
S2O2: The Sargasso Sea Ocean/Atmosphere Observatory

Proceedings of a Workshop

March 6-8, 2001

Bermuda Biological Station for Research, Inc.

St. Georges, Bermuda

Acknowledgements


We thank the US National Science Foundation Division of Ocean Sciences and the NOAA Office of Global Programs for financial support of this workshop.  We particularly thank Don Rice, Larry Clark and Mike Reeve at NSF for encouragement and advice during each stage of planning and completion of the workshop and this report.  Lisa Dilling at NOAA/OGP has supported our efforts from the beginning of this initiative, and we value her contributions and insights.  Lauren Simons and Christine Pequignet of the Bermuda Biological Station for Research, Inc., provided excellent logistical support during the workshop. 

Sargasso Sea Ocean/Observatory Workshop Organizing Committee Members

Molly Baringer

Nick Bates

Tom Church

Maureen Conte

Tommy Dickey

Dennis Hansell, Chair

Tony Knap

Dennis McGillicuddy, co-Chair
Dave Siegel

This report is available in electronic form at http://www.bbsr.edu/Labs/hanselllab/s2o2/s2o2mainpage.html 

Table of Contents
3Table of Contents


5I.  Executive Summary


8II. Introduction


9III.  Workshop Session Summaries


9A.
Introduction of S2O2 Elements  (Chair - Dennis Hansell)


10B.
S2O2 Context  (Chair - Tommy Dickey)


10C.
What might S2O2 look like in the future? (Chair - Dan Frye)


101.
Emerging Technologies For Ocean Observatories Dan Frye


10a.
Introduction


10b.
Gliders


10c.
AUVs


11d.
Profiling Floats


11e.
Observatory Designs


12f.
Acoustic Telemetry Capabilities


12g.
RF Telemetry Options for Ocean Observatories


132.
Autonomous Time Series Observations: Recent Progress And Future Visions* Tommy D. Dickey


13a.
Introduction


13b.
Challenges to Ocean Observationalists


14c.
Platforms for Autonomous Sampling


15d.
Sensors and Systems


17e.
Breakthroughs Enabled by Autonomous Sampling


18f.
Toward the Future


20D.
S202 Collaborations and Resources (Chair - Maureen H. Conte)


201.
How can we facilitate interactions among researchers from the planning to data use stages?


212.
How do we improve and extend collaborations within S202?


213.
How do we maintain and optimize use of present-day resources?


224.
What elements are missing or poorly represented in S202 today?


225.
Specific Session Recommendations:


236.
Specific WEB site Recommendations:


23E.
Central accomplishments of S2O2 (Chair - Nicholas R. Bates)


26F.
S2O2 Organization  (Chair - Thomas M. Church)


261.
Objectives


262.
How Should S2O2 be Organized?


273.
Immediate Stages for Organizing


27a.
What


27b.
How


28Appendix A  Element Statements


28Hydrostation S


28Ocean Flux Program


30Bermuda Atlantic Time-series Study (BATS)


30Bermuda Testbed Mooring Program


32The Bermuda Bio-Optics Project


33CARIACO and the S2O2: A path to understanding basin-scale variability recorded in Cariaco Basin sediments?


35Caribbean Time-Series Study


35The Oleander Project: Sustained Observations of Upper Ocean Currents


37Florida Strait Current Time-series


38High Resolution XBT Lines


38From WATOX to AEROCE


42Regional Atmospheric Tower Network


44AEROCE Tower – Present Status


46Aerosol Fluxes at the Air-Sea Boundary


48Bermuda Weather Service


50MITESS: Automated Moored Trace Element Serial Sampler, Results from Bermuda


51An Overview of Carbon Studies at the  Bermuda Atlantic Time-series Study  (BATS) Site.


52pCO2 in the Sargasso Sea


53Bermuda Atlantic Time-series Study (BATS) Ancillary Programs


54Microbial Observatory


55A Multiscale Modeling Approach for S2O2


59Introduction To O-SCOPE


68Moored Profiler Observations In Support Of An Ocean Timeseries Program In The NW Atlantic


70BBSR Satellite Laboratory


72Appendix B  Workshop Organizing Committee


73Appendix C  Sargasso Sea Ocean/Atmosphere Observatory (S2O2) Workshop Agenda


77Appendix D  Workshop Participants




I.  Executive Summary

What is S2O2?

· The Sargasso Sea Ocean/Atmosphere Observatory (S2O2) is an organization of ocean and atmosphere scientists with the shared goal of improving our understanding of the functions and processes in the southwestern quadrant of the North Atlantic Ocean, and relating these processes to the surrounding and global systems.  

· Our approach is to facilitate the advancements and synthesis of science in the region in order to answer interdisciplinary questions about this ocean/atmosphere system.  We seek to strengthen our collective science through improved linkages between S2O2 elements, and to make our data and knowledge available in a coordinated and facilitative way to the broad community of users and allied observatories. 

· The research elements making up S2O2 include time-series projects (hydrographic, biogeochemical, biological, and atmospheric), technology development, modeling, and process studies.  The user community will include coastal observatories near the S2O2 region of interest, evolving global observatories, as well as national and international programs designed to advance our understanding of ocean and atmospheric processes through sustained observations.

This report summarizes the proceedings of the S2O2 organizing workshop held at the Bermuda Biological Station for Research, Inc., in St. Georges, Bermuda, from March 6 to 8, 2001.  The workshop brought together ocean and atmospheric scientists with active research interests in this region. The workshop was organized to:

· Introduce to S2O2 participants to the many S2O2 elements (projects): To each research element leader, we asked the following: what are the broad scientific questions of your element; what is the project history, present status, and future; what are the operational requirements/features of your work; what are your data streams, what is their timeliness and availability, now and in the future; how do you envision your project contributing to the definition of what S2O2 should be.

· Understand the Context for S2O2: Presentations were made on the emerging US programs that we need to be aware of; goals of the physical, biogeochemical, and atmospheric observational programs developing in the North Atlantic; and the international programs to be accommodated.  
· Envision what S2O2 could look like in the future, given advances in technology: We sought to learn the engineering and technological perspectives on emerging platforms and sensors, modeling, and data assimilation.  

· Extend and Understand Potential S2O2 Collaborations and Resources: We sought to answer the questions - How can we improve/extend collaborations, synergies, optimal use of present day resources including the various platforms (ships, moorings, AUVs, gliders, floats, towers, etc.) and collective data and models?

· Central Accomplishments Sought for S2O2: We articulated accomplishments that can be achieved ONLY through the implementation of S2O2.  What are the specific science, technological and long term observation accomplishments that should be central accomplishments for S2O2?  What are specific contributions we can make now or in the future to the international observing efforts?  How will the accomplishments be met? What should be our immediate next steps toward realizing accomplishments?
S2O2 builds on a wide range of long term, sustained, multi-disciplinary studies of the ocean and atmosphere in the southwest quadrant of the North Atlantic Ocean. Hydrostation S, in continuous operation since 1954, serves as a prime example of the foundation upon which S2O2 has been built.  Today, S2O2 comprises over 20 ongoing individual research elements and at least 50 scientist participants.  The data streams from these elements serve many more research scientists and students at all levels. The workshop was valuable for bringing together, for the first time, a disparate group of scientists to discuss their research activities and build synergistic and collective approaches in support of improving understanding of this particular ocean-atmosphere system.

Our view is that the western Sargasso Sea is an incredibly rich data node that should be better exploited within S2O2 ranks and by evolving international observatories.  Advances in our individual science will accelerate with strong interactions between the elements and the participants.  We expect, for example, that an S2O2 element asking questions about controls on ocean biogeochemistry will gain greatly by leveraging against the relevant hydrographic and atmospheric observations and knowledge available within other S2O2 elements.   At the national and international level, efforts to develop global observatories will by necessity depend on free and easy access to the existing observing efforts already underway.  S2O2 will provide data to programs as wide ranging in focus as CLIVAR, GOOS, and those being developed to observe biogeochemical variability.  While most of these international efforts are horizontally integrative, that is they require wide spatial coverage, they are not vertically integrative (that is, they seek a limited suite of data). S2O2 offers deep vertical integration (from the atmosphere to the deep sea, from physics to biology), thus the data streams will be useful to several evolving programs of varying disciplinary focus. 

The Sargasso Sea Ocean/Atmosphere Observatory is extremely well positioned to accomplish the following Functions:

1. Serve as a data center - accessible to all S2O2 elements, as well as US national and international science efforts.  The data center must advance the capability to serve multi-disciplinary data in a coordinated and facile way.

2. Serve as a test-bed for technology development.  S2O2 provides data streams, data context, logistical ease of operation, long-term presence, and linkage to complementary technology and observational efforts.

3. Serve as a test-bed for data assimilation from an observatory that is multi-disciplinary in nature.  Such a multi-disciplinary nature is the future for regional and global observing systems. 

4. Serve as a center for the education of national and international scientists and students.

5. Serve to facilitate scientific synthesis.

6. Serve as an incubator/catalyst of new ideas for future scientific directions.

7. Provide coordination and oversight of key elements of observatory infrastructure.

It is our goal to see this vision of S2O2 realized.  The major recommendations that follow are designed to take us along these first steps toward this realization. 

Near-term Recommendations:

A. Implementation of an organizational structure that will facilitate Functions 1-7.  Initially this will consist of a small steering committee and a modest S2O2 Project Office. This organizational structure shall undertake the following activities in the near-term.

B. Expansion and improvement of S2O2's web-based coordination mechanisms.  These include:

a. A clearinghouse for project descriptions of individual S2O2 elements

b. A clearinghouse for data products from individual S2O2 elements

c. Up-to-date scheduling information for planned and ongoing observational activities. This new aspect of the S2O2 web site will foster coordination  and maximize efficiency in resource deployment (e.g. use of open berths, notification of platforms available for instrument testing, etc.).

C. Communication with, and receipt of input from, the community

a. JGOFS newsletter article

b. Presentations at meetings (e.g., Open Science Conference in Amsterdam; IAPSO in Argentina)

c. AGU special sessions (Fall 2001)

d. S2O2 community meeting at Ocean Sciences 2002

e. EOS article

f. Presentations to related observatories and interests

D. Bi-annual symposia/workshops of S2O2 participants to exchange ideas, foster coordination among ongoing research activities, and stimulate development of new approaches. 

E. Evaluation of the needs for support of critical aspects of observatory infrastructure. 

II. Introduction

International efforts to develop global scale ocean, atmosphere and climate observing systems will be aided by coordination of and access to existing observational efforts.  The southwestern quadrant of the North Atlantic is one of the most intensively studied regions of the world’s oceans.  It is representative of the globally vital and distributed oceanic subtropical gyre systems, thus serving as a long time, and continuing, center of research efforts to understand those systems.  It is subject to strong atmospheric inputs of dust from the east and anthropogenic inputs primarily from the west, thus a harbinger of future impacts by these transports. It is one of the most highly instrumented regions of the world’s ocean, by virtue of it’s proximity to highly populated continents and islands.  These intensive observational activities have illuminated many gaps in our scientific understanding of how these systems work.  These gaps have driven further work in the system, but several important aspects of the coupled physical-biological-biogeochemical processes remain enigmatic.  The US National Science Foundation (NSF), the National Oceanographic and Atmospheric Administration (NOAA), the National Aeronautic and Space Administration (NASA), as well as several other national governments in the region, support ocean/atmosphere observations through numerous research projects at >>US$15M/y.  The region is globally unique, with a mature and growing presence of ocean and atmosphere observations.

Given this backdrop, the Sargasso Sea Ocean/Atmosphere Observatory (S2O2) has been formed to coordinate and enhance the contributions of the many marine biogeochemical, hydrographic and atmospheric studies that are conducted in time series mode in the region (Table 1), as well those of scientists with strong scientific interests in the region (Table 2).  Our primary region of concentration, depicted on the cover page figure, is the ocean/atmosphere bounded by the Gulf Stream circulation system in the west and north, the return flow of the gyre circulation over the mid ocean ridge to the east, and the Antilles/Guiana Currents through the Caribbean to the south. S2O2 is inclusive of the Sargasso and Caribbean Seas.

In early March 2001, a workshop was held at the Bermuda Biological Station for Research, with 30 scientists having long-term interests in the S2O2 region in attendance.  One of the first goals of the workshop was to introduce the many S2O2 elements (Table 1) to the participants (see Appendix).  While all of the scientists had strong interests in the region, they did not know the details of all the other research projects underway nor did all know each other beyond name recognition.  The first 1.5 days of this 3-day workshop were dedicated to establishing rapport between the scientists and their research projects.  Each S2O2 element was presented, with focus on the essential scientific questions and methodologies employed.  Summaries of these talks are presented in Appendix B.  In the latter part of the workshop, several sessions (see Session Summaries in Section III) were conducted to determine how S2O2 should evolve, given the data and knowledge needs both within and without our group.  

Tommy Dickey (UCSB) began by leading a session that provided context for S2O2.  In this session, the participants discussed the lay of the land surrounding S2O2.  We learned about the many and various US and international observing programs relevant to S2O2.   Dan Frye (WHOI) introduced the group to the evolving technologies that will become available to the marine community.  These included gliders, AUVs, new mooring technologies and data transmission, etc.  Maureen Conte (WHOI) led a session entitled “Collaborations and Resources”, with the goals of improving and extending collaborations, synergies, and optimal use of present day resources, including the various platforms (ships, moorings, AUVs, gliders, floats, towers, etc.) and collective data and models.  Nick Bates (BBSR) then led a session designed to articulate accomplishments that can be achieved only through the implementation of S2O2.  Questions addressed included: what are the specific science, technological and long term observation accomplishments that should be central accomplishments for S2O2?  What are specific contributions we can make now or in the future to the international observing efforts?  How will the accomplishments be met? What should be our immediate next steps toward realizing accomplishments?  Tom Church (UDel) concluded the meeting with a session focused on the nuts and bolts of S2O2, the organization.  What should be our organizational structure; who will take the lead in developing a charter; etc.  

The workshop engendered a great deal of enthusiasm and excitement for the potential S2O2 offered to our individual programs and interests, and well as to the evolving international observing programs.  The primary goals we established for S2O2 are 1) to strengthen interactions between S2O2 elements, 2) provide data, models and knowledge to the global observing programs and other linked observatories (i.e., U.S. coastal observatories and consortia), and 3) serve as the foundation for new science, technology and education.  Many of the individual research projects/scientists already have strong interactions, but the other extreme was found to hold as well – many of our participants knew little about several of the ongoing observing efforts in our region.  So strengthening interactions will result in ‘value added’ science.  An element of this goal will be to determine what kinds of coverage or facilities are missing from our region, and to work toward providing that coverage.   As for the second goal, there are many active users of the current data streams-- e.g. JGOFS SMP, individual investigators, student use in educational activities, etc.  The user base will expand greatly with development of international observing programs.  Certain S2O2 elements clearly will provide data to GOOS and CLIVAR efforts.  Other elements will provide data to elemental (e.g., carbon, etc.) observing programs that may develop (e.g., SOLAS, OCTEC, EDDOC).  Our goal will be to provide high quality data and knowledge once these programs hit the ground.  Goal 3, providing a foundation, provides the advantages we within S2O2 have to others, largely through access to the facilities, rationale and knowledge.

It is clear that the existing centers of ocean and atmosphere observing excellence (S2O2, LEO-15, coastal observatories, etc.) must be employed as central, data rich nodes that provide strength and momentum to evolving international observing networks.  Mechanisms for accessing and collating these data streams must be determined.  The difficult portion of this equation, that is establishing long time histories of sustained data acquisition over large regions, has been completed in the southwest quadrant of the North Atlantic.  It now time to establish and improve the connectivity’s required to amplify the value of these efforts.

III.  Workshop Session Summaries

A. Introduction of S2O2 Elements  (Chair - Dennis Hansell)

During this 1.5 day session, 25 presentations were made to describe many of the elements making up S2O2.  The questions to be answered during the presentations were: What are the broad scientific questions this element addresses; what is the project history, present status, and future; what are the operational requirements/features of your work; what are your data streams, what is their timeliness and availability, now and in the future; how do you envision your project contributing to the definition of what S2O2 should be; how does your project need to be improved or augmented so as to greatly support the other elements of S2O2 or other ocean observing programs; anything else we need to know.

Summaries of those presentations, in the order of presentation, are given in Appendix A.  

B. S2O2 Context  (Chair - Tommy Dickey)

In this session, the issues of focus were: What are the emerging US programs that we need to be aware of? What are the physical, biogeochemical, atmospheric observational programs that are developing in the North Atlantic? What are their goals?  Likewise, what are the international programs to be accommodated?  Insights from agency/program representatives were sought in this session.

C. What might S2O2 look like in the future? (Chair - Dan Frye)

1. Emerging Technologies For Ocean Observatories
Dan Frye
a. Introduction

This talk described some of the emerging technologies that are being applied to ocean observatories (or planned ocean observatories). The general topics discussed include: gliders, AUVs and profiling floats, cabled, buoy, and acoustically linked observatory designs, and RF and acoustic telemetry options for ocean platforms. 

b. Gliders

Gliders are an efficiently powered form of AUV that are particularly well suited to open ocean observations. They are still early in their development and none of their capabilities are proven as yet. They are presently being designed in two versions- electrically propelled and environmentally propelled. In either case they use buoyancy changes to glide, but the ultimate source of power comes from either internal batteries or the temperature differential between the surface water and water at depth. The Sargasso Sea is an ideal location for environmentally powered gliders in terms of the temperature differentials. Dave Fratantoni and Webb Research have a program off Bermuda to test an array of three Slocum gliders later this year. Glider sensors are powered by batteries and are thus limited to low power sensors that have good long-term performance. Gliders are small (see viewgraphs), but don't necessarily need to be small. They have lifetimes from a month or so (electrically powered) to up to 5 years (environmentally powered), in theory. They can move at 30 to 40 cm/sec speed through the water. 

Glider strengths are endurance and profiling ability, which allows for RF telemetry when at the surface. Small size and low cost are potential strengths. Weaknesses include low power available for sensors, 1500 m depth limit at present, and modest speed to counter currents or to provide synoptic sampling.

c. AUVs

AUVs like the Autosub have the potential to perform more detailed, complex surveys of broad spatial areas than gliding AUVs. They have the range and power to support sophisticated sensors like side scan sonars and ADCPs and can survey an area relatively quickly. They are also much more expensive than gliders and less likely to be used in a completely autonomous mode or in large groups. They perform a role that is complimentary to gliding AUVs. Other AUVs in this class are the Hugin (though it is designed primarily to survey beneath a ship), the long range Bluefin AUVs, which are an outgrowth of the MIT Odyssey vehicle, and the FAU AUV, among others. Commercial AUVs are just now becoming available. 

AUV strengths are their ability to carry high power sensors and to cover a lot of ground in a short time. Weaknesses are cost and complexity, battery limitations that limit range, and shipboard handling. They usually need a trained staff to operate. Depth limits vary from full ocean to a few hundred meters.

