prelimary results from a Met.Office Open Ocean Buoy fitted with a TRIAXYS Wave Sensor

By D W Jones and S Keogh

The Met. Office

UK

In Summer 2000 a standard Open Ocean Buoy was equiped with a TRIAXYS wave sensor package. This paper will describe some preliminary comparisons between the wave sensor data, and data collected from a Datawell waverider buoy located near by.

1.12
Neptune- METOCEAN Data Systems Limited 's Deep diving profiling floats 

By Bernard G. Petolas, P.Eng.

METOCEAN Data Systems Limited has developed the line of Deep diving profiling floats called Neptune.  The are two models, the LS and the SC.  The LS is based on the Provor design by IFREMER and the SC on the Scripps Institution of Oceanography Solo design.  The LS uses a displacement pump to transfer oil from an internal to an external reservoir.  The SC uses a piston to displace oil.  The LS model has full ocean depth capability (2,000 meters) while the SC can profile to 1,500 meters.  Both models are designed for a minimum 150 cycles, giving a four to five year expected life.  The LS meets all the requirements set forth by the Argo Committee, while the SC offers slightly less depth capacity but at a better price.  Deep ocean testing and long term testing are presently underway

Both models can be equipped with CTD sensors from Sea Bird or Falmouth Scientific.  Service Argos is the standard telemetry system used, but both models can be equipped with Orbcomm transceivers. 

2. Data requirements relating to operational oceanography and meteorology, including, in particular, case studies related to weather forecasting

2.1
Project Argo, moving towards the implementation phase.

 By Howard Freeland

 Institute of Ocean Sciences

 Sidney, B.C., Canada

 Argo is a large international project that aims to supply global surveys of the climatic state and the internal dynamics of the top 2000 metres of the global ocean, every 10 days.  This talk will provide a summary of the current status of profiling floats intended for use in Argo, the

 objectives of Argo and the progress taken so far towards implementation. 

 As of writing the national and international entities contributing to Argo are, Australia, Canada, the E.U., France, Germany, Japan, Korea, UK, Unesco and USA.  Though there are strong indications that other countries will join us shortly.  All countries have agreed that the data will be made available on the GTS and on the world wide web in near-real-time and

 agree that no data should be delayed by more than 12 hours.  Deployment of the float array in the global ocean will be a significant challenge but exprimental deployments from aircraft have been extremely successful and the entire project appears to be quite tractable.

2.2
Specific Contributions to the Observing System:  Sea Surface Temperatures

Richard W. Reynolds, D.E. Harrison, and Diane C. Stokes

Abstract -- Surface drifters play a key role in maintaining the quality of the global SST data set and global SST products.  Recent work has found that there are a number of regions that do not have the minimum density of surface drifters needed to maintain 'climate quality' blended SST there.  Roughly an additional 200 drifters are needed annually to maintain the global array at the minimum density.  The regions in which enhanced coverage is needed and the number of buoys required in each region will be described.  The assistance of the DBCP in getting the needed drifters into these regions will be crucial.

2.3
World Ocean Surface Circulation 

Peter Niiler, Scripps Institution of Oceanography 

During the past 15 years of the World Climate Research Program, direct measurements of ocean circulation were done with SVP drifters on a global scale. With these data a global ocean circulation chart has been derived and Ekman and Sverdrup circulation theories were tested. With the drifter observed surface currents, absolute sea level fields were derived for the Pacific. Direct measurements of eddy energy were compared to that derived from satellite altimeter data, which established the most effective algorithms for converting sea level slope to time-dependent geostrophic currents. Continued observations of the surface circulation are required to understand the complex advection-diffusion balance of thermal energy that governs the evolution of SST on interannual to decadal time scales. Surface current observations (and wind stress) are required for converting satellite observations to near surface circulation. The "Global Drifter Program" should maintain a primary objective the global surface current, SST and atmospheric pressure observations. Wind observations should be considered for a subset of drifters. A time-space evolving global surface velocity field in near real time can then be derived from a combination of satellite sea-level slope, wind and drifter observations. An increase of 300 drifting buoys to a net total of 1200 is recommended for the global array, with new deployments in the North Pacific and North Atlantic Oceans.

2.4
SEA SURFACE TEMPERATURE MEASUREMENT from ODAS Buoys

Jim Gower,  Simon Skey,  Mark Blaseckie, Val Swail

At a GCOS meeting last year in Victoria, it was identified that whereas the accuracy and long term precision of the present measurement of SST from the ODAS buoys is sufficient for operational marine meteorological purposes, it is insufficient to be reliable for use in climate change research.  Since the buoy network provides an opportunity for long term SST measurements, it could provide a valuable data set if the data were of sufficient precision to be useful.  For the NDBC ODAS buoys, the stated SST accuracy is ±1°C and for the Canadian ODAS buoys it is ±1°C for the ZENO payload and ±0.5°C for the Watchman payload.  However, for long term climate research the requirement is for SST precision to be ±0.05°C.  

