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The Sustained Ocean Observing System for Climate
FY 2007 Annual Report

System Management
Mike Johnson
Office of Climate Observation

Project Summary

Introduction

The Office of Climate Observation (OCO) is a project office established in 2003 under
the auspices of the Climate Program Office (CPO) to manage the ocean sub-capability of
the Climate Observations and Analysis Program. NOAA'’s Climate Goal, via the OCO,
provides the backbone of the Global Component of the U.S. Integrated Ocean Observing
System (IOOS). IOOS is the U.S. contribution to the international Global Ocean
Observing System (GOOS), which is the ocean baseline of the Global Earth Observation
System of Systems (GEOSS).

Figure 1. The Networks that make up the Sustained Ocean Observing System for Climate
are (from lower left to upper right): Dedicated Ships, Ships of Opportunity, Ocean
Reference Stations, Tide Gauge Stations, Arctic Observing Systems, Tropical Moored
Buoys, Surface Drifting Buoys, Argo Profiling Floats, and Continuous Satellite Missions
for sea surface temperature, sea surface height, surface vector winds, ocean color, and sea
ice. Not illustrated are the Data & Assimilation Subsystems and Product Delivery.



It is the job of OCO to advance the multi-year Program Plan for Building a Sustained
Ocean Observing System for Climate. The intended outcome is a sustained global system
of complementary in situ, satellite, data, and modeling subsystems adequate to accurately
document the state of the ocean and to force climate models. The observing system is
being put in place to meet climate requirements but it also supports weather prediction,
global and coastal ocean prediction, marine hazard warning systems (e.g., tsunami
warning), transportation, marine environment and ecosystem monitoring, and naval
applications. Many non-climate users also depend on the baseline composite system that
is nominally referred to as the sustained ocean observing system for climate.

Responsible Institutions

The “Networks” are managed by 22 distributed centers of expertise at the NOAA
laboratories, centers, joint institutes, universities and business partners. The “System” is
centrally managed at the Office of Climate Observation. Specifically, OCO’s tasks are
to:
* Monitor the status of the globally distributed networks; report system statistics
and metrics routinely and on demand;
e Evaluate the effectiveness of the system; take action to implement improvements
through directed funding;
* Advance the multi-year program plan; evolve the in sifu networks through
directed funding;
* Focus intra-agency, interagency, and international coordination;
* Organize external review and user feedback; and
* Produce annual reports on the state of the ocean and the adequacy of the
observing system for climate.

The distributed centers of expertise that are implementing NOAA’s contributions to the
system are at AOML, PMEL, ESRL, GFDL, JIMAR (University of Hawaii), JIMO
(Scripps Institution of Oceanography), CICOR (Woods Hole Oceanographic Institution),
JISAO (University of Washington), CIMAS (University of Miami), CICAR (Columbia
University), CIFAR (University of Alaska), NCDC, NODC, NGDC, CO-OPS, OMAO,
NDBC, NCEP, FSU (Florida State University), LSA, and CLS America. The
contributions of these centers of expertise are summarized by the project managers in
their individual reports.

Across the NOAA centers and partner institutions there are 49 Federal employees and
119 non-Federal employees working to implement the system. Within the OCO project
office there are six Federal employees and one non-Federal; one of the OCO Federal
employees is detailed to the JCOMM Secretariat at the international GOOS Project
Office at IOC/UNESCO in Paris.

Partnerships are central

A global observing system by definition crosses international and institutional
boundaries, with potential for both benefits and responsibilities to be shared by many. In



addition to the work specifically supported through the OCO program, NOS, NMFS, and
NWS maintain observational infrastructure for ecosystems, transportation, marine
services and coastal forecasting that do or have potential to contribute to climate
observation. NOS sea level measurements in particular provide one of the best and
longest climate records existent. NESDIS data centers are essential. OMAO ship
operations are necessary for supporting the ocean observing system. NESDIS continuous
satellite missions are needed to provide remote sensing that complements the in situ
measurements. All of the OCO contributions to global observation are managed in
cooperation internationally with the Joint WMO/IOC Technical Commission for
Oceanography and Marine Meteorology (JCOMM). The National Science Foundation
has initiated the Ocean Observatories Initiative, which will potentially provide significant
infrastructure in support of ocean climate observation. = The ongoing NSF-NOAA
cooperative project for CLIVAR-ocean carbon surveys has proved to be an interagency-
international-interdisciplinary success. The Office of Naval Research maintains a
GODAE data server at Monterey that is critical to global data access. The UNOLS fleet
provides ship support for ocean operations. NASA’s development of remote sensing
techniques is key. The ocean climate research being conducted by the CPO science
programs, other NOAA programs, NASA, NSF, and the Navy provides the advancements
in knowledge that are essential for continuous system improvement.