Small AUVs such as REMUS are less expensive and easier to use, but have limited range and depth capabilities. They are probably less suited to the S2O2 spatial scale than large AUVs, however for particular processes, they may be ideal. Obviously, the AUV area is changing rapidly and cheaper and more capable vehicles are on the way. If low cost fuel cells become available, AUVs will become even more useful to science.

d. Profiling Floats

Thousands of profiling floats are planned for use in the ARGO program to measure the temperature and salinity of the upper 1000m of the water column and currents at 1000m. These floats are free drifting and profile on a schedule. They report their data back via Argos. They are electrically powered, typically surfacing every 10 days or so and they last for 2 or 3 years.

e. Observatory Designs

i) Cabled Observatories

1. Neptune- The most ambitious of the planned cabled observatories, it is proposing to install 2000 miles of fiber optic cable connecting many parts of the Juan de Fuca Plate with the Washington Coast. The overall plan calls for a long-term (30 year life) connection to 30 nodes on the seafloor with high-speed data connections to all sites. Power would also be delivered to all nodes to power sensor systems. Overall data rates are in the 100s of Mbits/s and overall power is in the 100 KW range. Total cost is estimated at $100 to $150 M with annual costs of 10 % or so of those numbers. Science plans include Particulate Fluxes, Seismology and Geodynamics, Seafloor Hydrogeology and Biogeochemistry, Ridge Crest Processes, Subduction Processes, Deep Sea Ecology, and Water Column Processes.

2. H2O- This is an observatory with a single node in the middle of the Pacific between Hawaii and Santa Barbara. It uses an abandoned copper telephone cable that has been recovered in the middle and had a junction box spliced in. The junction box provides power and bandwidth to a small number of sensors (broadband seismometer, geophone, hydrophone, and pressure sensor) and a shore station in Hawaii receives the data feed. 

3. TCP-3 Observatory- Japanese version of H20 using abandoned telephone cable between Guam and Japan.

ii) Bottom Observatories

1. DOMEST Project- Combines acoustic links and Orbcomm links to provide bi-directional access to sensors on the ocean bottom. University of Bremen is the developer. 

iii) Buoy Observatories

1. BTM is one example on a small scale

2. TOGA/TAO array is the best known example. 

3. DEOS- WHOI and SIO did a design study for NSF on the feasibility of buoy-based observatories as an alternative or complement to Neptune style observatories. This study looked at a variety of options from large spar buoys to modest discus buoys. Data rates were measured in Mbytes per day and power levels up to KWs were discussed. Major drivers to the designs were the RF telemetry requirements, the power requirements at the seafloor and on the buoy, and the logistics costs. For long term sites (10 or more years) with high data and power requirements, medium sized spar buoys offer advantages in terms of durability and telemetry capacity. For shorter term sites with lower power/data requirements, discus buoys were advantageous. 

4. Acoustically Linked Observatories- The DEOS report also investigated the feasibility of acoustically linked observatories and found that discus moorings with acoustically linked sensor arrays were very cost effective at relatively low data rates. Power to seafloor sensors is not provided in this scenario. Acoustic link rates of 10-15,000 bits/s burst rates are feasible at modest power levels. This approach is compatible with the new Iridium RF telemetry capability.

f. Acoustic Telemetry Capabilities

Using modest power (10-15 watts) in the 10-20 kHz band it is possible to have highly reliable acoustic links in the vertical through the full water column. Equipment is becoming available from research labs and commercial sources for this gear. It is not yet routine and special care is needed to ensure that the equipment performs up to its capability. Issues are transducer type and location, error correction algorithms, modulation techniques and communications protocols as well as ambient noise. The horizontal case is more difficult and more case specific. Ranges of 10 km can be achieved with similar power, but data rates are typically a couple of orders of magnitude less and the time dependent behavior of the channel is more important. Leading sources for acoustic modems are WHOI, Benthos, Link-quest, and Orca. WHOI has a new acoustic modem that is capable of 5000 b/s in the vertical mode that is very small and inexpensive ($1000 plus transducers, batteries, etc.)

g. RF Telemetry Options for Ocean Observatories

While telemetry options in urban and rural areas have dramatically increased in recent years, this is less true for open ocean sites. However, there are still a confusing array of potential solutions- which I have tried to summarize below. 


A. Argos- 1 W, 1 Kbytes/day, $10/day


B. GOES- 20-40 W, 5 Kbytes/day, free


C. Inmarsat B- 300 W, 64 kbps, pointing antenna, $10/minute


D. Inmarsat M- 25 W, 2.4 kbps, directed antenna, $3/minute


E. Inmarsat C- 50-100 W, 600 bps, $.01/byte


F. Inmarsat D- 25 W, very short messages, $.01/byte


G. AMSAT- 10-50 W, 2.4 kbps, near US continent, $1.5/minute


H. Iridium**- 5 W, 2.4 kbps (to 10 kbps in near future), $1.5/minute


I. Globalstar*- 5 W, 9.6 kbps, $1.5/minute, coverage of most of N. Atlantic


J. Orbcomm*- 10-15 W, 2.4 kbps, short messages, $.015/byte


K. LOS spread spectrum- 5-10 W, 56 kbps, 20-mile range, free (or cell phone)


L. OTH HF- 50-100 W, 300 to 56 kbps, 100 mile + range, free, reliability is an issue


M. C-Band- few KW, 500 kbps, large directional antenna, low cost/byte


N. Spread spectrum C-Band (Viasat)^- 10 W, few bps, low cost/byte


O. Other LEOs- 10 W, 2.4-9.6 kbps, low capacity


P. Broadband^- few 10s of W, Mbps, directional antenna, low cost/byte

* These services have declared bankruptcy, but are still operating.

** Iridium declared bankruptcy, but was recently bought and has signed agreements with the DOD to operate for at least 2 years. 

^ Planned services. Note that broadband coverage may not extend  to deep ocean sites.
In my opinion the best options for medium rate telemetry from the S2O2 area are Iridium, Globalstar and Orbcomm. Low rate service using Argos or GOES is also a good option. A locally operated HF network is intriguing if real time data and control becomes widespread within the S2O2 array. However, setting up and maintaining an HF system would require some development as well as continuing operational efforts.

2. Autonomous Time Series Observations: Recent Progress And Future Visions*
Tommy D. Dickey
* This extended abstract was a contribution to the International Workshop on Autonomous Measurements of Biogeochemical Parameters in the Ocean, co-convenors: K. Harada and T. Dickey,  Honolulu, HI,  February 20-22, 2001and summarizes my presentation at the S2O2 Workshop in Bermuda,  March, 2001.
h. Introduction

Ocean observations have benefited from developments in instrumentation and technologies, which have led to major advances in ocean sciences (e.g., review by Dickey, 2001a).  Solutions of oceanographic problems involving global climate change are limited by undersampling, which also hampers model formulation.  There is a well-recognized need to massively increase the variety and quantity of ocean measurements.  Importantly, many innovative technologies involving computing, robotics, communications, space exploration, and physical, chemical, biomolecular, and biomedical research are being developed at unprecedented rates for a host of applications.  A challenge for observational oceanography is to efficiently capitalize on these developments.  In this paper, we 1) present a brief summary of the challenges of observing the ocean environment, 2) review some of the observing platforms and emerging sensors and systems which will be critical for comprehensive, interdisciplinary, autonomous in situ observations, 3) summarize recent breakthroughs enabled by autonomous sampling of the oceans, and 4) present a vision of future time series observations. 

i. Challenges to Ocean Observationalists 

It is vital to improve measurements of critical variables in order to distinguish natural from anthropogenic changes.  Virtually all important environmental problems require interdisciplinary approaches.  The requisite data should be collected simultaneously and span time and space scales to observe the relevant processes of interest.  For global problems, this requires that variability extending well over ten orders of magnitude in space, and much longer in time for climate problems, be encompassed.  The oceans are highly dynamic with large amplitude periodic and episodic variability at sub-seasonal time scales; this is especially confounding for quantifying long-term trends and changes.  Several bio-optical, chemical, geological, and acoustical variables can now be measured on the same time and space scales as physical variables; however many more are needed.

j. Platforms for Autonomous Sampling 

Interdisciplinary oceanographic programs are increasingly utilizing multi-platform, autonomous sampling approaches.  Observational assets include: mooring arrays, drifters, floats, autonomous underwater vehicles (AUVs), and satellites.  Many platforms can utilize physical, chemical, bio-optical, acoustical, and geophysical sensors or systems. Nesting of platforms can optimize utilization of these observational assets.  Two important aspects are near real-time data telemetry and data assimilation modeling. Examples of some of the platforms capable of autonomous (unmanned), in situ time series sampling are given below.
iv) Moorings and bottom tripods

Moored and bottom tripod mounted interdisciplinary measurement systems and sensors are being used to study environmental changes in the ocean on time scales from minutes to years. Interestingly, several diverse and often adverse oceanic regions have been studied using interdisciplinary moored systems.  These range from the equatorial Pacific to high latitude areas south of Iceland and in the Southern Ocean. Because of biofouling of sensors, useful data from moorings has often been limited to about 3-6 months in the open ocean and less in coastal waters; however, work is underway to mitigate this problem.  Moored systems have proven to be valuable in the research realm and need to be deployed in critical regions for studies of seasonal through decadal variability and longer term monitoring purposes.  High temporal resolution data will continue to be needed to minimize sampling induced uncertainties (via undersampling and aliasing).  Benthic processes may be studied and monitored using instrumentation deployed on bottom tripods. 

Novel uses of fixed-location platforms will evolve.  In particular, moored profilers (e.g., buoyancy or mechanically driven for the open ocean; wave-driven for the coastal zone) have been and can be used to for situations requiring high vertical resolution data. Increased bandwidth for telemetry of data should enable transmittal of multi-frequency acoustical and multi-wavelength optical as well as video data. 

v) Autonomous underwater vehicles (AUVs)

New technologies and concerted efforts have enabled the development of AUVs and three related types of unmanned oceanographic vehicles: untethered underwater vehicles (UUVs), autonomous surface vehicles (ASVs), and gliders (e.g., Dickey, 2001a). AUVs and UUVs are designed for a diverse set of activities in coastal or open ocean waters and can carry sensor payloads for specific applications.  AUVs are pre-programmed to perform sampling along specified track lines, to dock for downloading of data and recharging of batteries or fuel cells, and to key on specific oceanic cues (e.g., adaptive sampling based on temperature and chemical gradients).  ASVs operate similarly to AUVs, but are restricted to surface operations.   

Novel autonomous sampling platforms called gliders are the newest class of platforms being tested.  Gliders have design elements and attributes of both profiling floats and AUVs.  Gliders use buoyancy control to move vertically through the water column, but utilize wings and hydrodynamic shape to produce horizontal motion.  They are intended to perform with two sampling options: 1) performing long transects (e.g., up to 10,000 km) in a sawtooth pattern (down to 2000 m) and 2) as "virtual moorings" executing vertical profiles at fixed location. A key need for gliders as well as most other autonomous platforms is improved satellite data telemetry.  The use of gliders for carrying interdisciplinary sensors and systems will be more demanding than for some other platforms because of required precision of ballasting, hydrodynamic drag, and limited power. Creative uses of the vehicles will involve networking and informational feedback loops to guide sampling programs (in some areas involving predictive models) and responses to extreme natural and anthropogenic driven events.

k. Sensors and Systems 

More capable sensors and systems for oceanographic applications are resulting from 1) technology transfer, 2) support of projects devoted to development of relevant ocean technologies, and 3) formation of partnerships among academia, government laboratories, and private industry. One of the problems facing sensor and system developers and users is proper interpretation of the instruments' signals.  For this reason, testbed sampling programs, which utilize multiple platforms for intercomparisons and "groundtruthing", are critical elements for optimal utilization of ocean technologies (Dickey et al., 1998a, 2001).  In the discussion below, we focus on bio-optical and chemical sensors.  

vi) Optics and Bio-optics

Optics and bio-optics have gained increasing attention in part because of new technologies and the realization of their central importance to several ocean problems involving biological-optical-physical interactions (e.g., Dickey and Falkowski, 2001).  Applications and studies include: ocean primary productivity, upper ocean ecology, biogeochemical cycling, sediment resuspension, ocean pollution, and bio-optically modulated variability in upper ocean heating rates. 

Two operational classifications of bulk optical properties are most useful for the following discussion: inherent optical properties (IOPs) and apparent optical properties (AOPs).  IOPs depend only on the medium and are independent of the ambient light field.  AOPs are defined to be those properties, which depend on both the IOPs and the geometric structure of the subsurface ambient light field.    Instruments designed for underwater light observations are usually described as performing either IOP (e.g., spectral beam attenuation, absorption, and scattering coefficients) or AOP (e.g., spectral diffuse light attenuation coefficients) measurements (e.g., Dickey, 2001b). Until quite recently, direct in situ measurements of IOPs were generally limited to single wavelength (usually 660 nm) beam attenuation (660nm). However, recently developed instruments are capable of measuring light absorption, scattering, and attenuation at multiple wavelengths (from 9 to about 100 wavelengths).  Likewise measurements of diffuse light attenuation have increased spectral resolution, achieving resolutions of a few nanometers in the visible.   The power of these types of instruments lies in the ability to distinguish phytoplankton from detritus and dissolved materials and potentially phytoplankton (perhaps including harmful algae) at least by community groups.  

Estimation of primary productivity is an important goal and several different optical measurements have been used.  Examples include the use of chlorophyll fluorescence and photosynthetically available radiation (PAR) measurements in empirical models and more sophisticated measurements using "pump and probe" fluorometers (e.g., Dickey, 2001a; Dickey and Falkowski, 2001). The latter instruments have the advantage of providing information about biophysical parameters related to photosynthesis.  

An important of use of in situ optical measurements has been for groundtruthing and algorithm development of ocean color imagers (e.g., Dickey, 2001b).  In addition, variability of phytoplankton biomass and primary productivity and upper ocean radiant heating rates (and penetrative component of solar radiation) have been estimated using both in situ and remotely sensed data sets.  

vii) Chemistry

Recent topics of particular relevance to ocean chemistry include global warming due to the greenhouse effect, nutrients and their role in primary productivity and the biological pump (for transporting carbon to the deep sea), ocean pollution, and hydrothermal vents.  Natural and artificial chemical tracers are important tools for circulation, mixing, and dispersal studies.  A few of the important advances in chemical sensors and potential future applications are described below (see reviews by Tokar and Dickey, 2000; Varney, 2000).  

Moored serial water samplers are being developed and used to obtain discrete preserved samples periodically over the course of a few months to create chemical time series.  Similar systems have also been developed for drifters.  Trace metals, as well as macronutrients, can be analyzed using the water samples, because of improved laboratory analytical systems.  

In situ measurements have major advantages in sampling for ocean chemistry as these samples do not suffer degradation and are representative of the local environmental conditions at depth.  Several new sensors and systems are capable of making in situ time series measurements with sampling intervals of a few minutes and durations of months.  Some of the measurements include nitrate and other nutrients, dissolved oxygen, pCO2, pH, and alkalinity. Measurements utilize a variety of methods including polarigraphic electrodes, colorimetry (multiple reagents used for different analyses), and spectrophotometry.  Spectrophotometry takes advantage of long pathlength absorbance spectrometry enabled by using fiber optics liquid core waveguides.  Another promising type of sensor is the microelectromechanical system (MEMS).  MEMS is based on a relatively new technology, which is used for making, and combining miniaturized mechanical and electronic components out of silicon wafers using micro-machining.  MEMS have shown encouraging results for sensing physical parameters, but work is needed to realize their full potential for chemical sensing.  Most work with MEMS has been done in laboratories; however, transitioning to in situ applications seems feasible.  Potential advantages of MEMS include: auto-calibration, self-testing, digital compensation, small size, and economical production.

It should be noted that some chemical sensors and analyzers have been successfully deployed from moorings, drifters, and AUVs.  Real-time and near real-time telemetry of chemical variables has also been demonstrated and there are a few examples of actually modifying sampling (gain changes, etc.) using two-way or duplex data telemetry systems. The importance of atmospheric input of dust and aerosols into the ocean has been recognized recently (e.g., role of iron fertilization).  Samplers for dust and aerosols are being developed for deployment from surface buoys to avoid land contamination.  There is a need for increasing capabilities of sampling broader suites of chemicals autonomously.  Applications to problems of pollution, with diverse chemical species of concern (e.g., PCBs, DDT, toxic metals, etc.), will be quite demanding.  It is expected that chemical sensors rather than analyzers will be preferable, if not required, for some platforms.  

l. Breakthroughs Enabled by Autonomous Sampling 

The seasonal cycles of phytoplankton and zooplankton at temperate to high latitudes have been of interest to biological oceanographers since the 1920's. Recently, high temporal resolution sampling of physical, chemical, and bio-optical variables has increased our knowledge of the seasonal cycle of physical-biological-optical interactions which has been shown to be affected by short-lived episodic and mesoscale phenomena (e.g., Dickey et al., 1998a, 2001). Further, short time scale variations in phytoplankton populations are caused by passages of clouds and the diel solar cycle.  In addition, short-lived blooms and busts (cessations of blooms) are especially evident in the springtime when shallow mixed layers are often formed and then erased because of wind events (e.g., Dickey et al., 1998a). In particular, a set of observations in the open ocean south of Iceland (Dickey et al., 1994) showed that even modest near-surface stratification, preceding formation of the seasonal thermocline, can be sufficient to initiate shallow phytoplankton blooms which can in turn intensify near surface heating rates and stratification.  These types of observations and sequences of ocean color observations from space suggest that the integrated effect of the phytoplankton seasonal cycle and its poleward march are built on many cumulative events driven by short time and space scale forcing as well as the periodic seasonal solar insolation. 

Energetic mesoscale features (e.g., fronts, eddies, and rings) further complicate a simple seasonal description and modeling of phytoplankton.  In particular, eddies can introduce nutrient-rich waters into the euphotic layer where they can drive phytoplankton productivity.   In the Sargasso Sea the influence of eddies on new production, (i.e., the fraction of total primary production in surface waters fueled by externally supplied nutrients), is well documented (McGillicuddy et al., 1998; McNeil et al., 1999).  

The seasonal cycle of bio-optical properties of the coastal ocean has been observed to follow a pattern similar to that of the open ocean by several studies (e.g., Chang and Dickey, 2001).  However, the coastal environment is far more complex because of several factors such as terrigenous input of materials as described earlier, bottom boundary layer effects, resuspension of bottom materials, greater roles of tides and internal solitary waves, topographically related fronts, and water mass intrusions (e.g., from impinging eddies).  In addition, major events such as hurricanes can rapidly modify the ecosystem and optical properties (e.g., Dickey et al., 1998a, 2001). It is interesting to note that bottom sediments were suspended more than 30 m above the ocean bottom (~70 m depth) during the passage of Hurricane Edouard at a mooring site located ~110 km south of Cape Cod, Massachusetts (Chang and Dickey, 1999).  A time series of spectral absorption of light was also developed using high temporal resolution data from the site in order to partition contributions by phytoplankton, detritus, and colored dissolved matter.

In the central Arabian Sea, the seasonal physical cycle associated with the northeast (NE) and southwest (SW) monsoons is correlated with bio-optical properties of the ocean (Dickey et al, 1998b).  The seasonal physical forcing features two mixed layer deepening and shoaling cycles per year.  A half-yearly cycle in chlorophyll a (Figure 9.8) is an important feature with seasonal blooms occurring late in each monsoon season and into the respective intermonsoon periods; the depth integrated chlorophyll a tracks the 1% light level.  Mesoscale eddies play roughly equal roles in the evolution of chlorophyll a at the observational site.   One of the most remarkable results of the Arabian Sea work is the rapid deposition of surface organic material to the deep sea (>2000m) as verified by concurrent bio-optical data (computed primary production) and materials found in serial sampling sediment traps.