The present accuracy uncertainty exists not only in the precision of the SST sensor itself, but also in determining the magnitude of the effects of heat transfer from the surface of the buoy either through the hull or by heating the air inside the buoy.
Recent research has been carried out on a Canadian 3m buoy in sheltered coastal waters.  In this research the buoy SST, as measured with the standard temperature bolt in the hull, was compared with SST measurements using a Seabird temperature sensor designed to be very stable (0.002 C) and sensitive (0.0001 C).  The results from a year’s worth of data using monthly averages of readings from the two sensors shows evidence of an offset of about 0.15C, a drift rate of 0.06 C/year and a non-linearity of about 0.05 C.  Examination of individual hourly readings show differences with an rms value of 0.2 C, and with occasional differences of up to 2 C. 

The paper will present the results from the research and outline the approach that is being taken in Canada to improve the accuracy of the SST measurements for climate research requirements.

3. Buoy data applications in oceanographic and  meteorological modelling, global climate studies, and as a complement to remote sensing.

3.1
New Argos User interface on the Web

By Christian Ortega, CLS

New data processing and management systems for the Argos centers are being phased in.  These will in particular provide: 

· a more open system that will let users access and modify platform processing, program characteristics on line,

· selective access to results through simple query via an improved user interface

The new interface will described and discussed, with a special emphasize on result handling and display in view of oceanographic and operational applications.
3.2      Inter comparison of sea surface meteorological data from two different buoys

and with ship observations

By M. Ravichandran, M. Harikrishnan, Tata Sudhakar, M. Muralidhar and K. Premkumar

National Institute of Ocean Technology

IIT Campus

Chennai 600 036.

The systematic and automated measurements from moored (National Data Buoy Programme) buoys largely enhanced the oceanographic database around the Indian seas. Under the Programme, arrays of 12 buoys were installed around the Indian seas. The buoys mainly measure wind speed and direction, wave height and spectrum, surface water and air temperatures and atmospheric pressure. At the DS4 location. (13.00N & 8690E) in Bay of Bengal, an additional buoy was added in 1999 for testing the performance of sensors during the BOBMEX programme.

In this paper we compare the observations from these two different data buoys (WA VES CAN & SEA WATCH) and also with the in-situ measurements from ORV Sagar Kanya at DS4. The results show that there is good agreement of data between the moored buoys.

3.3
USE Of GPS DRIFTERS FOR MEASUREMENT OF NEAR SURFACE CURRENTS IN A WIDE STRAIT

By Dario Stucchi

Institute of Ocean sciences

9860 West Saanich rd

Sidney, B.C. V8L 4B2

We have recently undertaken a program of measurements and numerical modeling of the strong currents in Juan de Fuca Strait.  There have been several oceanographic studies and models of this wide strait, but our understanding of the near surface circulation and its variability is poor because previous current measurement programs have under-sampled the near surface region.  While satellite tracked surface drifters, like those developed for the World Ocean Circulation Experiment (WOCE), are suitable for the measurement of open ocean currents, the accuracy and frequency of the position fixes provided by satellite-based location system are insufficient to resolve the short space and time scale of the flow in the coastal zone.  The Global Positioning System (GPS) has improved both the frequency and accuracy of drifter positioning, and its wide spread use has made it feasible to incorporate this technology into the field proven WOCE surface drifter.  In the last two years, we have modified, tested and successfully used WOCE – GPS drifters from three different manufactures.  An indispensable component of our drifter program is a ship‑based, real time tracking system.  The tracking system comprises a commercially available uplink receiver to acquire the direct data transmissions from the drifters, together with a software program which we developed in-house to process the data messages so that we may monitor the drifter positions and their onboard sensor data in real time.  With the use of the real time tracking we are able to recover and re-seed the drifters when they leave the experimental area, and we have been able to adjust our sampling strategy based on the observed surface circulation patterns.  We have conducted drifter experiments in all seasons with as many as 12 drifters deployed at one time in the strait and obtained many days of drifter tracks.  The GPS drifters have performed well in severe wind conditions and provided continuous and precise data through out their deployments.  The drifter tracks have confirmed the estuarine surface outflow current and provided detailed observations of large scale, surface flow reversal during the passage of major winter storms.

3.4
A full buoy network for complex mesoscale weather

Owen S. Lange

Environment Canada, MSC

Vancouver, Canada

The buoy network along western Canada's British Columbia coast has evolved

over the years. Buoys were added to monitor known areas of strong or locally

unique winds so that the marine forecast could be improved. But the buoys

not only provided a monitoring network but also new insights into the winds

and waves across the meteorologically rich mesoscale environment of the

coast. The development of this network and some of the insights gained will

be discussed.  