Mission and Requirements

The mission of the OCO is to build and sustain a global climate observing system that
will respond to the long term observational requirements of the operational forecast
centers, international research programs, and major scientific assessments. The focus is
on building the in situ ocean component. The top-level requirements are to:

* document long term trends in sea level change;

* document ocean carbon sources and sinks;

* document the ocean’s storage and global transport of heat and fresh water; and

* document ocean-atmosphere exchange of heat and fresh water.

Deliverables

The ocean climate observing system must have the capability to deliver continuous
instrumental records and analyses accurately documenting:

* Sea level to identify changes resulting from climate variability;

* Ocean carbon content every ten years and the air-sea exchange seasonally;

* Sea surface temperature and surface currents to identify significant patterns of
climate variability;

* Sea surface pressure and air-sea exchanges of heat, momentum, and fresh water to
identity changes in forcing function driving ocean conditions and atmospheric
conditions;

* Ocean heat and fresh water content and transports to: 1) identify changes in the
global water cycle; 2) identify changed in thermohaline circulation and monitor
for indications of possible abrupt climate change; and 3) identify where anomalies



enter the ocean, how they move and are transformed, and where they re-emerge to
interact with the atmosphere; and

* Sea ice thickness and concentrations to identify changes resulting from, and
contributing to, climate variability and change.

Present ocean observations are not adequate to deliver these products with confidence.
The fundamental deficiency is lack of global coverage by the in situ networks. Present
international efforts constitute only about 59% of what is needed in the ice-free oceans
and 11% in the Arctic. The Second Report on the Adequacy of the Global Observing
System for Climate in Support of the UNFCCC concludes that “the ocean networks lack
global coverage and commitment to sustained operations...Without urgent action to
address these findings, the Parties will lack the information necessary to effectively plan
for and manage their response to climate change.”

In response to the Second Adequacy Report, international GCOS produced the
Implementation Plan for the Global Observing System for Climate in support of the
UNFCCC (GCOS-92). GCOS-92 was published in October 2004. It has been endorsed
by the UNFCCC and by the Group on Earth Observation (GEO). In particular:

1. The UNFCCC, Decision CP.10, “Encourages Parties to strengthen their efforts to
address the priorities identified in the [GCOS] implementation plan, and to
implement the priority elements ...”

2. The Global Earth Observation System of Systems (GEOSS) 10-Year
Implementation Plan Reference Document targets include: “Support
implementation of actions called for in GCOS-92.”

OCQ’s Program Plan for Building a Sustained Ocean Observing System for Climate is in
complete accord with GCOS-92 and provides the framework for NOAA contributions to
the international effort. In particular 21 of the specific actions listed in the GCOS-92
ocean chapter (pages 56-84) are being acted upon by the OCO program in cooperation
with the implementation panels affiliated with the JCOMM. These specific GCOS-92
actions now provide an excellent roadmap to guide observing system work plans.
GCOS-92 is accessible via link from the OCO web site: www.oco.noaa.gov -- click on
“Reports & Products.” The work supported by OCO is directed toward implementation
of this international plan and the projects are being implemented in accordance with the
GCOS Ten Climate Monitoring Principles. The OCO supported projects contributed
nearly half of the total international effort in 2007.

FY 2007 Accomplishments

The international global ocean climate observing system overall advanced from 56%
complete in 2006 to 59% complete in 2007. Of the 7723 in situ platforms maintained
globally, 3860 were supported by NOAA. The annual reports of the Project Managers
detail the specific advancements of the individual networks.



Initial Global Ocean Observing System for Climate
Status against the GCOS Implementation Plan and JCOMM targets

Total in situ networks 59% October 2007
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Figure 2: A schematic of the initial composite ocean observing system,
including the current status against the targets of JCOMM and the GCOS
Implementation Plan (GCOS-92).