Finally, the physical dynamics of the equatorial Pacific have become increasingly well understood over the past decade in large part because of the measurements made from the Tropical Atmosphere Ocean (TAO) mooring array.  Only a few biological observations of chlorophyll and primary productivity were made each year prior to 1988.  However, bio-optical instruments were added to the TAO physical mooring at 0°, 140°W for an eighteen-month period in 1992 and 1993 (Foley et al., 1998).  The sampling period spanned both El Niño and "normal" phases.  During the El Niño, the mixed layer, the thermocline, and a very weak equatorial undercurrent were very deep and Kelvin waves propagated eastward past the site.  Importantly, westward propagating tropical instability waves (TIWs with periods of ~20 days) contributed to large vertical upwelling cycles.  Strong, though highly complex, coupling is evident between the physical processes (El Niño, Kelvin waves, and TIWs) and the phytoplankton biomass and primary productivity.

m. Toward the Future 

Important challenges remain for ocean observationalists.  AUVs are still power limited, requiring fuel cell advances.  Biofouling of many sensors is problematic for longer duration sampling. Many of the new sensors, systems, and platforms are presently in developmental phases or in the hands of only a few researchers.  Interpretation of many of the signals will require intensive cross-sampling and inter-calibrations.  

Importantly, new instruments and platforms must be transitioned to the commercial sector for widespread use.  Technology is moving so rapidly that many of the measurement systems will become obsolete quite quickly; however, continuity of standardized and well-calibrated measurements must be hallmarks of ocean observing systems intended to quantify long-term change. One possible benefit of advanced technologies may well be simpler sampling systems (e.g., "chip-based" sensors with automated data processing), which could benefit oceanographic programs regardless of present technical capabilities and skill levels. 

There is need to move toward 3-dimensional time series in order to properly interpret and model key processes.  This will entail utilization of arrays of moorings, AUVs, gliders, drifters, and floats along with satellites.  Real-time or near real-time collection, telemetry, and utilization of data is becoming a central theme of oceanography.  Models will be critical for both synthesis and prediction.  

Perhaps the most important message is that the oceanographic community has never been in such a strong position to make major advances, largely because of the growing technological capabilities and society's growing interest in the ocean environment. The successful development of a Global Ocean Observing System, which will be of great utility for a multiplicity of purposes, will require the optimal utilization of the technologies described here.  
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S202 Collaborations and Resources (Chair - Maureen H. Conte)

The charge of this session was to address the following questions: How can we improve/extend collaborations and synergies? How can we make optimize use of present day resources including the various platforms (e.g. concurrent regional time series, ships, moorings, towers, floats, AUVs, and remote sensing) to maximize science? How can we maximize the use of collective S2O2 data sets and modeling?

Participants agreed that S202:

· IS NOT a science plan

· IS a collaboration formed to better coordinate and facilitate linkages among researchers for optimal use of resources and infrastructure so as to produce better science

· IS integrated science supported and enhanced by sustained time-series observations (Hydrostation S, OFP, BATS, BTM, WATOX/AEROCE/post AEROCE, Oleander, CARIACO BASIN, CaTS)

· IS uniquely multiplatform (ships, moorings, towers, drifters, AUV, remote sensing) and  multiscale (timescales of days to decades, site specific to large regional space scales)

The attendees were asked to comment and provide recommendations on the following topics to foster "Collaboration, Cooperation and Coordination" within the S202 community and to maximize scientific achievements:

1. How can we facilitate interactions among researchers from the planning to data use stages?

· We need to know what data exists already, even in the science planning stages.

Steinberg/Knap commented that BATS attempted to collate the wealth of information out there but their SMP proposal was hammered in the review stage as "no new science" L. Clark commented that a goal of OCEAN.US is to collate data; NOPP is a good starting place as they are supporting development of Data Ocean Distribution System (DODS). Other comments were that development of this kind of multidisciplinary database could be a "testbed" for incorporation and structuring of different data types, but first we need to know what data exists. There was consensus that "We must synthesize the past to improve the future" but we need infrastructure support to do this. 

· More effective communication about existing ship and other research platform science plans so as to enhance collaborations and research opportunities for students and other scientists.

Current opportunities which exist for ship -based studies especially are not well-known, for example some new ships of opportunity can support a number of studies. Zhang commented that if more ships were fitted with CTD and ADCP, for example, then we could understand the Gulf Stream recirculation much better. LEO-15 format on their WEB site is a good model for this. A suggestion was made that we might consider focused S202 cruises if appropriate.

· Expand WEB site to consolidate and disseminate information 

A multi-task WEB site for S202 can provide a conduit for many kinds of information. The different databases which exist currently could be links on the S202 site. Comments that some important data like AEROCE data isn't yet available as a WEB link, but that it takes funding and expertise to manage these WEB sites which the individual researchers might not have available. Comments that there isn't much incentive for a PI to divert limited research funds to develop and maintain a WEB database. 

A S202 WEB site exists at BBSR but expansion will take new funding. BBSR can not currently handle data-intensive products such as movies due to band-width limitations, but these could be links rather than on the site

2. How do we improve and extend collaborations within S202?

· Encourage wider participation by all scientists conducting studies in the region

Lida Dilling commented that "S202" is not recognizable. Discussion on name change. People liked S202, but thought it should be Sargasso Observatory or Sargasso Sea Ocean/Atmosphere Observatory to better reflect the atmospheric component. We could encourage active participation of scientists not currently involved in S202 via the WEB, EOS article and AGU.

· Broaden dissemination of S202 information to oceanographic and atmospheric community. 

We need to use a variety of communication channels to promote better recognition of the value of time series research and justification of support for S2O2 activities. A more formal communications structure is essential, perhaps WEB centralized. A brochure would help identify S202 rationale and aims to government agencies, esp. the international components There was strong concensus to have a special session at AGU. Participants finally decided that Fall AGU would be better than Hawaii Ocean Sciences as the atmospheric people don't attend OS meetings. 

· Expand outreach to all community levels, including technical and education components

Some of the BATS education programs can be models for educational outreach activities. The role of "supertechs" and their contributions to T-S are too often forgotten. They are essential to sustain the T-S operations and to maintain the accuracy and consistency of the data. If the T-S are to have comparable data then intercalibration is essential.  S202 could support technical training and exchange to facilitate intercalibration and interactions among the Bermuda, CaTS and Cariaco time-series. 

3. How do we maintain and optimize use of present-day resources?

· Investigate way to provide a firmer support base for key non-ship infrastructure components of S202 like moorings and towers

A number of people expressed concerns that the major time-series research platforms were increasingly looked upon to provide essential data and infrastructure resources but that the non-ship platforms especially were seriously underfunded and have been experiencing eroding financial support. Church noted the AEROCE tower is currently without any stable research support and in jeopardy, yet ocean/atmosphere coupling studies is a major research focus, for example the Surface Ocean Lower Atmosphere Study (SOLAS)  recently endorsed by the IGBP.  Conte noted that programs like OFP, BTM and CARIACO BASIN were maintained on short funding cycles which made it extremely difficult to maintain continuity and keep the skilled personnel which are essential to these programs. Knap agreed to lead a proposal-writing effort to solicit support for the tower over the next 3 years.  Thereafter, it is expected that base support will be generated through SOLAS-related initiatives.  Knap cautioned that, if tower-operations were completely suspended and the facility removed, it would be virtually impossible to replace in light of current land-use policies on Bermuda.

· S202 should endorse major equipment purchases needed to support S202 infrastructure. 

The ocean research platforms are evolving beyond just ships yet there isn't anything equivalent to Shipboard Support proposals to fund the infrastructure, it falls all on the PI maintaining the platform. Frye noted how expensive it is to turn around the BTM mooring. Knap suggested we could develop an SRG proposal for S202 and respond to and Announcement of Opportunity next year.

· Advertise existing research opportunities on ships and other platforms to maximize science in this era of diminishing funding. 

· Utilize the infrastructure and the knowledge of scientists of the S2O2 programs to develop international training programs. S202 could provide small travel grants to facilitate this

Grad students and tech exchange are a great way to encourage interactions. Training programs would facilitate intercomparison of techniques and standardization of methods, common dataset formats  and development of additional, parallel time series stations by the international community

4. What elements are missing or poorly represented in S202 today?

· Transient tracers

· Surface ocean photochemistry

· NOAA trace gas-flask network 

· An active meteorology component: 

We need to build upon the WATOX/AEROCE atmospheric research. The atmospheric tie-ins to BATS and the other time series have been a weak link, which S202 could rectify. The dual atmospheric and ocean components of S2O2 make it ideally suited for SOLAS type research.

· Fisheries and nekton research, including Sargassum studies

· Marine life and biodiversity research

· Benthic and midwater research 

5. Specific Session Recommendations:

a. Hold a Special Session at fall AGU on S2O2 emphasizing integrated science to promulgate S2O2 to the community and encourage wider participation. 
b. Investigate funding sources (NOPP, OCEAN.US) for "data mining" of historical datasets and to support WEB based data dissemination activities

c. Advertise the "add-on" science opportunities which exist on current platforms (ships, mooring and tower) to graduate students and other researchers

d. Submit a proposal for infrastructure support for observatories and shared equipment. Knap agreed to take the lead in drafting a proposal for tower operations as the financial support for this facility is currently critical.

e. Expand educational component of S2O2. Investigate student support for exchange programs and research collaborations among S202 investigators

f. Hold regular S2O2 workshops (annually or biannually) to facilitate interactions among researchers

g. Host technical training sessions and encourage tech exchange among the Bermuda, Puerto Rico and Cariaco time-series 

h. Solicit agency support for an S2O2 office to help accomplish the above 

6. Specific WEB site Recommendations:

(1) Solicit specific input from S202 community to design more multi-facted WEB page contents to carry out the recommendations above

(2) Expand listings and links to relevant research and data. As starting point, obtain from S202 participants their current and projected research areas and databases, and the present availability of the data (published, WEB-based or other data formats), and how their program fits into other S202 research Aim to develop a common data portal or joint database for S2O2 time series stations.

(3) Post ship and research schedules for all platforms on the WEB so people know what opportunities are available

(4) Create a searchable WEB bibliography of research papers, esp. pre 1980s "gray" literature (e.g. government documents of Navy research off Bermuda).

(5) Expand future WEB links to include (near) real time data (e.g. met data), synthetic data products and model results (e.g. movie loops of model runs)

D. Central accomplishments of S2O2 (Chair - Nicholas R. Bates)

Rapporteur: Dr. Colm Sweeney, Lamont Doherty Earth Observatory

The session on central accomplishments of the Sargasso Sea Ocean/Atmosphere Observatory (S2O2) began with a brief review of the current atmospheric and ocean research elements in the region. These elements included “Ocean Physics” (Figure 1), “Atmospheric Processes and Air-Sea Exchange and Interaction” (Figure 2), and “Ocean Biology and Biogeochemistry” (Figure 3). Possible future elements are shown in Figure 4.

The central accomplishments of S2O2 were articulated with several questions.

1. Articulate accomplishments that can be achieved ONLY through the implementation of S2O2.

a. S2O2 provides the linkage and infrastructure for a network of atmospheric and oceanic studies that are focused on the Sargasso Sea region (i.e., western oligotrophic subtropical gyre). 

b. S2O2 also provides an overarching network and infrastructure for other connected regions (e.g., continental margin, Caribbean Sea, Tropical Atlantic). These regions have important links with the Sargasso Sea though atmospheric and oceanic pathways, transports, and feedbacks (examples include atmospheric dust inputs to the subtropical gyre; input of heat and materials to the gyre). S2O2 provides geographic “diversity” across this region (subtropical to tropical). 

c. S2O2 provides the infrastructure support for long term “sustained” time-series observations of atmospheric and ocean processes.

d. S2O2 will augment the pre-existing individual infrastructures that support atmospheric and oceanic research elements (e.g., Bermuda Testbed Mooring).

e. S2O2 provides logistical and infrastructure ease for technology, communications and observatory development. S2O2 will be a useful tool as a testbed for technology technology and groundtruthing. Provision of integrated data management and data products will improve integrated physical and biogeochemical observatory development. 

f. S2O2 provides the first vertical integration of research elements.

· satellite ( atmosphere ( sea surface ( upper ocean ( mid depth ( deep sea

g. S2O2 provides the “context” for understanding both time and space scales of variability in this region.

h. S2O2 provides a “rationale” for linkage between different atmospheric and oceanic research projects and facilitate new research in this region.

2. What are the specific science, technological and long term observation accomplishments that should be central accomplishments for S2O2. Important science related issues discussed in the session included:

a. SOLAS related research questions. SOLAS or Surface Ocean Lower Atmosphere Study is a new IGBP research program that is multidisciplinary in nature. Through field, synthesis and modeling efforts, SOLAS will focus on the processes controlling the exchange of properties (including carbon, sulfur, dust, trace metals, hydrocarbons, etc) between the ocean and atmosphere. The historical and present atmospheric and ocean research elements that comprise S2O2 provide unparalleled atmospheric and oceanic “context” for future SOLAS related research.

b. Establishment of important science questions that will be supported by the activities of S2O2.

1. Atmospheric transport and reactions of materials and air-sea interaction.

2. Photochemical processes in the marine boundary layer and surface ocean.

3. Exchange of gases and materials between the atmosphere and ocean.

4. Physical and climate variability (e.g., heat, mass and nutrient transports into the subtropical gyre through the Gulf Stream).

5. Relationships between physical and biogeochemical processes and modes of climate variability such as North Atlantic Oscillation (NAO) and El Niño-Southern Oscillation (ENSO).

6. Mesoscale eddy and sub-mesoscale variability and the impact on ocean biogeochemistry.

7. “Ecological and Biocomplexity” issues, including the physical and biological causes and feedbacks underlying oligotrophy, N2 fixation, and community structure of the subtropical gyre. The use of environmental genomics will allow study of community interactions.

8. Deep Sea biology.

3. What are the specific science, technological and long term observation accomplishments that should be central accomplishments for S2O2? Important technological issues discussed in the session included:

a. “Opportunistic” measurement program which is reactive specific sampling or science needs. Rapid response program.

b. Testbed for technology development with time and space resolution.

1. Time: For example, BTM for testing of oceanic mooring chemical and biological sensors. AEROCE tower for testing of atmospheric sampling and analysis systems.

2. Space: For example, technology development for Volunteer Observation Ships (VOS) such as the Oleander that transit across the region. These could include development of systems for measuring seawater pCO2. The Weatherbird II can be used for technology development including such systems as drifters (e.g., ARGO floats, seawater pCO2 buoys) and AUVS, gliders, etc…

c. Support for data driven modeling. This will be an interactive process improving ocean and atmospheric models (including, merging of observation and models, synthesis, hindcasting, now casting, real time models, etc)

d. Optimization of discrete sampling with model output.

4. What are the specific contributions we can make now or in the future to the international observing efforts? Discussion related to this issue focused on the integration of observing systems.

a. S2O2 provides continuity for observing efforts.

b. S2O2 provides a pilot atmosphere/ocean observatory. It is a “regional earth systems” integrated observatory. For example:
1. There are links to other projects such as tropospheric dust deposition (aerosol) and S2O2 projects.

2. Deposition fluxes are need to develop models which can then be turned around to predict where deposition will happen.

5. What should be our immediate steps next steps towards realizing accomplishments.

a. Present and anticipated future accomplishments of S2O2 should be promoted through a central web site that is linked to national and international programs (e.g., IGBP, SOLAS, JGOFS, GLOBEC, GOOS, etc…). Present and future objectives should be highlighted and publicized.

b. Information dissemination about S2O2 (for example, sessions, presentations and information meetings at the next AGU and Ocean science meetings).

c. Briefing to federal funding agencies and international organizations should be undertaken. For example;

1. National and international funding organizations 

2. Briefings for SOLAS and GOOS programs

3. Briefings for the NSF steering committee

4. Briefings for the U.S. Carbon Cycle group

d. Atmospheric and oceanic data inventory should be compiled.

e. Planning for implementation should be explored with the “NOPP” program.

Figure 1. Ocean physics related research elements relevant to S2O2. Acronyms and research programs are listed in the following figures: AEROCE, Atmospheric Sampling program; ARGO, ARGO float program; BATS, Bermuda Atlantic Time-Series Study; BBOP, Bermuda Bio-Optical Program; BTM, Bermuda Testbed Mooring; BWS, Bermuda Weather Service; CARIACO, Venezuela basin ocean time-series; CATS, Caribbean Atlantic Time-series; EL, Ekman Layer; MITESS, Trace metal sampling program; NBST, Neutrally Buoyant Sediment Traps; OFP, Ocean Flux Program, STMW, Subtropical Mode Water, SUW, Subtropical Underwater

Figure 2. Atmosphere related research elements relevant to S2O2.

Figure 3. Ocean biology and biogeochemistry related research elements relevant to S2O2.

Figure 4. Present and future research elements relevant to S2O2.

E. S2O2 Organization  (Chair - Thomas M. Church)

Rapporteur: Edward A. Boyle (MIT)

3. Objectives

1. How should S2O2 be organized?

2. Should there be an executive committee?

3. Should subcommittees be formed to advance the efforts identified as critical. (e.g. technology/facilities, education/outreach, modeling/data assimilation, data feedbacks within and without S2O2, etc?).

4. Do we need a charter?

5. What should be our immediate next steps in terms of organization?

4. How Should S2O2 be Organized? 

1. Co-chairs:   Dennis Hansell and Dennis McGillicuddy.  Two to three year rotations.

2. Executive Committee:  Chairs of critically targeted subcommittees.

3. Critically Targeted Subcommittees:  Chairs and Nominees

a. Facilities/ Platforms/Technology:  Chair: Maureen Conte.  Others:  Tommy Dickey, Tom Rossby, Bill Keene, Hal Maring, other atmospheric chemists (Alex Pzenny?), Oscar Scofield, Glen? (suggested by Norm Nelson), Mike Lomas.  Need to prioritize platforms.

b. Technology, Sensors and Systems (including underwater remote sensing): Chair: Tommy Dickey. Co-chair: Dan Frey. Steve Giovannoni,  Ed Boyle, others?

c. Modeling/Data Assimilation:  Chair:  Dennis McGuillicuddy.  Scott Doney, Rod Armstrong, Bill Keene, other atmospheric scientists.

d. Data Management:  Past, present and future:  Chair:  Rod Johnson. Norm Nelson.

e. Education and Outreach:  Chair:  Debbie Steinberg. Craig Carlson.

f. Remote Sensing:  Chair:  Norm Nelson. Petra Stegeman, Jim Yoder, Frank Muller-Karger.

g. Crosscutting interactions:  Climate scale and variability. Integration across space and time scales. Chair:  Molly Baringer. Jim Galloway, Bill Keene, Nick Bates, Colm Sweeny.

h. Links to Global Programs and International Cooperation:  Chair:  Tony Knap.  Rik Wanninkhof, Jorge Capella.

i. Coordination of parallel research activities:  Pro-active responses to events and parallel sampling).  Chair:  Nick Bates. Tony Michaels,  Tom Church, other working scientists at government labs, e.g. NASA and SEAWIFS.