3.5
Physical and biological monitoring with the western Canadian ODAS marine buoy network

Jim Gower

Institute of Ocean Sciences,

P.O. Box 6000, Sidney, BC, V8L 4B2, Canada

Sensors are being added to some of the 17 meteorological ODAS buoys along and off the west coast of Canada to provide time series of physical and biological information. The ODAS buoys are well located and provide adequate power, data handling and hourly real time data relay for the additional sensors.  Sensors have been installed on two 3-meter discus buoys so far and measure salinity, insolation, water colour and fluorescence. Instruments are planned to provide time series of surface water properties that can be linked to water colour images from satellites such as Seawifs to show coastal physical and biological patterns in space and time for fisheries management and climate-related studies. In addition a 200 kHz acoustic sounder system has been installed to give depth profiles of zooplankton and fish.  A 50 kHz sounder has recently been added to allow better target discrimination.  The first data time series started in 1997.  Most data have been gathered since December 1998 using an instrument well set vertically through the buoy hull, with pumps sampling at the surface and at 8 meters depth.  PAR, salinity and acoustic measurements are found to be relatively unaffected by the various types of biological fouling.  Redundant fluorometers allow fouling of these instruments to be detected, so that cleaning can be scheduled.  The standard meteorological data collected by the buoys have been found useful in interpreting the new results.  Buoy data and results from associated water sampling will be presented and discussed at the meeting. 

3.6
Status of the global drifter array, and the Hurricane array deployments. 

by Craig Engler

AOML

Miami 

The Global Drifter Program (GDP) is a branch of the Global Ocean Observing System (GOOS) Center at NOAA’s Atlantic Oceanographic and Meteorological Laboratory (AOML).  The GDP mission is to maintain a global array of ARGOS tracked Lagrangian Drifters to meet the need for an accurate and globally dense set of in-situ observations of Sea-surface temperature (SST) and surface circulation.  This data supports short-term (seasonal-to-interannual) climate predictions as well as climate research and monitoring.

A total of 462 GDP buoys were deployed in the Tropical and Southern Oceans between October 1999 and September 2000.  A number of the buoys deployed in the southern oceans were SVP buoys upgraded with Barometers. In addition to the SVP and SVP Barometer drifters the GDP has deployed an array of 11 Hurricane Observation Wind drifters in the Tropical Atlantic for the  2000 Hurricane season.   The deployments of these buoys were made by Naval Aircraft, Voluntary Observation Ships and Research Vessels.  The

presentation will focus on logistics and methods of deployment.  The number of deployments made in each basin and plans for buoy deployments in the upcoming year.

3.7
The Global Drifter Array- New Data products and the Year 2000 Hurricane Drifter Array 

By Mayra Pazos 

AOML

Miami

The Drifter Data Assembly Center (DAC) is part of the Global Ocean Observing System (GOOS) Center operated at NOAA/AOML. The primary goal of the DAC is to collect and provide uniform quality control of sea surface temperature (SST) and surface velocity measurements and make them available to the oceanographic community in an effort to improve ocean monitoring and climate prediction. These measurements are obtained in collaboration with other national and international partners.

This presentation will focus on new products that expand the use of our drifter program data.  One new product provides hurricane forecasters with meteorological and surface oceanographic data in the hurricane development sector of the Atlantic Ocean.  In an effort to provide the pertinent data for hurricane research and prediction, each year  Surface Velocity Program drifters equipped with barometer and

wind sensors, are deployed.  This year's hurricane array is composed of nine drifters provided by AOML and deployed northeast of Brazil by the Navy, in May 2000. Eight additional drifters were provided by the Navy and deployed east of the Bahamas in August 2000. Daily drifter tracks, and data files are available through the DAC WEB page: http://www.aoml.noaa.gov/phod/dac/dacdata.html
Other processed historical drifter data can be downloaded from the WEB, including drifter trajectories, and monthly and seasonal SST and surface velocity fields.

3.8
Observed Changes in Arctic Climate

By Ignatius Rigor

The International Arctic Buoy Programme has maintained a network of drifting buoy in the Arctic Basin since 1979. These buoys measure sea level pressure (SLP), surface air temperature (SAT), and other geophysical quantities. Ice Motion can be estimated from positions taken by the Argos satellite system. Over twenty years of buoy data have been

collected. We plan to show the climatology of SLP, SAT, and ice motion, as well as show how the data vary seasonally and interannually. Finally we will show how the changes in the data are related to changes noted in the Arctic Oscillation.