The OCO program was reviewed 5-7 June 2007 in Silver Spring. The Fifth Annual
System Review brought together 78 project managers, data users, advisors, and program
managers both from NOAA and from other partner institutions to discuss system-wide
issues and engage in program strategic planning. External review of the program was
provided by the Climate Observing System Council (COSC).

The project office was relocated temporarily to the NOAA SSMC campus in November
2006 while the Wayne Avenue facilities were being refurbished and expanded to house
other national ocean programs. In July 2007, the project office was re-established at
1100 Wayne Avenue in the expanded facilities and is now co-located with the NOAA
IOOS Program office and the National Office for Integrated and Sustained Ocean
Observations (Ocean.US).



Global Ocean Observing System

Budget Allocation ($K)

Network FY 02 FY 03 FY 04 FY 05 FY 06 FY 07

Tide Gauge Stations 670 710 970 1196 1177 1196
Drifting Buoys 1699 2077 2769 3130 3427 3130
Tropical Moored Buoys 3175 3175 3625 4360 3094 3288
Ships of Opportunity 1960 1903 2487 2907 2776 2804
Argo Profiling Floats 6978 9706 9811 9491 9758 9796
Ocean Reference Stations 1983 2357 3271 3244 4205 5336
Ocean Carbon Networks 1478 2204 2875 3521 3482 3167
Arctic Ocean Observing Network 1937 4659 3988 5325 5237 3995
Dedicated Ship Time 0 626 523 92 542 482
Data & Assimilation Subsystems 2099 1803 3012 2826 1779 1993
Product Deliver, Analysis/Reanalysis 578 638 896 1982 2048 2580
Institutional Infrastructure 626 653 1269 1356 711 1344
Global Systems Total Expenditure 23183 30511 35496 39430 38236 39111
Funding Distribution

NOAA 15923
External 20213
Business 1320
Community Support (workshops, panels, JCOMM, CLIVAR, GOOS) 1655
Total 39111
Income Budget Lines

OAR Laboratories & Cooperative Institutes 5613 5389 5389
OAR Climate & Global Change Program 4886 4619 4619
OAR Climate Observations & Services 28575 24556 25603
NWS TAO/PIRATA 2695 2959
Other (one-time supplemental funding) 356 977 541
Total Income 39430 38236 39111

Table 1: System Funding Record
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Project Authors Web Site
Tide Gauge Stations
1. Global Sea Level Mark A. http://uhslc.soest.hawaii.edu
Observations Merrifield http://ilikai.soest.hawaii.edu/uhslc/products.html
http://ilikai.soest.hawaii.edu/RSL/
2. National Water Level | Stephen K. Gill, http://tidesandcurrents.noaa.gov
Program Support Chris Zervas, http://tidesandcurrents.noaa.gov/sltrends/sltrends.shtml
Towards Building a Lori http://tidesandcurrents.noaa.gov/sltrends/sltrends_global.shtml
Sustained Ocean Fenstermacher http://opendap.co-ops.nos.noaa.gov/content/
Observing System for
Climate
Drifting Buoys
1. The “Global Drifter Peter Niiler http://www.aoml.noaa.gov/phod/soto/gsc/index.php
Program” - Drifter http://www.aoml.noaa.gov/phod/dac/drifter bibliography.html
Measurements of
Surface Velocity,
SST, SSS, Winds and
Atmospheric Pressure
2. Surface Drifter Rick Lumpkin, http://www.aoml.noaa.gov/phod/dac/gdp.html
Program Silvia Garzoli http://www.aoml.noaa.gov/phod/ graphics/dacdata/forecast90d.gif
Tropical Moored Buoys
1. Tropical Moored Michael J. http://www.pmel.noaa.gov/
Buoy Array Program | McPhaden, http://www.pmel.noaa.gov/pirata/
(PIRATA, Indian Christian Meinig, | http://www.pmel.noaa.gov/tao/
Ocean Array, Flux Rick Lumpkin http://www.clivar.org/organization/indian/
Reference Stations, http://www.clivar.org/organization/indian/
Tropical Salinity, www.pmel.noaa.gov/tao/disdel/disdel.html
Engineering
Development)
2. Development of a Christian Meinig | http://www.pmel.noaa.gov/pico/
Next Generation http://www.rdinstruments.com/dvs.html
Platform and http://www.pmel.noaa.gov/stnP/data.html
Instrumentation for
Continuous Ocean
Observations (PICO)
3. Tropical Atmosphere | Landry Bernard, http://www tao.noaa.gov/
Ocean (TAO) Array Michael http://www pmel.noaa.gov/tao/
McPhaaden
Ocean Reference Stations
1. Ocean Reference Robert A. Weller, | http://www.oceansites.org/
Stations Albert J. http://uop.whoi.edu/projects/Stratus/stratus.htm
Plueddemann http://uop.whoi.edu/projects/NTAS/ntas.htm
http://uop.whoi.edu/projects/ WHOTS/whots.htm
http://www.pmel.noaa.gov/co2/moorings/hot /hot main.htm.
2.  Western Boundary M. Baringer, C. http://www.aoml.noaa.gov/phod/wbts/
Time Series in the Meinen, and S. http://www.aoml.noaa.gov/phod/floridacurrent/
Atlantic Ocean Garzoli
3. Flux Mooring for the | Meghan F. http://www.pmel.noaa.gov/keo/
North Pacific’s Cronin, Christian | http://www.pmel.noaa.gov/keo/
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3. Flux Mooring for the | Meghan F. http://www.pmel.noaa.gov/keo/
North Pacific’s Cronin, Christian | http://www.pmel.noaa.gov/keo/
Western Boundary Meinig, http://www.jamstec.go.jp/iorgc/ocorp/ktsfg/data/jkeo/
Current: Kuroshio Christopher L. http://www.pmel.noaa.gov/stnP/
Extension Sabine
Observatory (KEO)
4. Southern Ocean Arnold L.