4. Charter and Blue Print/Organizational Chart 
(to be drafted by Tony Knap and Tom Church, using UNOLS as an example).

Questions:  

a. What is S2O2 going to do, how it is going to accomplish it, and why it needs to exist?  

b. Who constitutes the membership and guidelines for arriving at a list?  (e.g. any individual actively involved or interested in doing Sargasso Sea research?)  

c. Type and frequency of meetings considered (e.g. annual/bi-annual, data workshops, etc).  

d. Constitution of a Project Office and staff, plus Web site construction/format (e.g. hot links to active data archives?).

5. Immediate Stages for Organizing 

n. What

1. Chair of meeting sessions to write report (e.g. participants to contribute summary figures/photos as appropriate).  Meeting report to be posted on Web site and available in hard copy.  Optional contribution of Powerpoint slides (e.g. Dickey mosaic slide).  All due 1 April to Dennis. 

2. Everyone submits material to Christine for posting on Web site as appropriate. 

3. Name change to Sargasso Observatory, to be more inclusive?  Possible subscripts include an integrated ocean/atmosphere/climate observatory?

4. Write proposal for infrastructure to take advantage of new NSF organization, including MRE initiative for funding of earth observatories (too soon without approved budget line?).

o. How
1. Presentation of essential elements to Federal program managers in DC (NSF, ONR NOPP, DOE, NOAA, NASA).

2. Sponsor professional sessions or town meetings (e.g. Fall 2001 AGU).

3. Schedule next S2O2 meeting, perhaps in conjunction with above.

4. Organize joint cruises, or at least posting cruises of opportunity with berths in the Sargasso (e.g. Hansell Bda triangle,  Florida Straights quarterly,  Bda -Puerto Rico transects,  BATSVAL).

5. EOS publication as illustrated feature, or at least S2O2 meeting report. 

Schedule:
1 April, meeting reports due, include personal science summary and answers to 
questions.


1 May, final meeting report.

APPENDICES

Appendix A

Element Statements

Hydrostation S

Nick Bates

BBSR
Begun in 1954 by Henry Stommel, it comprises biweekly profiles of temperature, salinity and oxygen. The site is 26 km SE of Bermuda. The data produced in this 46 year old program are used extensively by physical oceanographers and climate-change scientists. The Hydrostation  "S" program is funded by NSF as a contribution to the World Ocean Circulation Experiment (WOCE). PI Knap (BBSR). Data and information are available at the Hydrostation "S" web site.

Ocean Flux Program

Maureen Conte

WHOI

The OFP sediment trap time-series, now in its 23rd year, is the longest time-series of its kind in existence. The OFP mooring is located about 75 km SW of Bermuda at 31o 50' N, 64o 10' W. Water depth is 4500 m. The mooring configuration currently consists of 0.5 m2 Parflux traps at 500, 1500 and 3200 m depth. The sampling resolution was bimonthly from 1978-1984 and has been biweekly since 1984. 

The OFP has generated an unparalleled record of secular changes in material fluxes to the deep ocean, and of the linkage between particle flux and upper ocean processes. The OFP record remains one of the main pieces of evidence for temporal variability in ecosystem functioning and in the workings of the "biological pump". The record is now becoming long enough to begin to identify multiyear trends and periodicities in both the magnitude and composition of the material flux and to directly link these to variations in the North Atlantic climate system.

Major results of the 20+ year OFP time-series have been described in detail in Conte et al. (Deep-Sea Res. II 48: 1471-1505, 2001), which also provides a bibliography of published OFP research papers current to 1998. In addition to research carried at as part of the OFP, the program provides sample material and data to collaborators for a wide range of investigations, and also provides shipboard opportunities to students and the scientific community. The OFP data is available, subject to a fair use policy, from the OFP WEB site (http://www.whoi.edu/science/MCG/ofp).

The S202 workshop presentation emphasized the synergy between the OFP and other Bermuda research programs and data (e.g. BATS, BTM and the NOAA-NCEP) to illustrate how collaborative and multidisciplinary  research, such as that promulgated by S202, is a necessity if we are to truly understand and predict how climate patterns and upper ocean processes act to control material fluxes to the ocean's interior. The major take-home messages of the presentation were:

· Through the co-existence of other major T-S programs in the Bermuda area over the last decade, we are beginning to identify causal linkages short-term physical and biological forcing at the sea surface and deep ocean fluxes

Persistent high-frequency variability in the OFP record indicates that important interactions between upper ocean forcing and flux generation processes occur on time-scales of days-weeks. The co-existence of the BATS and BTM records makes it clear that export flux can be largely decoupled to primary production on these time-scales and that other physical (e.g. synoptic scale weather patterns, eddies) and biological (e.g. episodic phyto- and zooplankton blooms) processes also can exert a major influence on flux magnitude and composition. On annual and longer timescales, there also appears to be a direct influence of the NAO on deep ocean fluxes, although we do not currently have a good handle on the causal linkage(s). 

· The OFP deep-ocean moored sediment traps are an ideal, cost-effective sampling tool for long-term observation of ocean functioning, because they uniquely can provide continuous and mesoscale-integrated data over time-scales ranging from weeks-decades.

Deep moored traps have several advantages for long-term Ocean Observing Systems (OOS). Unlike direct ship-based measurements and surface moorings, deep moored traps continuously sample material which originates within a large, mesocale area of surface ocean. Furthermore, the recovered material contains trace chemical and microscopic signals of material sources (both natural and anthropogenic), upper ocean ecosystem structure, climatic conditions (e.g. aeolian inputs) and flux remineralization processes. Trap material can now readily be analyzed for a broad range of trace components, which allows us to generate a multiproxy time-series record of present day ocean functioning. 

· Anticipated future products and benefits of better coordination of OFP and other research programs through S202 include.

(1) A more quantitative understanding of how changes in ocean functioning driven by climatic forcing will affect material fluxes and ocean biogeochemical cycles (e.g. the nutrient content of intermediate waters, the "length-scale of remineralization" of different chemical species, food availability to deep-dwelling biota, removal of anthropogenic species). 

The co-generation and synthesis of upper ocean and deep flux records is essential to the rigorous development of trace organic and inorganic constituents as proxy indicators of present and past ocean functioning.

(2) Greater exploitation of the OFP flux record to assess variations in ocean functioning for long-term Ocean Observing Systems 
The OFP record can be considered as a modern-day Sargasso Sea "sediment core" which differs from the underlying sediments primarily in its timescale of resolution. The "deciphering" of the multidimensional OFP flux record in terms of upper ocean functioning is rudimentary at present but expanded efforts will lead to a better understanding of how the ocean responds to climate variability on a number of time-scales.

(3) New applications of the OFP record for development of ocean biogeochemical models

Because it is both continuous and mesoscale, the "deciphered" OFP record is ideally suited to groundtruth models and evaluate their predictive ability.

(4) Expanded utilization of the OFP mooring platform for mesopelagic and bathypelagic research 

The addition of chemical sensor and acoustic packages, "smart" water samplers, experimental chambers, etc., to the mooring could provide fresh, new insights into flux and remineralization processes in the mesopelagic and deep ocean. We have not really taken advantage of the OFP mooring as a platform for add-on science which complements the OFP's mission. 

Bermuda Atlantic Time-series Study (BATS)

Tony Knap

BBSR
Begun in 1988 as a part of the US Joint Global Ocean Flux Study (JGOFS) program. Designed to understand the causes of seasonal and interannual variability in ocean biogeochemistry. Monthly occupations of the WBII at the BATS site; biweekly occupations during the spring bloom; additional cruises designed to assess spatial variability around the BATS site. The site is 85 km SE of Bermuda. Collected data are made available for research and educational purposes via the World Wide Web. PI’s Knap, Bates, Carlson, Steinberg.  Data and information are available at BATS web site.

Bermuda Testbed Mooring Program

Tommy Dickey

UCSB

Santa Barbara, CA
The Bermuda Testbed Mooring (BTM) program provides the oceanographic community with a deep-water platform for testing new instrumentation. Scientific studies also utilize data collected from the BTM, particularly in conjunction with the U.S. JGOFS Bermuda Atlantic Time-series Study (BATS) program.  Additionally, the BTM has been used for groundtruthing of satellite ocean color imager (SeaWiFS) data. The mooring is located about 80 km southeast of Bermuda.  Surface instruments have collected meteorological and spectral radiometric data from the buoy tower and measurements at depth have included: currents, temperature, bio-optical, chemical, and acoustical variables. The BTM captures a full dynamic range of oceanic variability (minutes to years). Key results include:

1. Data obtained during passages of cold-core eddies have been used to estimate the role of such features on new production and carbon flux to the deep ocean. One of the observed features contained the greatest values of chlorophyll observed during the decade of observations at the site (based on BATS historical data base).  The measurements provide high frequency, long-term data, which can be used for a) detailed studies of a variety of physical, chemical, bio-optical, and ecological processes on time scales from minutes to years, b) contextual information for many other observations made near the BTM/BATS sites, c) evaluation of undersampling/aliasing effects, and d) developing/testing models.

2. The dynamics of the upper ocean have been observed during transient re-stratification events and during passages of hurricanes and other intense storms.  These observations are unique and the subject of ongoing modeling efforts.

3. BTM papers have provided new insights concerning bio-optical variability on short (minutes to day) time scales and have proven valuable for ocean color satellite groundtruthing.

4. During the BTM project, several new sensors and systems have been tested by U.S. and international groups.  These include new measurements of pCO2, dissolved oxygen, nitrate, trace elements, several spectral inherent and apparent optical properties, 14C for primary production, and currents.

5. Results of intercomparisons of currents obtained by three different instruments (VMCM, ADCP, and a new acoustic current meter) have been published.  Intercomparisons have also been made with nearby proto-type moored profiling systems.

6. Newly developed and tested spectral optical systems were successfully transitioned for coastal studies.

New measurement systems and scientific results from the BTM project are leading to improved sampling relevant to global biogeochemical cycling and climate change as well as to improved predictive modeling in these areas along with air-sea interaction and hurricanes.  The BTM program is developing infrastructure for the oceanographic community, particularly for new measurements from moorings, drifters, floats, autonomous underwater vehicles, and gliders.  It has also been used for the education of several undergraduate students (6), graduate students (3 M.S. and 1 Ph.D. degrees granted) and post-doctoral fellows (3).  In addition, over 200 UCSB undergraduates annually receive instruction based in part on the BTM activity.  BTM data are available within 4 months of mooring recovery through the UCSB OPL web site (www.opl.ucsb.edu/btm.html) and via CD-ROMs.   BTM refereed publications number over 30.

The Bermuda Bio-Optics Project

Norm Nelson, Dave Siegel.

UCSB

The Bermuda Bio-Optics Project (BBOP) explores the relationship between light and upper ocean biogeochemistry at an open ocean site near the island of  Bermuda. This site is occupied approximately 16 times a year as part of the Bermuda Atlantic Time Series,  BATS, an ocean time-series study which is part of the  Joint Global Flux Study, NSF Ocean Science's program to evaluate the ocean's role as a sink for anthropogenic CO2.

BBOP itself is funded by NASA's SIMBIOS program. Our goal is to evaluate the role of light in the cycling of carbon, nitrogen, silica, phosphorous and sulfur in the upper ocean and to assess our ability to study these processes using satellite ocean color sensors (e.g., SeaWiFS). To this end, BBOP is a contributor to the SeaBASS data base.

Our profiling spectroradiometry system is deployed during each BATS cruise. These data provide the "optical link" between the BATS biogeochemistry measurements and the SeaWiFS ocean color imagery. We have established a full-time satellite acquisition and analysis project at the Bermuda Biological Station, in which we use ocean color and other satellite imagery to extend the BBOP time-series observations throughout the North Atlantic basin.

BBOP Profiling System:

· Ed(z,l) – Satlantic SPMR/SMSR free-fall profiler (325, 340, 380 412, 443, 490, 520, 555, 565, 665 and 683 nm)

· Lu(z,l) - Satlantic SPMR (325, 340, 380 412, 443, 490, 520, 555, 565, 665 and 683 nm)

· chl-fl(z) - WETLabs WetStar chl-fluorometer

· T(z), S(z) – Ocean Sensors temp & conductivity sensors

Other BBOP Measurements:

· Rrs(0+,l) – ASD FieldSpec Radiometer (350-1000 nm, Labsphere Spectralon plaque for normalization)

· ap(l), aph(l) & ad(l) in vivo from bottle samples – P-E Lambda 18 spectrophotometer using QFT technique (300 to 800 nm) - started July 1994 

· acdom(l) from bottle samples - spectrophotometer, 0.1m quartz cuvettes (250 to 350 nm) - since April 1994 

· chl-a(z) & pheo(z) - Turner fluorometry for next day submission to SeaBASS - started January 1994

· HPLC, PP, POC, PON, NUTS, etc. - JGOFS BATS

BBOP Data Access

Quality controlled processed data available through the Web site http://www.icess.ucsb.edu/bbop/bbop.html or through the GSFC SIMBIOS SeaBASS archive http://seabass.gsfc.nasa.gov/.

Present/Future Directions:   

Assessment of UV radiation 

· CDOM dynamics (bleaching)

· Photochem. & Photobiol.

Algorithm development 

· CDOM, Chl a (improvements)

· Phytoplankton community 
CARIACO and the S2O2: A path to understanding basin-scale variability recorded in Cariaco Basin sediments?

F. E. Muller-Karger, R. Varela, R. Thunell, M. Scranton, G. Taylor, and R. Weisberg

The Cariaco Basin (Figure 1) is a 1,400-m deep depression on the continental shelf off Venezuela which is openly connected to the surface Atlantic Ocean above a shallow (~100 m) sill, but which is permanently anoxic below approximately 275 m. This basin has served biogeochemists for over 40 years in the construction of stoichiometric models of organic matter remineralization, development of residence-time and box models, and in the study of metallic sulfides, among many other organic matter remineralization and redox-sensitive process studies. More recently, the scientific community has come to appreciate the Cariaco Basin as an exceptional archive of past global climate change. The varved sediment at the bottom of the Cariaco Basin contains a high temporal resolution record that covers time scales ranging from months to over 600,000 years.

Varve formation in the Cariaco Basin responds to large-scale ocean-atmosphere processes. The annual climate cycle (wind strength and precipitation) in the Cariaco Basin is driven primarily by seasonal changes in the latitudinal position of the intertropical convergence zone (ITCZ). Further, Cariaco is located within the region of the tropical Atlantic that is alternately affected by North and South Atlantic water masses, depending on season and possibly climatic conditions. On interannual to decadal time scales, sea surface temperature and other hydrographic variables in the Cariaco Basin change due to forcing associated with these processes as well as ENSO, the Atlantic thermal dipole and salinity anomalies in the North Atlantic, variations in North Atlantic Deep Water formation, and possibly gyre velocity fluctuations.

In order to fully exploit the climate archive preserved in the Cariaco Basin we need a clear understanding of how the particulate material produced in surface waters is altered both in the water column and on the sea floor. The straightforward interpretation of the organic content of the sediments is that it reflects the magnitude of primary production of surface waters. In Cariaco this is a function of the intensity of upwelling, and therefore it has been inferred that the strength of the Trade Wind plays a key role in determining organic carbon flux. However, water column characteristics such as variations in community structure, anoxic remineralization, and chemoautotrophy at the oxic-anoxic boundary may affect the relationship of the vertical flux of particulate organic carbon to surface primary productivity. In addition, there may be processes other than wind-driven coastal upwelling that lead to nutrient supply for phytoplankton along this continental margin.

In November 1995, we started the CARIACO (CArbon Retention In A Colored Ocean) program to conduct a systematic study of the carbon cycle of the Cariaco Basin at 10(30’ N, 64(40’ W. Support was provided by NSF and the Venezuelan CONICIT. The time series has focused on quantifying the relationship between hydrography, primary productivity, remineralization, and sediment fluxes at multiple depths. As of February 15, 2001, 65 months of observations had been conducted.

The following results from the CARIACO program are important for interpreting the paleo-oceanographic sedimentary record:

1. Timing of the upwelling is not strongly correlated with the local wind and likely depends on additional oceanographic processes acting over larger scales.

2. Variations in seasonal productivity may result from dynamic water mass changes (nutrient content) not directly related to wind intensity.

3. Terrestrial organic carbon sources are typically insignificant in today’s environment.

4. In general vertical flux is directly correlated with primary productivity but in the early upwelling season export ratios are always low.

5. The vertical distribution of particulate organic flux in Cariaco is similar to that in oxic environments, suggesting that remineralization rates in both environments are similar, or that higher temperature in Cariaco compensates for lack of oxygen.

6. At times carbon flux at 475 m is greater than at 275 m. This implies a source of material between these depths, i.e. chemoautotrophy or lateral influx.

CARIACO provides an observation point for S2O2 within the tropical North Atlantic, and therefore will help determine the southern extent of climate impacts detected within the Sargasso Sea. On the other hand, CARIACO is likely to detect variation generated in the South Atlantic or in the Tropical Atlantic before it is seen at Bermuda.

The S2O2 will help a study like CARIACO address the scientific reality of basin-scale physical and chemical oceanographic variability, and help provide answers to questions such as:

1. What are cross-basin transport mechanisms?

2. What is variability in the North Equatorial Current?

3. What is variability in flow within gyre?

4. What is variability in cross-equatorial flow?

5. What is mesoscale eddy variability?

These answers will help interpret the modern and ancient oceanography of the region, and help make inferences about past climates through the sediment record connection.

Caribbean Time-Series Study

Jorge Capella

UPR

The Caribbean Time Series (CaTS), an initiative of the University of Puerto Rico (UPR), Department of Marine Sciences established in 1994, is made possible by funding through UPR and NASA's Earth Science Enterprise. The time series station, located at 17o38' N 67o W, approximately 26 miles south of Puerto Rico, is visited monthly aboard R/V CHAPMAN (126' LOA). CaTS provides an observing station for researchers interested in the assessment of the magnitude and periodicity of basin-scale phenomena affecting the optics and biogeochemistry of regional waters. Research has focused on the characterization and understanding of seasonal and inter-annual variability of near-surface seawater features in the NE Caribbean Basin as affected by seasonal riverine intrusions and by anthropogenicaly driven climate change. PI's: Jorge Corredor, Julio M. Morell 

More at http://cima.uprm.edu/cats/
The Oleander Project: Sustained Observations of Upper Ocean Currents

Tom Rossby, Huai-Min Zhang

Graduate School of Oceanography

University of Rhode Island
M.V. Oleander is a merchant vessel (M.V.) making weekly round trips between New Jersey and Bermuda. In the early 1980s, M.V. Oleander became one of the world's VOS (Volunteer Observing Shop) fleet. Starting in1992, we began collecting ADCP velocity data along the Oleander transects. This project was supported by NOAA initially, funded by ONR at the mid term, and now is in operation under a NSF grant to February, 2003. Throughout the years many people played instrumental rules in the success of this program, including Drs. C. Flagg, E. Gottlieb, P. Cornillon, Mr. G. Schwartze, Ms. S. Anderson-Fontana, the M.V. Oleander captains and crew and the Bermuda Container Line, Inc.