Modern Observations/

Gordon, Bruce

Weddell Sea Huber
Moorings

5. Monitoring the Arnold L.
Indonesian Gordon, R. Dwi
Throughflow in Susanto
Makassar Strait

6. Meridional Uwe Send
Overturning
Variability
Experiment

7. Integrated Boundary
Current Observations
in the Global Climate
System

Uwe Send, Russ
Davis, Daniel
Rudnick, Peter
Niiler, Bruce
Cornuelle, Dean
Roemmich

8. High Resolution
Climate Data From
Research and
Volunteer Observing
Ships

Chris. W. Fairall

http://www.etl.noaa.gov/et6/air-sea/
http://www.esrl.noaa.gov/psd/psd3/air-sea/oceanobs/
http://www.esrl.noaa.gov/psd/psd3/wgst/
ftp://ftp.etl.noaa.gov/et6/cruises/
ftp://ftp.etl.noaa.gov/user/cfairall/werp wgsf/flux _handbook/

9. Assimilation,
Analysis and
Dissemination of
Pacific Rain Gauge
Data: PACRAIN

Mark L.
Morrissey, Susan
Postawko, J.
Scott Greene

http://pacrain.evac.ou.edu/
http://sparce.evac.ou.edu/
http://srdc.evac.ou.edu
http://www.pi-gcos.org/
http://pacrain.evac.ou.edu/pacusers.html
http://pacrain.evac.ou.edu/changes.html

Ships of Opportunity
1. High Resolution XBT | Dean Roemmich, | http://www-hrx.ucsd.edu
Transects Bruce Cornuelle, | http://www.brest.ird.fr/soopip/
Janet Sprintall,
Glenn Pezzoli
2. Ships of Opportunity | Molly O. http://www.aoml.noaa.gov/phod/hdenxbt/

Program (SOOP).
Volunteer Observing
Ships: Expendable
Bathythermograph
and Environmental
Data Acquisition
Program

Baringer, Gustavo
J. Goni, Silvia L.
Garzoli

http://www.aoml.noaa.gov/phod/xbt.php
http://www.aoml.noaa.gov/phod/trinanes/SEAS/
http://seas.amverseas.noaa.gov/seas/

2. Ships of Opportunity

Robert A. Weller,
Albert J.

http://kuvasz.whoi.edu/vos
http://frodo.whoi.edu

Plueddemann




FY 2007 OCO Annual Report
Chapter 2 Projects and Authors

1.

The Argo Project -

Dean H.
Roemmich, Russ
E. Davis, Stephen
C. Riser, W.
Brechner Owens,
Silvia L. Garzoli,
Gregory C.
Johnson

http://www.argo.ucsd.edu
http://argo.jcommops.org
http://www.usgodae.org/
http://www.ifremer.fr/coriolis/cdc/argo.htm
http://www.argo.ucsd.edu/FrBibliography.html

Ocean Carbon Networks

1. Global Repeat Richard A. Feely, | http://www.pmel.noaa.gov/co2/co2-home.html
Hydrographic/CO,/Tr | Rik Wanninkhof, | http://www.aoml.noaa.gov/ocd/gcc/co2research/index.html
acer Surveys In Christopher http://www.carboncyclescience.gov
Support of CLIVAR Sabine, Gregory http://ushydro.ucsd.edu/index.html
And Global Carbon C. Johnson,

Cycle Objectives: Molly Baringer,

Carbon Inventories John Bullister,

And Fluxes Calvin W.
Mordy, Jia-Zhong
Zhang

2. Surface Water pCO, Rik Wanninkhof, | http://www.aoml.noaa.gov/ocd/gcc/rvbrown_data2006.php
Measurements from Richard A. Feely, | http://www.pmel.noaa.gov/co2/uwpco2
Ships Nicholas R. http://www.aoml.noaa.gov/ocd/gcc/explorer_realtime.php

Bates, Frank J. http://www.bios.edu/Labs/co2lab/vos.html
Millero, Taro http://www.pmel.noaa.gov/co2/uw

Takahashi, http://www.ldeo.columbia.edu//CO2

Gustavo Goni http://cdiac3.ornl.gov/underway/servlets/dataset

3. APPENDIX. Taro Takahashi http://www.ldeo.columbia.edu/res/pi/CO2/
Underway CO, http://www.bios.edu/Labs/co2lab/vos.html
Measurements aboard http://www.oceansites.org
the RVIB Palmer and
Data Management of
the Global VOS
Program

4. High-Resolution Christopher L. http://www.pmel.noaa.gov/co2/moorings/
Ocean And Sabine, Francisco | http://www.oceansites.org/
Atmosphere Chavez, Nicholas
pCO,Time-Series R. Bates
Measurements

5. Optimal network Joellen L.

design to detect
spatial patterns and
variability of ocean
carbon sources and
sinks from underway
surface pCO,
measurements

Russell, Colm
Sweeney’ Anand
Gnanadesikan

Arctic Ocean Observing System

1.

The Arctic Research
Program, Fiscal 2006

John.Calder,
Kathleen Crane,
Jacqueline

www.arctic.noaa.gov
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Grebmeier, M.
Zhdanov, A.
Ostrovskiy,
Jackie Richter-
Menge, James
Overland, Igor
Polyakov,
Ignatius Rigor,
Taneil Uttal, Tom
Weingartner and

Terry Whitledge
Analysis
1. A Web Site for Yan Xue http://www.cpc.ncep.noaa.gov/products/ GODAS/
NCEP’s Global
Ocean Data
Assimilation System:
Data Link, Model
Validation and Ocean
Monitoring Products
2. In Situ and Satellite Richard W. http://www.ncdc.noaa.gov/oa/climate/research/sst/oi-daily.php
Sea Surface Reynolds http://www.ncdc.noaa.gov/oa/climate/research/sst/sst.html
Temperature (SST) http://www.emc.ncep.noaa.gov/research/cmb/sst_analysis/
Analyses
3. Development of Gregory C. http://oceans.pmel.noaa.gov/
Global Heat and Johnson, John M.
Freshwater Anomaly | Lyman, Josh K.
Analyses Willis
4. Ocean Heat and Sydney Levitus
Freshwater Content
Variability Estimates
5. Evaluating the Ocean | Claudia Schmid, | http://www.aoml.noaa/gov/phod/soto/
Observing System: Gustavo Goni
Performance
Measurement for
Heat Storage
6. A Fifty-Year Analysis | Lisan Yu and http://oaflux.whoi.edu
of Global Ocean Robert A. Weller
Surface Heat Flux
7. Climate Variability in | Mark A. http://www.coaps.fsu.edu/RVSMDC/FSUFluxes/
Ocean Surface Bourassa, Shawn | http://www.coaps.fsu.edu/RVSMDC/SAC/index.shtml
Turbulent Fluxes R. Smith, Eric
Chassignet
8. Air-Sea Exchanges of | Pingping Xie, http://www.cpc.ncep.noaa.gov/products/global precip/html/web.shtml
Fresh Water: Global John Janowiak,
Oceanic Precipitation | Phillip Arkin
Analyses
9. Evaluating the Ocean | Rick Lumpkin http://www.aoml.noaa.gov/phod/trinanes/java.html
Observing System: and Gustavo Goni | http://www.aoml.noaa.gov/phod/soto/gsc/index.php
Surface Currents
10. Quarterly reports on Molly Baringer, http://www.aoml.noaa.gov/phod/soto/mht/index.php

the state of the ocean:

Silvia Garzoli,
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10. Quarterly reports on Molly Baringer, http://www.aoml.noaa.gov/phod/soto/mht/index.php
the state of the ocean: | Silvia Garzoli,
Meridional heat Gustavo Goni,
transport variability in | Carlisle Thacker,
the Atlantic Ocean Rick Lumpkin
11. National Water Level | Stephen K. Gill, http://tidesandcurrents.noaa.gov
Program Support Chris Zervas, http://tidesandcurrents.noaa.gov/sltrends/sltrends.shtml
Towards Building a Lori http://tidesandcurrents.noaa.gov/sltrends/sltrends_global.shtml
Sustained Ocean Fenstermacher http://opendap.co-ops.nos.noaa.gov/content/
Observing System for
Climate
12. Satellite Altimetry Laury Miller http://ibis.grdl.noaa.gov/SAT/
13. Global Carbon Data Christopher L. http://cdiac3.ornl.gov/waves
Management and Sabine, Richard http://cdiac.esd.ornl.gov/oceans/global pco2.html
Synthesis Project A. Feely, Steve http://mercury.ornl.gov/ocean
Hankin, Rik http://cdiac.ornl.gov/oceans/CARINA/Carinal_inv.html
Wanninkhof, http://cdiac.ornl.gov/oceans/PICES/PICES _table.html
Tsung-Hung
Peng, Alex
Kozyr, Robert
Key, Frank
Millero, Andrew
Dickson
14. Determination of the | Robert L.
information content in | Molinari,
long-occupied Gustavo Goni,
Voluntary Observing
Ship (VOS)
Expendable
Bathythermograph
(XBT) transects
15. 16. Arctic Ice Jacqueline A. http://www.arctic.noaa.gov/reportcard/
Thickness: State of Richter-Menge, http://psc.apl.washington.edu/northpole/
the Arctic Report Jim Overland, http://www.whoi.edu/beaufortgyre/
Andrey http://www.damocles-eu.org/
Proshutinsky, http://iabp.apl.washington.edu/
Vladimir http://www.crrel.usace.army.mil/sid/IMB/index.htm
Romanovsky
16. Observing System D.E.Harrison
Research Studies
17. Simulation of the LV.

ARGO Observing
System

Kamenkovich, E.

S. Sarachik

Data and Assimilation

1.

Observing System
Monitoring Center

Steven Hankin,
Kevin J. Kern,

http://www.osmc.noaa.gov
http://osme.noaa.gov/OSMC

(OSMCO) Ted Habermann
2. World Ocean Sydney Levitus
Database Project
3. Enhanced Ocean Stephen J. Lord

Climate Products
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Ocean Data Tony Rosati,

Assimilation Brian Gross

Research at GFDL

Ocean Data Huai-Min Zhang | http://www.ncdc.noaa.gov/oa/rsad/blendedseawinds.html
Management at http://www7.ncdc.noaa.gov/CDO/CDOMarineSelect.jsp
NCDC http://www.ncdc.noaa.gov/oa/climate/vosclim/vosclim.html

U.S. Research Vessel
Surface Meteorology
Data Assembly
Center

Shawn R. Smith,
Mark A.
Bourassa, Eric
Chassignet

http://samos.coaps.fsu.edu/
http://www.coaps.fsu.edu/RVSMDC/html/data.shtml
http://samos.coaps.fsu.edu/html/data_availability.php
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TIDE GAUGE STATIONS

a. Global Sea Level Observation The University of Hawaii Sea
Level Center . ...

b. Natlonal Water Level Program Support Towards Building A.
Sustalned Ocean Observing System For Climate '




Global Sea Level Observations

The University of Hawaii Sea Level Center
Mark A. Merrifield
University of Hawaii
Honolulu, Hawaii