The overall goal of this project is to obtain a multi-year dataset that permits detailed studies of low frequency (seasonal and interannual) variability of the upper ocean velocity and temperature fields in the different regions of the western North Atlantic (continental shelf, the slope water, Gulf Stream, and western Sargasso Sea).

The velocity instrument is the RDI 150 kHz narrow-band ADCP. Data acquisition is through autonomous operations (AutoADCP) [Flagg et al., 1998], which features self recovery from inadvertent interruptions, automatic change of the ADCP's data acquisition configuration/mode, and automatic data backup and logging. Positioning devices are gyrocompass, GPS, differential GPS, and attitudinal GPS. We estimate the accuracy to be +/- 0.1 degrees for ship heading and +/- 3 cm/s for ocean current. The velocity resolution is 8m in the vertical and 2.4km in the horizontal with a 5-minute averaging at 16kts ship speed. XBT temperature profiles along the section  are taken monthly. The ADCP backscatter intensity can also be used to deduce zooplankton density [Flagg and Smith, 1989]. In addition, the ship makes a monthly tow using a Hardy Continuous Plankton Recorder. This has been done since 1981 for NOAA National Marine Fisheries Service. 

Our velocity data stream is from Fall 1992 to date, and will continue to February 2003 under the current NSF grant. In year 2002 we will make an assessment to decide whether to seek continuation of this program. The data are available to the scientific community as well as general public either from us or from the ADCP data center at University of Hawaii. The data have been used in our own scientific research [Rossby and Gottlieb, 1998; Rossby, 1999a,b; Rossby and Benway, 2000; Rossby and Zhang, 2001] as well as by the community for physical-biological study [Ryan et al., 1999], validation of the technique of extracting ocean currents from satellite scatterometer "wind" measurements [Cornillon and Park, 2001] and satellite/air-born sea surface salinity  measurement technique, and model initialization/data assimilation in a coastal ocean forecast system [Ginis et al., 2000]. We expect that our dataset will also be used by other S2O2 investigators.
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Florida Strait Current Time-series

Molly Baringer

NOAA/AOML

Transport variations in the Florida Current are being continually monitored by measuring the cross-stream voltages using an in-service cable between West Palm Beach, Florida, and Eight Mile Rock, Grand Bahama Island, and an abandoned cable between Key West, Florida, and Havana, Cuba. Fifteen years of these voltage-derived transport measurements from the cables have been collected. The data are being used in models of the circulation off the East Coast of the United States, and to evaluate numerical models being developed for climate studies. The current PIs are Molly O'Neil Baringer (AOML) and Doug Wilson (AOML). 

More about this program at http: //www.pmel.noaa.gov/wbcurrents/cabletransport.html. 

High Resolution XBT Lines

Molly Baringer

NOAA/AOML

To measure the upper ocean thermal structure in the center of the subtropical gyre in the North Atlantic, AOML is monitoring two high resolution XBT lines in the Atlantic. The XBT measurements are done from Volunteer Observing Ships (VOS) willing to have a scientist aboard to deploy XBTs. These lines (designated AX7 and AX10) meet WOCE criterion for high-resolution deployment providing temperature profiles every 50 km in the open ocean and between 10-30 km near boundary currents down to a depth of about 760 meters. 

AX7 is located nominally along 30o N extending from the Straits of Gibraltar in the eastern Atlantic to the east coast of the United States at Miami. This latitude is ideal for monitoring heat flux variability in the Atlantic because it lies near the center of the subtropical gyre, which has been shown to be the latitude of the maximum heat flux in the ocean.  AX10 is located between the New York harbor and Puerto Rico. This line closes off the eastern seaboard, where temperature anomalies could have the greatest interaction with the atmosphere. Both of these lines can be used together to define several regions of the ocean with different characteristics of air-sea interaction. 

More about this program at http://www.aoml.noaa.gov/phod/hdenxbt/. 

From WATOX to AEROCE

William C. Keene and James N. Galloway

University of Virginia
Synopsis of Presentation

I.  Broad Scientific Questions 

· What are the major processes controlling the chemical and physical composition of the atmosphere over the western North Atlantic Ocean?

· What are the major linkages among the atmosphere, biosphere, and climate in this region?

II.  Project History

A.
Global Precipitation Chemistry Project (GPCP) 

1. Objective: To quantify the composition of precipitation in remote regions of the world, and to determine the major controlling processes. 

2. Duration (at Bermuda):  1980 to1982

3. Primary Funding Agency:  NOAA

4. Major Collaborating Institutions:  University of Virginia, Institute of Ecosystem Studies, NOAA Air Resources Laboratory, Bermuda Biological Station for Research

5. Continuous Observations
a. Sampling and chemical analysis (major organic and inorganic constituents) of about 60 randomly selected precipitation events per year at Harbor Radio Tower, Bermuda and corresponding deposition fluxes

b. Transport (air-mass back trajectories)

6. Publications:  Numerous (e.g., Galloway et al., 1984, Science 226, 829, and references therein) 

B.
Western Atlantic Ocean Experiment (WATOX)

1. Objective:  To quantify the flux and determine the fate of S, N, organic C, and trace metal species advected eastward from North America
2. Duration:  1982 to 1990
3. Primary Funding Agency:  NOAA
4. Major Collaborating Institutions:  University of Virginia, NOAA Air Resources Laboratory, University of Delaware, Bermuda Biological Station for Research
5. Continuous Observations
· Sampling and chemical analysis (major organic and inorganic constituents and trace metals) all precipitation events at Harbor Radio Tower and High Point, Bermuda (and at Adrigole, Ireland) and corresponding deposition fluxes.

· Transport (air-mass back trajectories)

6. Intensive Experiments:  Several surface-, ship-, and aircraft-based process studies 
7. Publications:  100+ (see special issues of Global Biogeochem. Cycles, 1987, 1(4); 1988, 2(1); 1990, 4(1-4), and references therein] 

C.
Atmosphere-Ocean Chemistry Experiment (AEROCE) 

1. Objective (Theme 1; Ozone and Oxidants):  To understand the role of anthropogenic emissions and natural processes in the ozone budget and oxidizing capacity of the troposphere over the North Atlantic Ocean.

2. Objective (Theme 2; Aerosols and Climate):  To characterize the chemical and physical properties of aerosols that are important to the radiative properties of the atmosphere and climate; to study the processes that affect these properties; and to assess the relative importance of natural versus human sources.

3. Duration:  1988-1999

4. Primary Funding Agency:  NSF Atmospheric Chemistry

5. Major Collaborating Institutions:  University of Miami, University of Virginia, University of Rhode Island, University of Delaware, University of Maryland, Yale University, NOAA CMDL, NOAA GFDL, DOE-EML, Bermuda Biological Station for Research

6. Continuous Tower-Based Observations (Tudor Hill, Bermuda, Davids Head, Bermuda, and Ragged Point, Barbados; additional suites of observations were made at Mace Head, Ireland, and Tenerife)

· Daily sampling and chemical analysis (major organic and inorganic constituents and trace metals) of precipitation and corresponding deposition fluxes

· Daily sampling and chemical analysis (major inorganic constituents) of bulk aerosol

· Ozone, carbon monoxide, condensation nuclei, aerosol size distributions, aerosol physical properties (scattering and absorption), and radiation

· Site meteorology (temperature, wind speed and direction, RH, timing and intensity of precipitation)

· Transport (air-mass back trajectories)

7. Intensive Experiments:  Several surface-, ship-, and aircraft-based process studies

8. Publications:  Numerous (e.g., Galloway et al., 1993, Atmos. Environ. 27A, 235; Moody et al., 1995, J. Geophys. Res. 100, 7179; Erickson et al., 1999, J. Geophys. Res. 104, 8347; Turekian et al., Geophys. Res. Lett., in press, 2001 and references therein). 

III. Present and Future Status 

· Except for site meteorology, all continuous measurements at the Tudor Hill tower have ceased.

· Some shorter-term measurement programs are in progress and proposals for additional short-term intensives at the facility have been submitted and are currently under review.

· The tower and associated facilities remain in place and are being maintained by the Bermuda Biological Station; investigators who occasionally work at the facility con​tri​bute modest funds towards maintenance although the ad hoc nature of this support does not guarantee the required continuity of support.
· A. H. Knap plans to lead an effort to prepare a modest proposal requesting support to maintain the Tudor Hill facility over the next three years.  Thereafter either sponsors of future longer-term programs at the site will have to provide funds for maintenance or the facility will probably be shut down and removed.  If removed, it is very unlikely that the Bermuda Government will allow the installation of a similar facility in the future. 

· Although many colleagues (particularly global modelers) have endorsed efforts to continue atmospheric observations at Tudor Hill, informal discussions with NOAA and NSF concerning possible resumption of continuous operations have been discouraging.

· We have started approaching private foundations to solicit support for the resumption of  continuous measurements of precipitation composition (major organic and inorganic constituents) and wet-deposition fluxes at the site.

IV.  Operational Requirements 

· Tower

· Power

· Lab and pump vans

· Site operator

V. 
Data Streams 

A.
Continuous

1. Precipitation composition (major organic and inorganic species) and wet deposition fluxes (1980-1998, Galloway/Keene, UVA)

2. Precipitation composition (trace metals) and wet deposition fluxes (1982-1994, Church, Univ. Del.)

3. Bulk aerosol composition (major inorganic species) (1988-1998, Prospero/Savoie, Univ. Miami)

4. Bulk aerosol composition (trace metals) (1988-1998, Arimoto/Duce, URI)

a. Beryllium-7 and Lead-210 (1988-1998, Turekian/Graustein, Yale; Arimoto, URI)

b. Ozone (1988-1999, Oltmans, NOAA CMDL)

c. Carbon monoxide, reactive N (1994-1998, Dickerson/Doddridge, UMD)

d. Radon-222 (1991-1998, Larsen, DOE-EML)

e. Aerosol physical properties (scattering, absorption, number/size distributions) (1992-1998, Maring/Savoie/Prospero, Univ. Miami)

5. Spectral irradiance (1992-1998, Voss, Univ. Miami)

6. Site meteorology (1988-1998, Maring, Univ. Miami)

7. Atmospheric transport (1980-1998, Merrill, URI; Moody, UVA; Artz, NOAA ARL)

B.  Intensive Process Studies

· Many (see literature)

V.  Data Timeliness and Availability

· QA’ed data were typically posted within 3 to 6 months after sampling date

· All date are available upon request from the PIs indicated above

VI.  Contributions to S2O2

Direct and indirect couplings between the surface ocean and lower atmosphere are important yet, in many instances, poorly understood components of the climate system.  The following selected examples serve to illustrate how the resumption of atmospheric observations at Tudor Hill (and Barbados) would contribute to S2O2.

· The direct and indirect effects of aerosols on radiative transfer and climate are associated with the largest class of uncertainties in our understanding of the climate system.

· The surface ocean is a major global source of aerosols (e.g., sea-salt) and aerosol precursors (e.g., dimethylsulfide, hydrocarbons).

· Continuous measurements of aerosol chemical and physical properties, radiative transfer, and wet-deposition fluxes provide critical constraints for developing, parameterizing, and testing models of the climate system.

· A reliable predictive capability for climate must explicitly consider multiphase chemical processes in the marine boundary layer (MBL).  The development of such a capability requires long-term continuous measurements of selected components of the MBL coupled with short-term intensives to resolve processes.  S2O2 is ideally suited to such studies.

· Atmospheric deposition of fixed N, iron, and perhaps other trace atmospheric constituents is an important source of nutrients for biota in many marine regions.    

Regional Atmospheric Tower Network

Dennis Savoie

RSMAS

The Atmosphere/Ocean Chemistry Experiment (AEROCE) was a comprehensive multi-disciplinary and multi-institutional research program that focused on a number of aspects of the atmospheric chemistry over the North Atlantic Ocean (NAO).  These included: ozone and the oxidizing capacity of the atmosphere; aerosol physical and chemical properties (especially for sulfur and nitrogen species and mineral aerosol) and related precipitation chemistry; the role of aerosols in climate; and chemical air/sea exchange.

A major objective of AEROCE research was to gauge the impact of anthropogenic sources on the chemical and physical properties of the atmosphere, to assess the consequences on natural processes including climate, and, through the use of models, to predict the longer term effects.

Phase I of AEROCE began in September 1987, funded primarily under grants from the Atmospheric Sciences Division of the National Science Foundation.  Research activities began at field sites in mid-1988.  Phase II began in October 1990 and ended in September 1994.  The initial strategy of AEROCE was to emphasize the development of the chemical climatology of the atmosphere over the NAO.  This was accomplished with a coordinated protocol of continuous measurements in a network of four stations: Barbados, West Indies; Bermuda; Izaña, Tenerife, Canary Islands; and Mace Head, Ireland.  During Phase II, we implemented a limited number of intensive field studies, some of which were coordinated with other programs such as the IGAC/NARE activities.  The integrated activities across this network has provided an unprecedented picture of the temporal and spatial variability of a number of important gas, aerosol, and precipitation constituents across the entire NAO.  Phase III which ended in July 2000, AEROCE focused on two main theme areas: Ozone and Oxidants - To understand the role of anthropogenic emissions and natural processes in the ozone budget and oxidizing capacity of the troposphere over the North Atlantic Ocean (NAO); and Aerosols and Climate - To characterize the physical and chemical properties of aerosols that are important to the radiative properties of the atmosphere and to climate; to study the processes that affect these properties; and to assess the relative importance of natural and human sources.

AEROCE focused on the atmosphere over the NAO because it is the ocean region that is most likely to be affected by atmospheric transport from the continents.  The NAO is one of the smaller ocean basins and is bordered by four continents.  As a result, there is a relatively high probability that continental emissions, whether natural or anthropogenic, will be carried to the North Atlantic by winds.  Pollutant emissions are of particular interest because of the high level of human activities in this region.  The emissions of anthropogenic NOx are highly concentrated in northeastern North America and western Europe which together emit about 50% of the global total.  The global distribution of SOx sources is similar to that of NOx, with about 50% of the total coming from North America and Europe.  Large quantities of soil dust are transported out of North Africa all year long, affecting much of the tropical NAO; dust concentrations over the NAO are probably greater than over any other large ocean region.  Biomass burning products, including black carbon, are also transported out of North Africa and over the NAO especially during the winter and spring.  Thus, if pollutants and other continental products are affecting the properties of the atmosphere and altering climate over any ocean region, then the effects should be most readily observable over the NAO.  Natural processes also play an important role in the atmospheric chemistry over the NAO.  A notable example is the large amounts of DMS that are emitted from biological sources in the ocean.  In the atmosphere, DMS is converted to aerosol products that may have an important role in climate.  One of the major tasks for AEROCE in Phase III was to characterize the natural processes and to assess the degree of impacts by human activities.
Measurements:  At surface sites, we measured the chemical and physical properties of aerosols and precipitation and the corresponding optical characteristics of ambient air parcels.  Chemical measurements focused on the principal aerosol components: nss-SO42–, NO3­­, black carbon, sea-salt, and mineral aerosol.  Physical properties included aerosol size distributions, aerosol light scatter and absorption, and the effects of relative humidity changes on these properties.  Population statistics from the long-term observations, augmented by the extrapolation of high sensitivity measurements from the field intensives, were used to assess spatial and interannual variability, the validity of model predictions, and the influence of regulatory policies on long-term trends.

As stated above, the AEROCE program ended last year, we are currently continuing our operations on Barbados and at the Rosenstiel School in Miami.  Although we have no plans at present for resuming operations at Bermuda, we certainly have a strong interest in doing so.

AEROCE Tower – Present Status

Tom Church

Univ. of Delaware

I.  The AEROCE Tower (Present Status)

1.  History.  An atmospheric sampling tower was constructed by the Atmosphere-Ocean Chemistry Program (AEROCE) which was support by NSF-ATM from ‘88-’96 under three phases of research into the chemical climatology of the North Atlantic, along with several other synoptic towers around the basin.  The tower  was designed to collect a continuous unattended set of meteorological parameters and light scattering properties, plus daily samples of aerosol and precipitation events.   Since AEROCE it continues to be used by several researchers doing gas, aerosol and precipitation chemistry for a host of inorganic and organic species, though under a reduced weekly protocol.  

2.  Status.  The tower is located on a SW bluff of Bermuda called Tudor Hill at a former Navy SOSUS station.  It consists of a walk up 20 meter scaffold with bridge wings to support the collectors and meteorological/radiation sensors.  The aerosol and gas collectors can be sectored to sample only onshore winds, and the precipitation sampler automatic to the sensed onset of rain.  At the foot of the tower, are two laboratory vans, one for electronic control and data logging, the other for clean processing of samples.  The facility is serviced by power, phone and has its own water supply with de-ionization.  

The facility is today managed by the Bermuda Biological Station which charges for its use according to the sampling protocol.  

II.  T. M. Church Projects (Relevant Research)
1.  Scientific Goals and Questions.  Our goal is to understand the atmospheric transport, deposition and surface ocean processing of a suite of trace elements in the North Atlantic.  These elements are chosen to continental sources of mineral dust (Al), metal contaminants (Pb) and essential nutrients (Cd, Cu, Fe, Mn, and Zn) for surface ocean production.  Included are a suite of natural radio- nuclide tracers produced by cosmic spallation (7-Be) or radon (222) and its daughters (210-Pb, Po).  These nuclides serve to trace the transfer and scavenging processes of interest.  The purpose is to gain some understanding of the transport of atmospheric emissions to the ocean, processes of atmospheric weathering and removal, nutrition of  surface ocean production, and flux with carbon to the deep sea.  Alternatively, those atmospheric trace element species remaining can be used to trace the circulation and mixing of the North Atlantic.

2.  Project History.  The research has been continuing at sampling sites on Bermuda or aboard cruises in and around the Sargasso Sea since 1982 included in various joint programs.  This has resulted  in a discontinuous record of atmospheric chemistry.  This record has allowed documentation of atmospheric dust loads in response to climate change (e.g. NAO oscillation), and pollution abatement in response to legislation of industrial emissions (e.g. de-leading gasoline).  

3.  Operational Requirements.  The requirements of our research has been to utilize integrative joint programs (e.g. WATOX, AEROCE, IOC Cruises), which include fixed land based facilities with continuous operation (e.g. sampling towers), or similar sampling programs aboard ships at sea stations and underway to minimize vessel contamination.   Here, clean sampling of the air and water column should be assured, with clean onboard laboratories.

4.  Data Streams.  Two time scales appear necessary for this research.  One at episodic high frequency to capture significant events such as cyclonic storms or dust events; the other at lower frequency but continuous for background conditions.  Besides chemical sampling, synoptic meteorological records are vital to model atmospheric trajectories or deposition. 

5.  Timeliness and Availability.   Our research has provided a long term, discontinuous atmospheric record of trace element wet deposition over the past two decades on Bermuda.  In addition, there are both aerosol and precipitation results from cruises around the North Atlantic for the trace elements and the radio nuclides cited.  Over the last decade, similar trace element profiles exist in time series at Bermuda, and elsewhere on occasion in the North Atlantic to record the oceanic change or response to atmospheric deposition.