PROJECT SUMMARY

The University of Hawaii Sea Level Center (UHSLC) collects, processes, analyzes, and
distributes tide gauge data from around the world in support of climate and oceanographic
research. The UHSLC focuses on the collection of high frequency measurements that are
available in near-real time usually via the Global Telecommunications System (GTS). The
center complements the Permanent Service for Mean Sea Level (PSMSL), which is the primary
archive for historic monthly-averaged time series of sea level. Data are provided to the UHSLC
from ~ 450 stations maintained by 65 international agencies. In addition, the UHSLC directly
assists host countries in the maintenance and operation of 59 stations, including 7 stations with
colocated GPS for monitoring land motion at the tide gauge. The UHSLC is an active
contributor to the Intergovernmental Oceanographic Commission Global Sea Level Observing
System (GLOSS), and participates in operational and scientific oversight through the GLOSS
Group of Experts. The UHSLC is primarily concerned with the implementation of the Global
Climate Observing System (GCOS) sea level network, a subset of GLOSS designated as
particularly important for climate research.

The UHSLC distributes near real-time and historic data directly from its host web site,
http://uhslc.soest.hawaii.edu, through a dedicated OPeNDAP server, the Pacific Marine
Environmental Laboratory Climate Data Portal, the National Ocean Partnership Program
(NOPP) sponsored National Virtual Ocean Data System (NVODS) project, and the NOAA
Observing Systems Architecture (NOSA) geospatial and geospatial metadata databases. The
center also collaborates with NOAA’s National Oceanographic Data Center (NODC) to maintain
the Joint Archive for Sea Level (JASL), which is a quality assured database of hourly sea level
from selected global stations.

UHSLC datasets are used in conjunction with operational numerical models, for the calibration
of satellite altimeter data, the production of oceanographic products, and research on interannual
to decadal climate fluctuations and short-term extreme events. UHSLC station data are made
available directly to the Pacific Tsunami Warning Center and the Japanese Meteorological
Agency for tsunami monitoring, as well as to various national tsunami warning agencies. Over
the years the UHSLC has participated in national and international programs including
NORPAX, TOGA, WOCE, GODAE and CLIVAR.



ACCOMPLISHMENTS

Tide Gauge Operations

The UHSLC assists with the operation and maintenance of 59 international tide gauge stations in
collaboration with local operators (Figure 1). All of these stations transmit data via the GOES,
Meteosat, or GMT satellites. The transmission cycles have historically been between 1 to 3
hours of 2 to 6 minute averaged data; however, we are in the process of switching all stations
over to 5 to 15 minute transmissions of 1 to 3 minute averages, with even higher rates at major
tsunami generation zones. Of the 59 UHSLC stations, 46 contribute to the GLOSS Core
network, and 32 to the GCOS network. 7 are equipped with co-located GPS, and 14 are within
10 km of a continuous GPS reference site. The UHSLC shares responsibility for the sites with
local operators, which lowers our costs by reducing travel for our technicians while raising the
reliability of the stations and the data quality. At most locations, on-site personnel perform
regular maintenance, tide staff measurements, and provide security. UHSLC’s role has been to
provide spare parts as needed, to visit the sites on 1-3 year intervals to repair and upgrade
components and to ensure the proper operation of the station, to trouble-shoot problems as they
arise in coordination with local operators, and to quality assess the datasets.

Figure 1. Tide gauge stations operated and maintained with assistance from the UHSLC.



New station installations and upgrades of existing OCO stations during November 2006 through
October 2007 are listed in Table 1. Five stations involved substantial financial support from co-
sponsoring agencies (the Intergovernmental Oceanographic Commission, IOC; the Asian
Disaster Preparedness Center, ADPC). Our ability to accomplish these installations at low costs
to the co-sponsors was due to our core operational support provided by OCO. In turn, our
involvement in this implementation benefited the aims of the global sea level network and OCO
by ensuring that all stations are suitable for sea level monitoring as well as tsunami warning. All
are equipped with open-air radar sensors, and most feature a backup float gauge or acoustic
sensor, for stable and accurate long-term measurements. All of these sites are either in the
GLOSS Core Network or they will be proposed as new additions to the network at the next
GLOSS meeting. In addition, we intend to recommend many of these sites as replacements for
nearby GCOS stations that have a low probability of becoming operational.