6.  S2O2 Goals.   The primary goal is to maintain the trace element time series on Bermuda to record the oceanic response to climate change over the ensuing decades.  The future will be to construct or join programs articulated under the international SOLAS program for the North Atlantic, including continuous processes at the air-sea boundary on the BTM mooring, or cruise transects targeted under the Saharan dust plume.

7.  Improvements.  In the future, this type of research could be greatly enhanced using autonomous buoys and towers, which can respond to changes in climate or events (e.g. dust storms, forest fires, industrial practices).  Autonomous underway vehicles (AUV) or profiling moorings can also be adapted for use.  In any case, parallel access to synoptic sampling or data records collected on dedicated joint cruises and intensive experiments combining atmospheric tower with surface ocean sampling.

8.  Other.  The key to the success of this research lies in continuous support to maintain the research facilities and provide for long term continuous records needed to resolve intra- and inter- annual trends.  In addition, the design of such facilities need to respond intensively to unpredictable atmospheric (e.g. hurricanes) and oceanic (meso-scale eddy) events, which capture the mutual response between the surface ocean and lower atmospheric processes.  

Aerosol Fluxes at the Air-Sea Boundary

Maureen Conte

Woods Hole Oceanographic Institution

This presentation was devoted to a brief overview of areas of atmospheric research in which S202 is ideally placed to contribute because of the unique infrastructure of ships, moorings, towers and logistical support base which exists at Bermuda, as well as Bermuda's optimal location in the western North Atlantic gyre. The presentation focused on new and emerging areas of aerosol research which complement and build upon the large body of atmospheric data previously collected during the WATOX and AEROCE intensives (reviewed in presentations by Keene and Church, respectively, on Regional Atmospheric Work and the Bermuda AEROCE tower). The following examples were presented to illustrate the wide range of studies which are possible because of the Bermuda infrastructure and which would be greatly facilitated by S202 coordination:

· studies of long range atmospheric transport and flux of continental materials to the western North Atlantic (mineral dust, terrigenous organic carbon, inorganic and organic particulate and gaseous anthropogenic pollutants) 

Bermuda's location in the western North Atlantic gyre is ideal because it is affected by a wide range of meteorological conditions and receives continental air masses originating from North America, Africa and Europe as well as North Atantic oceanic air masses. 

· the importance of Bermuda as a remote monitoring site for North American emissions (both natural and anthropogenic)

Bermuda's remote location downwind from North American sources allows measurement of large regional integrated emissions from North America. For example, the long history of measurements at Bermuda have demonstrated the efficacy of the Clean Air Act. An example was shown of novel research by Conte to assess terrestrial photosynthetic fractionation of atmospheric CO2 by the North American biosphere, using the isotopic composition of higher plant biomarkers present in aerosols in continental aire masses sampled at Bermuda. 

· air-sea coupling studies

The co-existence of both atmospheric and ocean sampling platforms (including nascent platforms such as multisensor ARGO floats), and the logistical support base at BBSR makes Bermuda an unsurpassed location for conducting this kind of research.

· Development of new technology to extend atmospheric sampling capabilities to buoys 

The Bermuda tower and ship support base for buoy deployments, as well as its location, provide an excellent location for development and groundtruthing of buoy samplers. Examples were provided of a buoy dust sampler being developed by E. Sholkovitz (WHOI) and a buoy ozone sampler being developed by E. Hintsa (WHOI)

· Groundtruthing and development of remote sensing algorithms 

The Bermuda tower sits in a relatively homogeneous mid-gyre area so is ideal for remote sensing research and groundtruthing of satellite estimates.  An example was given of the current mismatch between a direct comparision of remote sensing estimates of atmospheric dust concentrations (P. Stegmann, URI) and ground-based dust concentration measurements at the Bermuda tower for the same time period, to illustrate how atmospheric studies at Bermuda could contribute to better remote sensing estimates.

Future infrastructure recommendations

Technological advances in sensors, data logging and real-time communications provide new possibilities for atmospheric research and air-ocean coupling studies. To maximize new and emerging research capabilities, the Bermuda tower should be upgraded to augment the basic meteorological measurements with additional instruments for continuous measurements of key variables (e.g. ozone, radon, aetholometer, radiometer). Communication links should be upgraded for real time data logging and data transmission via the internet. These enhancements would enable targeted ("smart") sampling of different air masses which would expand many of the research possibilities, and would also allow "event-triggered" cruises to be launched from BBSR for air-sea coupling studies (e.g. a process cruise to measure the ocean's ecosystem response to massive dust or pollutant loading). 

Bermuda Weather Service

Roger Hanson

Bermuda Weather Service

· Existed “pre-war” as the Bermuda Met. Office

· Weather Services 1940’s on by US military

· BWS established following U.S. Navy withdrawal in 1995

· Located at Bermuda International Airport

· Operated by Serco Aviation Services

· All operational positions now “Bermudianised”

· A 24 hour operation

· 7 Meteorologists (inc. Director & Systems Administrator) and 5 Observers

Liaisons with National & International Organisations

· Emergency Measures Organisation

· R.C.C. / Bermuda Harbour Radio

· U.S. National Hurricane Center

· World Meteorological Organisation

· International Civil Aviation Organisation

BWS Activities

· Serving Aviation, Public, & Marine  Interests

· Watches, Warnings, Observations & Forecasts

· Specialist products, e.g. Yacht charts, Media products, briefings

· Archived data

· Local research

· Website www.weather.bm
· CableTV BWS Channel

BWS Operational Resources

· WAFS/ISCS  Workstation Products

· GOES 8 Imagery

· Weather Radar

BWS Data Products

· Surface (Aviation – Hourly METAR and SPECI)

· Surface (Synoptic 3 hourly)  

· Radiosonde (Daily – 2xDaily Hurricane Season)

· SST (~daily )

Other Bermuda Met. Data

· North Rock (BBSR)

· Harbour Radio

· Ship Reports (Weatherbird, Oleander, Islander, etc.) 

Data Availability & Sources

· 1800’s to 1940’s W A Mackay’s papers (original data was destroyed by fire)

· 1940’s to 1995 – USAF/NAS data (available via NCDC on CDRom etc.)

· www.weather.bm - Monthly Climat Data and Graphs

Local Research Projects

· Local Forecasting aids

· Temperature predictions 

· Low level wind shears

· TC frequency Bermuda v. Atlantic

· Limited resources available for true Scientific Research – but BWS are willing to assist in any way!


Future Plans

· BWS Oracle Database on Web

· West End Weather Station

· $1.5 million 10cm Doppler Radar replacement
MITESS: Automated Moored Trace Element Serial Sampler, Results from Bermuda

Ed Boyle

Department of Earth, Atmospheric, and Planetary Sciences E34-258

Massachusetts Institute of Technology, Cambridge, MA 02139

email: eaboyle@mit.edu

Numerous trace elements are variable in ocean surface waters on time scales ranging down to days. Some metals (Pb, Fe, Al,...)  ADDIN  
(Boyle et al., 1986; Savoie et al., 1989; Young et al., 1991) are variable because they are delivered sporadically from the atmosphere, while other metals (Cd, Zn, ...) may vary rapidly due to pulses of vertical mixing, upwelling, and biological activity. The passage of ocean eddies and biological patchiness may also contribute to metal variability. To evaluate the biological consequences of Fe fertilization under conditions of "natural experiments" and eliminate aliasing as a factor in assessing the long-term evolution of the anthropogenic Pb emission experiment, we need to have measurements on the temporal variability of metals on time scales ranging down to a few days. We have developed a device (MITESS) which can collect 500 ml trace-metal-clean samples on a standard 3-m buoy surface mooring. MITESS was designed by MIT students Jory Bell (mechanical and programming) and Joe Betts (electronics), and was designed from the ground up to be trace metal clean. 

We have deployed MITESS units on the Bermuda Testbed Mooring (Dickey  et al. 1997, 1998) during all mooring deployments since spring 1995 and on the HALE/ALOHA mooring of Dave Karl since 1997. In the past two years, the samplers have been >95% electro-mechanically reliable (i.e., in a six month deployment, 23 or 24 samples are collected from 24 modules deployed). MITESS has proved to be durable and a reliable mooring citizen. It survived the passage of several hurricanes including a nearly direct hit by hurricane Felix in August 1995 and a 4 km fall to the sea-floor when a device above it failed in November 1995.

The reliability of the device for trace metal sample collection has been established in three ways: (1) by using it to collect samples providing "oceanographically consistent" profiles for Pb and Fe at profiles in the eastern and western North Atlantic and central North Pacific (HOT), (2) by comparison to surface water samples collected using our normal verified trace metal procedures. The vertical profiles of Pb and Fe obtained in this way are consistent with profiles collected by known reliable trace metal sample collection methods (e.g. Bruland’s Go-Flo method and Schaule and Patterson’s “lander” method). Samples collected by this device agree with “total dissolvable” Pb and Fe samples collected by our normal surface sampling methods (pole sampling and underway sampler, e.g. Vink et al. (2000). Finally, we have programmed individual MITESS modules to collect samples at the same time. Often, these modules will be spaced 3-5 m apart, and any contamination introduced by the sampler environment or by handling after recovery should be random from one sample to the next. However, in all cases for Pb and in the vast majority of cases for Fe, duplicate samples agree within our analytical error. Hence we are confident in the ability of MITESS to document the true trace metal content of the ocean where it is deployed.

With five years of data from Bermuda and three years of data from Hawaii, what are we learning about oceanic trace metal variability? For the first time, we have observed time-resolved variability for Pb and Fe in the upper ocean. By time-resolved, we mean that sampling density is sufficient to document the events through (at least several data points). Variability is greater at Bermuda, as would be expected from more intense atmospheric sources and a more energetic eddy field. By averaging several years worth of data, we can establish statistically significant seasonal cycles for Pb and Fe, but the shorter-term variability is large so that any single year can be very different from the average. For example, from May 5, 1999 to June 13, 1999, Pb concentrations rose from 35 pmol/kg to 48 pmol/kg over three weeks, then fell back down again over the nest two weeks. There is less Pb variability at Hawaii and more year-to-year similarity; a clear annual cycle seen with a minimum of 27-35 pmol/kg in the summer and peaks of 35-50 pmol/kg in the winter. Fe is more variable than Pb at both sites.  Further information is available at http://boyle.mit.edu.

An Overview of Carbon Studies at the  Bermuda Atlantic Time-series Study 
(BATS) Site.

Craig A. Carlson

University of California, Santa Barbara, CA 93106

carlson@lifesci.ucsb.edu

The western North Atlantic subtropical gyre near Bermuda is the site of the U.S. JGOFS Bermuda Atlantic Time-series Study (BATS) site. The BATS program was initiated in October of 1988 with the purpose of better understanding the time varying dynamics of carbon in the open ocean.  To date the BATS program has conducted 223 cruises to the BATS site to collect measurements for a full suite of physical, chemical and biological parameters.  The carbon stock measurements include POC, TOC, TCO2, pCO2, phytoplankton biomass, zooplankton biomass, prokaryotic biomass. The C rate measurements include primary production, bacterial production and passive carbon flux as measured with floating sediment traps (150, 200, 300m; 72 hour deployment).

Biogeochemical observations at the BATS site provide a unique view of seasonal, interannual and decadal variability biogeochemical parameters. A review of the observations of the strong seasonal patterns and interannual variability of mixing, production, biogeochemistry and organic carbon fluxes in the Sargasso Sea was presented. On seasonal time scales we observe temporal decoupling between production and export of a significant portion of the organic carbon produced within the euphotic zone. Interannual variability of physical and biogeochemical properties demonstrate how changes in mixing and stratification dynamics can influence production, export and the sequestration of carbon and nutrients in the upper ocean. Marked changes in upper ocean biogeochemistry have occurred over the last decade, the causes of which may be linked to physical changes in the subtropical gyre, increase in the atmospheric deposition of dust, and the Northern Atlantic Oscillation (NAO) and El Nino Southern Oscillation (ENSO). Long term trends in inorganic carbon cycling provide a direct means of determining the rate of oceanic accumulation of CO2 as well as information on natural variability.

TOC dynamics at BATS demonstrate an annual pattern where suspended TOC stocks accumulate rapidly within the surface 100m after spring restratification and stay elevated until the next deep mixing event. As a result of mixing, a portion of this seasonally accumulated TOC is mixed to depth ( >200m) and subsequently removed at depth after restratification. Microbial community structure as well as nutrient regime is different at depth compared to the surface water.  It is hypothesized that microbial community structure present at depth may be adapted to utilize more recalcitrant TOM not utilized by surface water communities.   From 1994 – 1999 the maximum deep mixing depth shoaled approximately 100 m with a subsequent accumulation of 4 µM C in the surface 140 m during this time period.  Accumulation of suspended organic matter in the surface 140m may be associated with the fact that “semi-labile” organic matter was not exported into a depth horizon where microbial community structure and nutrient regime would promote utilization of “semi-labile” TOC.

pCO2 in the Sargasso Sea

Nick Bates

BBSR

In June 1994, collaboration between Lamont Doherty Earth Observatory (Drs T. Takahashi and D.W. Chipman) and Bermuda Biological Station for Research (Drs N.R. Bates and A.H. Knap) resulted in the installation of a pCO2 systems aboard the RV Weatherbird II for continuous underway measurements of seawater and atmospheric pCO2 concentrations. The objective of this effort was twofold:

1. Determine surface seawater and atmospheric in the Sargasso pCO2 concentrations in the Sargasso Sea and vicinity of two oceanic time series, the Joint Global Flux Study (JGOFS) Bermuda Atlantic Time-series Study (BATS) site (31°50' N, 64°10' W) and Hydrostation S (32°10' N, 64°30' W) 

2. Determine the different time scales (i.e. Diel to seasonal to annual to interannual) and spatial scales of CO2 variability and air-sea gas exchange of CO2. 

Underway measurements of surface temperature, salinity, fluorescence, seawater and atmospheric pCO2 are routinely collected on a continuous basis on each cruise of the RV Weatherbird II.

Seasonal seawater pCO2 variation are of order of 100 matm, having a minimum of ~300-320 during the winter and a maximum of ~380-410 (atm in the summer. Atmospheric varies by about ~25 matm, varying between ~340 and 365 (atm. Because seawater pCO2 concentrations are higher than the atmospheric concentration during summer, there is a flux of the ocean to the atmosphere. During the winter, these conditions are reversed and the flux is into the ocean from the atmosphere. Overall, the Sargasso Sea is a sink for CO2 , with a net transfer of CO2 from the atmosphere to the ocean.

Bermuda Atlantic Time-series Study (BATS) Ancillary Programs

Deborah K. Steinberg

VIMS

One of the strengths of the BATS program is the large number of other scientists who have conducted research at the BATS site.  Many are funded as ancillary projects on the BATS cruises, while others have their own independent ship time and are autonomous. Many of the ancillary users at BATS are scientists who make measurements on the BATS cruises, or have samples collected for them by the BATS technicians through the BATS “time-share technician” program.  These samples are often taken at the same time as the core BATS measurements and allow for a great deal of comparison between the datasets.  The ancillary measurements help in the interpretation of the core measurement program, and visa versa.   A list of the BATS ancillary programs can be found at http://www.bbsr.edu/users/ctd/BATSusers.html.  This list includes an impressive array of studies.  There have been numerous studies of trace metal and nutrient cycling, isotopes, and DOM dynamics.  Investigations of carbon dioxide and oxygen dynamics include a surface CO2 time series and oxygen isotopes.  Programs on bacteria dynamics include bacteria and cycling of nitrogen, phosphate, and dissolved organic carbon, and molecular biology.  Studies of phytoplankton and zooplankton dynamics include picoplankton, Trichodesmium, phytoplankton and trace metals, a zooplankton time series, and zooplankton vertical migration and flux.  Investigations of flux at BATS include deep-ocean particle flux (Ocean Flux program-OFP), new sediment trap design and testing, tracer–based POC export, and Thorium and colloid dynamics.  Other programs include the biogeochemical mooring (Bermuda Testbed Mooring-BTM), and ocean optics such as the Bermuda Bio-optical project (BBOP) and the Satellite time series.  There have been several biogeochemical and physical modeling studies, as well as an educational program called Classroom BATS- designed to bring real scientific data into middle school classrooms. Current Ancillary programs and investigators include:

BATS zooplankton species composition 
(Steinberg & Madin) 

Oxygen isotopes & primary production  
(Luz) 

Microbial Observatory 


(Carlson & Giovannoni) 

Neutrally Buoyant Sediment trap testing  
(Price, Valdez, Buesseler, Steinberg) CDOM in the open ocean
 

(Nelson, Carlson, Steinberg)

DON/DOP




(Hansell & Bates)

Two of the current programs that were not covered elsewhere in the meeting were described in further detail. The testing of neutrally buoyant sediment traps (NBSTs) is an important step toward accurately measuring flux in the ocean’s interior.  NBSTs are being deployed alongside traditional surface-moored traps at BATS.  Differences between the two designs are apparent, such as the fewer number of “swimmers” collected by NBSTs  and a difference in particle types collected by the two traps.  A new program on BATS zooplankton species diversity has begun as part of the Census of Marine Life - an international research program assessing and explaining the diversity, distribution and abundance of marine organisms throughout the world's oceans.  The structure of zooplankton communities has a significant impact on vertical transport and cycling of elements in the sea.  Changes in abundance of gelkatinous zooplankton (salps) at BATS was given as an example how changes in species composition can dramatically affect the flux of organic material to the deep ocean. 

Microbial Observatory

Steve Giovannoni

Oregon State Unversity

NSF supported time series of molecular/image analyses of viral and bacterial stocks at the BATS site begun in 1991. PI’s Carlson (BBSR) and Giovannoni (OSU) are using a combination of molecular biology and process oriented measurements to study the cell biology and biogeochemical activity of the dominant bacterioplankton groups in the western Sargasso Sea. It is anticipated that a comprehensive culture collection representing open ocean microbial diversity will result from this effort. These efforts contribute to understanding how elemental cycling and energy flux are partitioned among

species, as well as provide cell culture collections and environmental DNA clone libraries that give scientists access to bacterioplankton biodiversity. 

More details at:

http://www.bbsr.edu/cintoo/microbial_observatory/microbial_observatory.html
A Multiscale Modeling Approach for S2O2

Dennis J. McGillicuddy, Jr.

Department of Applied Ocean Physics and Engineering

Woods Hole Oceanographic Institution

Woods Hole, MA 02543

Tel: 508-289-2683 Fax: 508-457-2194

Email: dmcgillicuddy@whoi.edu

Modeling and remote sensing can help provide context in which to interpret the time series measurements from the Sargasso Sea Ocean/Atmosphere Observatory.  The general approach is to use a three-dimensional coupled models together with in situ observations and a full complement  of remotely sensed information (altimetry, ocean color, scatterometry and AVHRR) to study the biological  and chemical ramifications of spatially and temporally intermittent physical processes.  Our strategy is multiscale, and results to date consist of two related elements: (1) a regional hindcast model that is used to interpret measurements made at the BATS site, and (2) an eddy-resolving model of the North Atlantic used to assess the role of mesoscale processes in controlling basin-scale biogeochemical budgets.   These elements are discussed in more detail below.

Dynamical Interpolation of Mesoscale Flows in the Topex/Poseidon Diamond Surrounding the U.S. JGOFS Bermuda Atlantic Time-series Study Site

 (See http://science.whoi.edu/users/mcgillic/tpd/tpd.html)

An open boundary ocean model has been configured in a domain bounded by the four Topex/Poseidon (T/P) ground tracks surrounding the U.S. JGOFS Bermuda Atlantic Time-series (BATS) site (McGillicuddy and Kosnyrev, 2001; see Figure 1).  This implementation facilitates prescription of model boundary conditions directly from altimetric measurements (both T/P and European Resource Satellite ERS-2).  A hindcast simulation has been constructed using actual altimetric observations during the period October 1992 through September 1998.  Quantitative evaluation of the simulation suggests significant skill.  The correlation coefficient between predicted sea level anomaly and ERS observations in the model interior is 0.89; that for predicted versus observed dynamic height anomaly based on hydrography at the BATS site is 0.73.  Comparison with idealized experiments using simulated data suggests that the main source of error in the hindcast is temporal undersampling of the boundary conditions.  

This hindcast simulation provides a basis for retrospective analysis of BATS and observations in the context of the mesoscale eddy field.  We have begun this activity using a time series record of particle flux based on Thorium measurements made by Ken Buesseler (Figure 2).  During the three year record, there are three export events which rise above the 1000 dpm noise level of this particular measurement (delineated by dashed lines in Figure 2a).  The T/P diamond modeling system was used to see whether or not these high flux events were associated with mesoscale eddies.  As it turns out, each of the three events took place when eddy features were present.  The first two were associated with cyclonic features (negative sea level anomalies), while the last one was associated with a positive sea level anomaly.  Contemporaneous hydrographic measurements reveal the latter to be associated with a Mode water eddy, a thick bolus of 18-degree water that depresses the main thermocline and lifts the seasonal thermocline.  The impact of such features on upper ocean biogeochemical properties thus has the same sense as a cyclonic feature: elevated isopycnals lift nutrient-rich water into the euphotic zone, causing the accumulation of phytoplankton biomass in their interiors (McGillicuddy et al., 1999).  Thus the high particulate flux events inferred from Buesseler's Thorium flux measurements appear to be consistent with eddy-driven mechanisms.  However, it is clear that not every strong negative sea level anomaly is associated with high Thorium flux (Figure 2b).  This is not necessarily inconsistent with eddy driven upwelling, because the nature of the biological response depends on the temporal evolution of the eddy itself.  For example, a decaying cyclone will actually have downwelling in its interior as the isopycnals subside to their original depths. Work is ongoing to assess the life history of each of these features in order to further examine the connection between eddy dynamics and export flux.

The role of mesoscale eddies in basin-scale biogeochemical budgets of the

North Atlantic: results from a high resolution (0.1 degree) simulation

(See http://science.whoi.edu/users/mcgillic/pop-bgc/pop-bgc.html)

Several different lines of evidence have emerged which suggest that mesoscale eddies are an important mode of nutrient transport to surface waters of the oligotrophic open ocean.  These include: (1) regional eddy resolving numerical calculations, (2) mesoscale biogeochemical surveys, (3) high temporal resolution moored time series, (4) ocean color imagery, and (5) satellite-based statistical models.  Nutrient flux calculations from (1) and (5) suggest that eddy-induced nutrient transport is sufficient to balance geochemical estimates of new production for the Sargasso Sea (McGillicuddy et al., 1998).  Until very recently, mesoscale phenomenology was not accessible in large-scale ocean models-- eddy resolving simulations were only possible in regional contexts.  Increased computational capability, together with progress in ocean modeling, have facilitated some of the first truly eddy resolving basin-scale simulations (Smith et al., 2000).   We have incorporated an idealized nutrient transport model into a 0.1 degree resolution simulation of the North Atlantic, using the Los Alamos Parallel Ocean Program (POP; see Figure 3).  Diagnosis of the model solutions suggests that, except for the wintertime period of deep convection, the dominant mechanism of nutrient input to the euphotic zone is vertical advection by eddies.  Annual fluxes in the Sargasso Sea are of the same order as the regional estimates mentioned above.

This research is done in collaboration with Dr. L.A. Anderson (WHOI), Dr. S.C. Doney (NCAR) and Drs. M.E. Maltrud and R.D. Smith (LANL).

It is hoped that high-resolution basin scale models of this type will provide a useful framework for interpretation and large-scale synthesis of measurements made by the various elements of the Sargasso Sea Ocean/Atmosphere Observatory.



Figure 1.  An example snapshot (31 October 1995) from the central hindcast of the T/P Diamond Model System. Upper left: predicted SLA; upper right: objectively analyzed SLA (solid and dashed lines show T/P and ERS ground tracks, respectively); lower left: difference between simulated and observed SLA; lower right: time series of RMS difference between simulated and observed SLA average over the model interior (white vertical bar indicates the time of this particular snapshot).



Figure 2.  Top: time series of sea level anomaly and Thorium-based export flux.  The dotted line indicates the 1000 dpm noise level of this particular export measurement; vertical dashed lines denote the temporal windows of the three eddy events associated with high export.  Bottom: export plotted as a function of sea level anomaly.



Figure 3.  Snapshots of temperature and new production in a 0.1 degree resolution simulation of the North Atlantic.
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Introduction To O-SCOPE

Tommy Dickey

UCSB

The National Ocean Partnership Program (NOPP) sponsored Ocean-Systems for Chemical, Optical, and Physical Experiments (O-SCOPE) project was funded beginning August 13, 1998 for a period of two years.   O-SCOPE addresses the need for next-generation, autonomous, near real-time, nearly continuous, long-term, time-series measurements in critical regions of the world ocean.  The program’s overall objective is to improve the variety, quantity, quality, and cost-effectiveness of observations in anticipation of a global ocean observing network of strategically placed moorings and other ocean platforms.  Benefits of O-SCOPE include the development of technologies, which can be used to quantify seasonal, interannual, and decadal changes in upper ocean biogeochemical, bio-optical, and physical variables.  These variables bear on understanding and predicting global climate change and its impacts on ocean chemistry and ecology.  Considerable progress and several breakthroughs have been made thus far with some of the sensors already being utilized in other NOPP projects and being commercialized

O-SCOPE Partners

The O-SCOPE partners are listed below.  Their various activities and contributions are detailed in the Preliminary Results Section.   

· Tommy Dickey (Lead-PI), Ocean Physics Laboratory (OPL), University of California, Santa Barbara (UCSB)

· Nick Bates, Bermuda Biological Station for Research, Inc. (BBSR), Bermuda

· Robert Byrne, University of South Florida (USF), St. Petersburg, FL

· Francisco Chavez, Monterey Bay Aquarium for Research Institute (MBARI), Moss Landing, CA

· Richard Feely, Pacific Marine Environmental Laboratory (PMEL), Seattle, WA

· Casey Moore, WETLabs, Philomath, OR

· Rik Wanninkhof, Atlantic Oceanographic and Meteorological Laboratory (AOML), Miami, FL

An O-SCOPE advisory committee provided feedback and suggestions during the project.  The committee included: Richard Barber (Duke University), Robert Bidigare (University of Hawaii), Scott Doney (National Center for Research), and Jorge Sarmiento (Princeton University).  Dialogue with the committee is included in O-SCOPE Reports.

O-SCOPE Objectives

Basic NOPP O-SCOPE objectives are to:

1. Identify key variables to be measured, determine capabilities and limitations of available sensors, and define specifications for next-generation sensors

2. Design, develop, and test integrated interdisciplinary systems for biogeochemical, bio-optical, and physical measurements (e.g., low-cost, easily deployed, reliable, robust)

3. Design a testbed mooring program (e.g., schedule deployments and cruises, establish sampling rates, select  instrument depths, coordinate seatruthing, etc.) 

4. Deploy next-generation interdisciplinary instrument suites on three moorings

5. Evaluate performances of new instrumentation and telemetry systems. 

O-SCOPE  Approach

Sensors measuring a host of interdisciplinary variables from moorings can be configured to provide a continuous early warning system to global change in the ocean (e.g., Global Ocean Observing System (GOOS) concept; Dickey, 1991, 2001a).  O-SCOPE has capitalized on a variety of recent technological advances (e.g., pCO2, pH, and alkalinity sensors, nitrate analyzers, spectral optical sensors, and data telemetry; see Friederich et al., 1995; Blain et al., 2000; DeGrandpre et al., 2000; Varney, 2000; Tokar and Dickey, 2000; Dickey, 2001a) to accelerate the implementation of a plan to instrument (i.e., network) critical regions of the ocean (e.g., North and South Atlantic Oceans, North and South Pacific Oceans, Southern Ocean) with long-term interdisciplinary moorings.  Data obtained from a mooring network of time-series observations can be extrapolated using complementary in situ platforms (e.g., profiling floats (e.g., ARGO), gliders, drifters, ships-of-opportunity, etc.), satellite remote sensing, and models.  A vision for the future is to develop an integrated system for enabling near real-time data distribution to the oceanographic community (for education as well as research) via the internet. We have utilized ongoing testbed mooring programs near Bermuda (i.e., Bermuda Testbed Mooring; BTM; see Dickey et al., 1997, 1998, 2001a) and in Monterey Bay (MOOS mooring; see Chavez et al., 1997), as well as existing measurement programs, capabilities, and facilities (e.g., Bermuda Atlantic Time-Series Study (BATS) directed by the Bermuda Biological Station for Research (BBSR); Monterey Bay Research Institute (MBARI)) for biogeochemical, bio-optical, and physical sensor development, testing, and seatruthing.  New instrumentation has also been deployed at Ocean Weather Station “P” (OWS "P") in the North Pacific Ocean . 

Preliminary O-SCOPE Results

Nick Bates (BBSR) has completed work with Liliane Merlivat (University of Paris VI) on the analysis of seawater pCO2 data collected from an autonomous buoy system (i.e., Carbon Interface Ocean Atmosphere; CARIOCA), tethered to the BTM.  Results for the comparison of CARIOCA pCO2 measurements with concurrent measurements of pCO2 from BBSR's ship, R/V Weatherbird II, have been reported in Marine Chemistry (Bates et al., 2000). This paper shows that the CARIOCA pCO2 measurements were accurate to within ± 3 (atm compared to shipboard measurements during deployments in June-July 1998 and December 1998-February 1999.  The high frequency of pCO2 (once every hour), temperature, fluorescence and meteorological data collected by the CARIOCA buoy have also provided useful information about the time scales of variability in the Sargasso Sea. Spectral analysis of the data reveals biogeochemical responses to diurnal heating and cooling and to atmospheric forcing over longer time scales (i.e., the passage of atmospheric fronts over the Sargasso Sea on 4-6 day periods). Inertial waves may also be impacting the surface ocean on 8-10 day periods. Nick has also worked with Mike DeGrandpre (University of Montana at Missoula) by deploying the Submersible Autonomous Moored Instrument  (SAMI) pCO2 system (DeGrandpre et al., 2000) from the BTM in the fall of 1999 through the spring of 2000.   The in situ groundtruthing of chemical sensors such as the CARIOCA and SAMI systems has been an important function of the O-SCOPE program.  Finally, Nick has done analyses of BATS biogeochemical data collected since October 1988.  These data are beginning to suggest that substantial interannual variability is modulated by ocean-atmosphere interactions that are likely related to the North Atlantic Oscillation (NAO) and El Niño-Southern Oscillation (ENSO). These analyses reveal year-to-year variability of biogeochemical parameters such as TCO2.  An important conclusion of this study is that new sensor technologies will have to accurately capture ocean variability over a range of time scales from the diurnal to the seasonal as well as interannual changes, which are modulated by climate phenomena. 

Francisco Chavez, Gernot Friederich, and Hans Jannasch (MBARI) have developed nitrate and (pCO2 measurement systems, which have been tested on the O-SCOPE moorings.  A time series was collected using the MBARI (pCO2 system during deployment from the BTM mooring for the period of June 1 through December 1, 2000.  Participation in the O-SCOPE program has also expedited the transfer of bio-optical instrument anti-biofouling technology (Chavez et al., 1999) to NOPP partners, UCSB and WETLabs. The major development and deployments involved several different nitrate and pCO2 sensors at the three mooring sites. The first major achievement was the building of a new controller board for the existing pCO2 sensors.  These controller board additions were utilized at OWS  “P” and then for the BTM mooring deployments.  MBARI’s  OWS “P” instrument packages consisted of a (pCO2 sensor and two nitrate analyzers (surface and 7 meters).  An automated batch process was utilized for the analysis of data from the instruments and the results were displayed on MBARI’s website.  The O-SCOPE BTM deployment with a MBARI (pCO2 instrument included a new gas inlet system.  A preliminary examination of the data from the BTM deployment indicates that the usual summertime sea surface CO2 supersaturation was interrupted during most of July when pCO2 returned to near atmospheric values. During the autumn, temperature and pCO2 dropped in concert.  Throughout the duration of the O-SCOPE project, hourly (pCO2 data were obtained from the MBARI M1 mooring in Monterey Bay.  Deployments at the M1 site have demonstrated that a one-year service interval can be achieved for the (pCO2 apparatus. No significant calibration or offset drift occurred between annual instrument servicing.   Another major advance has been the development of a prototype of a new generation MBARI pCO2 sensor.  The system measures absolute air and sea surface pCO2 and incorporates a self-powered oxygen sensor. An integrated gas sampling and distribution manifold has been designed and constructed, reducing the number of parts and cost. The CO2 unit uses a new smaller, lower cost infrared analyzer. Careful calibration allows operation of this instrument at ambient temperature, thus reducing power consumption significantly.  These changes have resulted in a self-contained instrument with internal batteries that occupy about 25% of the volume, utilizes about 15% of the power and costs about 30% of the original instrument.  The prototype was deployed on a drifter in September 2000 and subsequently on an MBARI mooring.  Finally, with the addition of Ken Johnson to the MBARI staff, we have available a new nitrate sensor based on the ultraviolet absorption of nitrate in seawater. 

Rik Wanninkhof (AOML) has worked with a dissolved oxygen (O2) sensor and a water sampler.  He has also led the effort to obtain remote sensing data for the OWS "P" region for the seatruthing activity.  Several autonomous oxygen sensors are available, but most are not stable for more then a month. Thus, the ability to quantify drift of O2 sensors is an important criterion for validation studies.  Different storage techniques to preserve water samples for O2 analysis were investigated.  This is part of an overall validation strategy to sample and preserve aliquots of seawater with a multi-sampler for subsequent onshore analysis.  Three second generation permeable membrane pulsed electrode systems were built by Dr. Chris Langdon of LDEO. The modifications involved extending battery life, increasing data storage capacity by data compression algorithms, improving membrane and solution stability, and new anti-fouling schemes.  The operational period was extended from two to six months.  Systems were tested on NOAA ship R/V Ron Brown using the continuous uncontaminated seawater line.  Two probes were subsequently deployed on the Bermuda Testbed Mooring.  Based on the initial experiences in the O-SCOPE project, a new O2 logger was developed; it incorporates an anti-fouling loop and conductivity sensor, which should be optimal for studies in productive waters. Finally, an autonomous water sampler was obtained from CHELSEA instruments.  It is programmable to take 36 samples at predetermined times for discrete validation samples during mooring deployments.  Tests on stability of CO2, O2, and nutrient samples in different sampling containers that can be connected to autosampler have been conducted.

Casey Moore (WETLabs) has developed a modular sensor suite for bio-optical sampling of natural water through extended deployments.  These include two new sensors: a chlorophyll fluorometer and a multi-angle scattering sensor.  Both instruments utilize a common electronics and housing design and incorporate monolithic potted optical assemblies.  While the sensors span two different types of instruments, multiple wavelength capabilities sought in the volume scattering function (VSF) sensors resulted in the development of four unique optical heads within the scope of this project. The instruments also featured new anti-fouling shutters for longer term deployments.  The WETLabs fluorometer allows the user to monitor chlorophyll concentration by directly measuring the amount of chlorophyll a fluorescence emission from a given sample volume of water.  The fluorometer uses two bright blue LEDs (centered at 455 nm and modulated at 1 kHz) to provide the excitation source.  The blue light from the sources enters the water volume at an angle of approximately 55–60 degrees with respect to the end face of the unit.  Fluoresced light is received by a detector positioned where the acceptance angle forms a 140 degree intersection with the source beam.  The optical scattering sensor measures scattering from particles at 100, 125, and 140 degrees concurrently.  By incorporating the multi-angle measurements, one can determine the shape of the volume scattering function throughout the angular range of the sensor.  Through interpolation, specific angles of scattering can then be matched to reflectance models used in remote sensing.  By extrapolation and integration, the backscattering coefficient can also be determined with accuracies to within 2 percent.  Both the fluorometers and the scattering sensors collected data successfully during extended deployments with the UCSB bio-optical instrument suites described in the following paragraph. Finally, WETLabs has provided the newly developed systems to another NOPP project and made them available commercially.

Tommy Dickey and the Ocean Physics Laboratory (OPL; UCSB) have coordinated the O-SCOPE project, leading workshops and editing and preparing project reports and overview papers.  The OPL’s primary technical focus concerned development of new optical systems (e.g., Manov et al., 1999; Dickey, 2001b) in collaboration with Satlantic (Marlon Lewis and Scott McLain). One of the important successes of this phase of the project was the development of a new anti-fouling copper shutter system for the spectral irradiance and radiance sensors; these appear to extend the useful deployment period by more than a factor of two.  Satlantic now markets a new anti-fouling system for their radiometers based in part on the OPL O-SCOPE development.   A suite of sensors was deployed by the UCSB OPL at the NOPP "P" site in October 1999.  A three-wavelength surface radiometer and one at 7 m were sampled once per hour and a digital data stream was stored in memory.  The radiometer systems were cabled to the PMEL buoy's data logger. Once per day the radiometer sensor systems were successfully interrogated by the PMEL surface data telemetry system for subsequent transmission by the Geostationary Observational Environmental Satellite (GOES) satellite.  A near real-time data archive was then generated for the O-SCOPE website.  Another sensor suite and logging system was deployed at 15 meters. Optical data were transmitted in near real-time from the OWS “P” mooring.  Using the BTM, the OPL has used systems to measure surface irradiance and radiance at 7 m and 15 m along with WETLabs fluorometers and three-wavelength backscatter sensors.  The OPL O-SCOPE results from the BTM and OWS “P” moorings have confirmed our earlier findings (and those described above by Nick Bates) showing that there is considerable variability associated with episodic events including hurricanes, mesoscale eddies, and daily biological phenomena.  These data are proving exceptionally valuable for the in situ groundtruthing of ocean color satellite data (Dickey, 2001b).  This methodology will facilitate extrapolation of mooring time series color data to broader ocean regions and will lead to enhanced utility of global ecological and climate data sets.   It is important to emphasize that biofouling has been the primary limiting factor for previous autonomous sampling platforms. The recent development of innovative anti-fouling methods by the collective O-SCOPE investigators will allow open ocean deployments of considerably increased duration (likely 6months and in some cases longer).   

Bob Byrne (USF) and his group have developed the autonomous in situ spectrophotometer, Spectrophotometric Elemental Analysis System (SEAS), which has been configured for measurements of the absorbance ratios of pH sensitive indicator dyes (Hopkins et al., 2000; Kaltenbacher et al., 2000).  Observations of seawater pH allow quantitative insights into the extent of anthropogenic carbon dioxide uptake in the surface ocean. Important components of this work have included (a) observations of instrument precision and accuracy under well-defined laboratory conditions, (b) development of autonomous data acquisition and transmission capabilities, and (c) demonstration of instrument durability during long-term deployments at OWS “P” in the North Pacific. The SEAS system autonomously mixes seawater and indicator dye, records absorbances at three wavelengths within the liquid core waveguide spectrophotometer cell, and communicates with external electronics for data transmission via the GOES system to shore-based facilities. Comparisons of the pH of seawater obtained in the laboratory using both the SEAS in situ system and a conventional shipboard system have indicated agreement to within approximately 0.008 pH units. The deployment of the SEAS pH sensor on the NOPP mooring was the first deployment of an autonomous spectrophotometric pH measurement system at sea.  During this mission, pH was measured once every three hours for a period of approximately one month.  No fouling problems were observed over this period of time. Data transmissions from SEAS ceased after one month. Analysis of the system after recovery indicated that seawater had leaked into the system around the shaft of one of the system’s peristaltic pumps.  Subsequent to observations of SEAS performance in the North Pacific, several problems have been addressed. The peristaltic pump systems for delivery of seawater and indicator to the sample cell have been modified to allow extended operations without leaks. In addition, newer SEAS systems are being designed for use with piston, rather than peristaltic, pumps. The lamps used in our previous measurements are being replaced by sources that have more uniform energy output over the spectral range of our absorbance measurements.  In conjunction with this change in source lamps, the spectrometer used in our previous studies is being replaced by a smaller unit with superior stability.  

Dick Feely (PMEL) and his group had the following objectives:  1) to provide verification of the sensor outputs by performing high quality referenced chemical analyses from water obtained from in situ water samplers and surface samples from ships tending the moorings; 2) to integrate, test, and deploy telemetry systems to be used with the new instrument systems deployed on the moorings; 3) to analyze data sets obtained from new sensors and systems and compare these with those obtained from shipboard measurements; and 4) to develop a robust graphical display of time series of key variables to be distributed via an internet web site, employing components of the Tropical Atmosphere Ocean (TAO) Data Software System.   Dick’s group led the O-SCOPE NOPP OWS “P” mooring effort.  The OWS “P” site is especially important because of its long historical database (i.e., on-station weather ship 1956-1981) and ship surveys (3-6 per year) from 1981-present.  Furthermore, OWS “P” data include atmospheric CO2 concentrations and seasonal surface water pCO2 measurements.  For the O-SCOPE OWS “P” mooring activity, a full suite of meteorological, physical, chemical and bio-optical sensors was included. The first deployment took place in October  1999.  Specific PMEL tasks included defining geochemical parameters for ship sampling; collecting underway measurements that included salinity, CO2, DIC, temperature, pH, nutrients, chlorophyll, and oxygen; and conducting water column measurements including salinity, CO2, alkalinity, DIC, temperature, nutrients, and oxygen.  The physical environment of the OWS "P" site and its general vicinity was well characterized during the R/V Ron Brown cruise, which was completed on October 25, 1999. PMEL was also responsible for the successful near real-time telemetry from the OWS “P” mooring. The data show moderate to strong winds, decreasing sea surface temperatures and constant salinity, which are consistent with a drop in sea surface fCO2 over the course of the NOPP cruise. The fCO2 values from the shipboard measurements fluctuated between + 5  and -7 µatm, which also is consistent with the mooring measurements.  The shipboard results indicate strong vertical gradients and weaker horizontal gradients. The horizontal zonal gradients in DIC, nutrients and other parameters might explain some the temporal changes in ∆fCO2 at the surface.  As localized CO2 depleted waters pass the mooring, ∆fCO2 can drop to negative values. This is in accordance with the remotely sensed chl-a data from SeaWiFS.  In addition, PMEL developed a new website for the O-SCOPE program:  http://www.pmel.noaa.gov/oscope/. The interdisciplinary mooring technology developed for the O-SCOPE project has been deployed on equatorial moorings at 0°, 155°W and 2°S 170°W.  

In summary, O-SCOPE has capitalized on recent technological advances to develop new interdisciplinary sensors and systems, which can be deployed from moorings and, in principal, other oceanographic platforms.  Ultimately, these instruments can become critical elements of a continuous early warning system to global change in the ocean and can accelerate the implementation of a plan to instrument (i.e., network) critical regions of the ocean with long-term interdisciplinary moorings.  We have also developed an integrated system of near real-time data distribution to the oceanographic community (for education as well as research) via the internet. We have capitalized on two ongoing testbed mooring programs (near Bermuda and Monterey Bay) and complementary ongoing shipboard sampling for groundtruthing the new instrumentation.  Importantly, we have transitioned next-generation technologies to the Tsunami Warning Mooring located at Ocean Weather Station “P” in the Pacific. The O-SCOPE project has enabled us to apply our partnership’s expertise to develop, test, and transition requisite next-generation technologies to the oceanographic community (e.g., via NOAA and private companies) for long-term monitoring and research of biogeochemical as well as physical processes.  Several new chemical and optical systems for mooring (and potentially other platforms) have been developed and laboratory tested as described above.  We have completed the field testing phase with deployments of the various systems from the three mooring sites: Bermuda (BTM), Monterey Bay (MBARI), and OWS "P" in the North Pacific.  Several data sets were successfully telemetered in near real-time from OWS "P."   A review of the work done under O-SCOPE is given in Dickey et al. (2001b).  Also, an O-SCOPE program introduction and workshop reports (Dickey et al., 1998, 1999) may be found on websites www.pmel.noaa.gov/oscope/ and www.opl.ucsb.edu/oscope.html.  In addition, several O-SCOPE papers were presented at the International Workshop on Autonomous Measurements of Biogeochemical Parameters in the Ocean (sponsored by Japanese ocean agencies).  The workshop was co-chaired by Koh Harada and Tommy Dickey in Hawaii in February 2001 and the papers will be distributed in the form of a CD-ROM.   Tommy Dickey and Koh Harada plan to arrange a special session on biogeochemical sensors for the AGU/ASLO in 2002 with a follow-on workshop on the same topic to be lead by Toshiro Saino and Tommy Dickey.  
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Moored Profiler Observations In Support Of An Ocean Timeseries Program In The NW Atlantic

John Toole and Daniel Frye

Woods Hole Oceanographic Institution

A moored instrument capable of making repeated profiles of the ocean has recently been developed at the Woods Hole Oceanographic Institution with the support of the U.S. National Science Foundation, the Office of Naval Research, the National Oceanic and Atmospheric Administration and the WHOI Director's Discretionary Fund.  The device, termed the Moored Profiler, is designed to travel up and down a conventional subsurface oceanographic mooring carrying sensors to observe the water properties and ocean velocity at high-vertical resolution. It's design goal is to acquire vertical profile data of comparable quality to what can be obtained using ship-based, wire-lowered instruments. But being autonomous and self-propelled, the Moored Profiler allows such observations to be made at high temporal resolution over long times at remote, inclement sites. The MP system, in combination with drifting, gliding and/or self-propelled profiling instruments shows promise for efficient sampling of future ocean climate change. The instrument is already proving valuable in ocean process experiments.

Moored Profilers have to date been equipped with Conductivity- Temperature-Depth (CTD) sensors for estimating the ocean's temperature and salinity as a function of pressure, and multi-axis, acoustic-travel-time current meters for measuring the ocean's velocity profile. Both are supplied by Falmouth Scientific, Inc. of Falmouth, MA. The fitting of additional or alternate sensors is straightforward.  In 1998 the MP technology was licensed to McLane Research Laboratories, Inc. of Falmouth MA who are now producing an operational version of the Profiler. To facilitate the widespread application of the Moored Profiler to research problems in ocean sciences, a shared-use pool of instruments has been created at the Woods Hole Oceanographic Institution as part of the WHOI Physical Oceanographic Observing Laboratory.

Technical descriptions of the Moored Profiler are given in the following papers:

Doherty, K. W., D. E. Frye, S. P. Liberatore, and J. M. Toole, 1999.  A moored profiling instrument. Journal of Atmospheric and Oceanic Technology, 16, 1816--1829.

Toole, J. M., K. W. Doherty, D. E. Frye, and S. P. Liberatore, 1999.  Velocity measurements from a moored profiling instrument. Proceedings of IEEE, Sixth Working Conference on current Measurement, March 11--13, 1999, San Diego, pp.  144--149.

Morrison, Archie T., III, J. D. Billings, K. W. Doherty and J.  M. Toole, 2000.  The McLane Moored Profiler: A Platform for Physical, Biological, and Chemical Oceanographic Measurements.  Proceedings of the Oceanology International 2000 Conference March 7-10, 2000. Brighton, UK.

A web site containing descriptive information, instrument specifications, representative data and a history of recent scientific deployments may be found at:  http://hrp.whoi.edu/mprof/mp_main_page.html

Presently, a group of WHOI investigators (in consultation with BBSR researchers) are planning a sustained measurement program to investigate annual to interannual variability of the North Atlantic's subtropical gyre western boundary circulation and water masses.  This program will hopefully include one Moored Profiler station off Bermuda in support of BATS/Hydrostation S and one on the 3000 m isobath on the continental slope south of Woods Hole (the latter within an array of conventional current meter moorings that will observe the deep western boundary current).  The two Profiler stations bracket the climatological Gulf Stream position and will return estimates of the time-varying baroclinic transport of the Stream.  Both stations will be positioned to lie under an altimeter ground track, so consequently estimates of the sea surface topography fluctuations and associated across-track geostrophic velocity variations as a function of distance will be obtained every 10 days to complement the Profiler-based estimates of spatially-averaged geostrophic flow between the moorings.  We hope that the URI direct velocity program based on the Oleander will also continue.  (The Oleander track lies just upstream from the rhumb line between the two Moored Profiler stations.)  The Profiler moorings will be serviced on a 9-month schedule, at which time a full-depth hydrographic section will be occupied from the continental shelf off Woods Hole to Bermuda.  The conventional current meter moorings sampling the DWBC on the U.S. side will be serviced every other or every third cruise.  We anticipate that this program skeleton will be augmented by fellow researchers interested in adding sensors to the Profiler moorings or making adjacent installations, and/or participating in the repeat-hydrographic subprogram.  In conjunction with the new field observations, an analysis of the hydrographic and current meter archives will be conducted to synthesize a temporal record for the northern station to complement the near-50-year record now available from Bermuda.  This effort will help develop an historical perspective for the new observations.

The resulting new data, buttressed by the historical record, will support a variety of climate-timescale studies of the Slope Water and Sargasso Sea water masses, and of the Gulf Stream, and Deep Western Boundary Current systems.  We are particularly keen to research possible decadal-timescale changes in the Gulf Stream's  baroclinic structure and transport, possibly related to variations in the DWBC.

BBSR Satellite Laboratory

Norm Nelson,

UCSB

We are interested in the application of remote sensing and ocean optics technology to the problem of assessing biogeochemical cycles in the Sargasso Sea. The Bermuda Bio-Optics Project (BBOP) has been making time-series measurements of the optical properties of the water column near Bermuda since 1992, providing a basis for these studies. The Satellite Laboratory has been making remote sensing studies of the Sargasso Sea since mid-1994.

As part of the U.S. Joint Global Ocean Flux Study (JGOFS), researchers from the Bermuda Biological Station for Research are conducting long time-series studies of biogeochemical cycles in the Sargasso Sea near Bermuda. This project, the Bermuda Atlantic Time Series (BATS) involves making monthly measurements of important hydrographic and biological parameters throughout the water column at several sites (see map). To understand the effect of regional variability on the data collected at the time-series sites, we are using satellites to look at changes in the characteristics of the ocean over wide areas. This way we can observe features such as eddies, cloud patterns, and the Gulf Stream meanders in a way that we cannot observe from a ship.

Capabilities

· SeaSpace L-Band HRPT receiver
1 m Antenna
HR-250 Receiver
TAC-92 Antenna Controller
Orbital SeaWiFS Ground Processor

· AVHRR and SeaWiFS reception
Real-Time SeaWiFS Decryption Site

· Software:
SeaSpace TeraScan 
GSFC SeaDAS / IDL

· Off-line archive (CD, Optical, Tapes)

Products

· SeaWiFS Level 1A HRPT files
uploaded to GSFC DAAC
(http://daac.gsfc.nasa.gov/)

· 2 Level 3 std. Products
1 km central Sargasso / Bermuda region
~3 km basin scale

· Browse images and composites


Data Access

· SeaWiFS L1A HRPT files
Access via Goddard DAAC
(http://daac.gsfc.nasa.gov/)

· Other Products
Talk to Norm
BBSR is bandwidth-limited

· Future: Record will be incorporated in to UCSB’s Earth System Science Workbench (ESSW) database and will be Web-enabled.

Research Projects

· Hurricane Wakes (Summer 1995)

· pCO2 and CO2 flux spatial gradients
(Nelson, Bates, Siegel, Michaels)

· Spring New Production
Temperature: Nitrate relationships
(Nelson, Siegel, Yoder)

· Summer New Production
Altimetry and Eddies
(Siegel, McGillicuddy, others)

Research Projects – Future Directions

· Spatial variability of CDOM dynamics
Wakes, eddy pumping impacts?

· Eddy pumping impact upon chlorophyll
signatures, census, relate to altimetry

· Interannual variability of meridional gradients of temperature and ocean color properties

http://www.bbsr.edu/satellite/
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Sargasso Sea Ocean/Atmosphere Observatory (S2O2) Workshop Agenda

March 6-8

Bermuda Biological Station for Research, Inc.

Ferry Reach, Bermuda

March 5
Arrivals into Bermuda



Taxi’s (shared when possible) to BBSR 

Room assignments, room keys and maps for BBSR will be found in envelopes at Reception.

1600 
Presentation/tour by Marine Superintendent Lee Black about the RV Weatherbird II. Meet in the Sunderman Room (above the library).

Beer & Wine Social in the Wright Hall lounge. (Host: T. Knap)

1830
Dinner in Wright Hall
***********************************************************************

March 6
0745
Breakfast in Wright Hall dining room each day


0900
Meeting commences in Hanson Hall at BBSR




Welcoming remarks by Director Tony Knap




Housekeeping remarks.


0920
Introduction to the Workshop: An Early Vision for S2O2  (Hansell)


0935
Session A: Introduction of S2O2 elements (20 minutes each) (Chair: Hansell)

Some information to convey when introducing your project: What are the broad scientific questions; what is the project history, present status, and future; what are the operational requirements/features of your work; what are your data streams, what is their timeliness and availability, now and in the future; how do you envision your project contributing to the definition of what S2O2 should be; how does your project need to be improved or augmented so as to greatly support the other elements of S2O2 or other ocean observing programs; anything else we need to know.

Time-series Elements

Hydrostation S – Bates (BBSR)

Oceanic Flux Program (OFP) – Conte (WHOI)

Bermuda Atlantic Times-series Study (BATS) - Knap  (BBSR)

Bermuda Test-bed Mooring (BTM) – Dickey (UCSB)

The Bermuda Bio-Optics Project (BBOP) – Nelson (UCSB)

CARIACO: Carbon Retention In A Colored Ocean – Muller-Karger (USF)

CaTS: Caribbean Time Series – Capella (UPRM)

1200
Lunch in Wright Hall
1300 
Element introductions: Hydrography Time-series

The Oleander Section – Zhang (URI)

High Density XBT Lines – Baringer (AOML)

Florida Current Time Series – Baringer (AOML)

1415
Coffee Break (25 minutes)

1540
Element Introductions: Atmospheric Programs and Technology 

“WATOX to AEROCE” – Keene (UVa)

Regional Atmospheric Work – Savoie (RSMAS)

Bermuda AEROCE Tower – Church (UDel)

Aerosol Fluxes at the Air-Sea Boundary – Conte (WHOI)

Bermuda Weather Service – Williams (BWS)

1740
Break for Dinner 

Dinner in Wright Hall

1930
Talk by Dave Martin on OCEAN.US (Hanson Hall)

***********************************************************************

March 7
0830
Meeting resumes in Hanson Hall



Housekeeping issues if any

0840
Continue project presentations from previous day 

MITESS - Boyle (MIT)

BATS Carbon – Carlson (UCSB)

pCO2 Monitoring  - Bates (BBSR)

BATS Ancillary Programs – Steinberg (VIMS)

Microbial Observatory – Giovannoni (OSU)

Modeling Mesoscale Biogeochemical Processes – McGillicuddy (WHOI)

Coffee Break (15 minutes)

1040 
Ocean Technology/Facilities 

O-SCOPE – Dickey (UCSB)

Moored profilers  - Frye (WHOI)

Satellite Technology – Nelson (UCSB)

RV Weatherbird II – Bates/Johnson (BBSR)

1200
Lunch in Wright Hall
Resume meeting in Hanson Hall


Session B: Context for S2O2  (Chair: Dickey) (2 hours)

What are the emerging US programs that we need to be aware of? What are the physical, biogeochemical, atmospheric observational programs that are developing in the North Atlantic? What are their goals?  Likewise, what are the international programs to be accommodated?  Insights from agency/program representatives sought in this session.

1500
Coffee Break 

1520  
Field trip to the AEROCE Tower site

Dinner in Wright Hall

1930
Resume meeting in Hanson Hall

Session C: What might S2O2 look like in the future? (Chair: Frye) (1.5 h)

The synthesis of emerging platforms and sensors, modeling, and data assimilation.  Tommy Dickey presentation (40 minutes) on the “The Bermuda Testbed Program: A Vision of the Future”.

***********************************************************************

March 8
0830
Meeting resumes in Hanson Hall


Housekeeping issues if any
0840 
Session D: S2O2 Collaborations and Resources (Chair: Conte)(1.5 h)

How can we improve/extend collaborations, synergies, optimal use of present day resources including the various platforms (ships, moorings, AUVs, gliders, floats, towers, etc.) and collective data and models?

Coffee Break (20 minutes)

1030
Session E: S2O2 – Central Accomplishments (Chair: Bates)(1.5 h)

Articulate accomplishments that can be achieved ONLY through the implementation of S2O2.  What are the specific science, technological and long term observation accomplishments that should be central accomplishments for S2O2?  What are specific contributions we can make now or in the future to the international observing efforts?  How will the accomplishments be met (who is planning to do what in the near future?)? What should be our immediate next steps toward realizing accomplishments?

1200
Lunch in Wright Hall
1300  
Session F: S2O2 Organization (Chair: Church)(2 h)

How should S2O2 be structured and organized? Should there be an executive committee? Should subcommittees form to advance the efforts identified as critical (technology/facilities, education/outreach, modeling/data assimilation, data feeds within and without S2O2, etc.) Do we need a charter?  What should be our immediate next steps in terms of organization?
Coffee (30 minutes)

1545
Session G: Closing Issues (Chair: Hansell)

1800  
Dinner at Wright Hall
********************************************************************

March 9
Check out at Reception.  Taxi’s to the airport.  (If you have an early flight Friday morning, be sure to check in with Reception Thursday afternoon)
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