Station Country Date of Visit Co-Sponsor
Christmas Island Kiribati 2006/11

Sibolga Indonesia 2007/02

Cilacap Indonesia 2007/02

Prigi Indonesia 2007/02

Saipan N. Marianas Is. 2007/02

Subic Bay Philippines 2007/02 ADPC
Davao Philippines 2007/02

Kanton Kiribati 2007/03

Acapulco Mexico 2007/05

Manzanillo Mexico 2007/05

Tern Island USA 2007/05

Moulmein Myanmar 2007/06 10C
Chittagong Bangladesh 2007/06 10C
Penhryn Cook Islands 2007/08

Rikitea Fr. Polynesia 2007/09

Papeete Fr. Polynesia 2007/09

Malakal Palau 2007/09

Yap Fed. Micronesia 2007/09

Nuku Hiva Fr. Polynesia 2007/09

Qui Nhon Vietnam 2007/10 ADPC
Vung Tau Vietnam 2007/10 ADPC
Dakar Senegal 2007/10

Palmeira Cape Verde 2007/10

Dataset Holdings

The Joint Archive for Sea Level (data latency: 1-2 years) is a collaborative effort between the
National Oceanographic Data Center (NODC), the World Data Center-A for Oceanography, and
the UHSLC. A NOAA Liaison officer supported by National Coastal Data Development Center
(NCDDC) helps maintain the JASL. The JASL consists of a quality assured database of hourly
sea level time series from stations around the world. We consider this to be our research quality
database, complementary to the monthly averaged data maintained as PSMSL. In the past year,
the UHSLC increased its JASL holdings to 11,460 station-years, including 6,870 station-years at
232 GLOSS sites. The 2007 submission of the JASL data to the World Data Center-A for



Oceanography included 161 series that contained measurements through the year 2005, and 49
series through 2006.

The UHSLC maintains a fast delivery database (data latency: 1 month) in support of various
national and international programs (e.g., GODAE, CLIVAR, GLOSS, GCOS). To ensure
active participation and coordination with the international community, the database has been
designated by the IOC as a component of the GLOSS program. The fast delivery data are used
extensively by the altimeter community for ongoing assessment and calibration of satellite
altimeter datasets. In particular, fast delivery data are used for monitoring the latest JASON
altimeter and for the tie between JASON, TOPEX/Poseidon, ERS, and GEOSAT satellites. The
fast delivery sea level dataset now includes 217 stations, 176 of which are located at GLOSS
sites, and 119 at GCOS sites.

We consider a fully operational network to have near real-time reporting capability. We post the
most recent 5 days of data from approximately 180 stations as part of our near-real time website
(http://ilikai.soest.hawaii.edu/RSL/). At most of these sites, the data are also available for direct
download. Real-time data are received via a number of transmission channels. For example, data
from UHSLC operated stations are received at the data center within minutes of transmission
using the geostationary meteorological satellite system and the GTS. Data from the U.K.

stations are received via email and updated within hours of transmission. NOAA CO-OPS data
are obtained via the GTS and a backup download from their web site. Data from Chile and other
countries that use the GOES are acquired via the GTS and also downloaded from the GOES web
site.

As part of the JCOMM SLP-Pac, the UHSLC operates a Specialized Oceanographic Center that
produces sea surface topography maps (monthly) and diagnostic time series (quarterly) for the
Pacific Ocean. This activity is a continuation of one of the earliest examples of operational
oceanography. The analysis includes comparisons of tide gauge and altimeter sea surface
elevations that are available at our web site (http://ilikai.soest.hawaii.edu/uhslc/products.html).

The center produces CD-ROMs that mirror the UHSLC web site. These CDs are distributed
with the JASL annual data report, shared with all data originators, and sent to other users upon
request. Over 100 were distributed again last year.

GCOS Network Status

The UHSLC is working with GLOSS and international partners to bring the 170 stations in the
GCOS network into full operational mode, which means having all stations report high quality
data in near-real time, with the majority of stations having some sort of vertical datum control
via GPS or DORIS. The status of the GCOS network is summarized in Figure 2. In the past
year, we’ve added approximately 17 new GCOS stations into the near-real time data stream, so
that 60% of the network is at that capability (72% are at Fast Delivery status or better). We
estimate that 77 of the GCOS stations have nearby (< 10 km) GPS or DORIS for datum control.
Immediate implementation plans for the GCOS network are described in the FY2008 work plan.
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Figure 2. Summary of GCOS station data availability at UHSLC as of November 2007. The
data must be sampled at one hour period or shorter. “Near real-time” are typically received
within 1 hour, “Fast delivery” within 4-6 weeks.

Research Highlights

Research during FY07 focused on annual reporting of sea level, extreme events, and sea level
rise estimates.

The seasonality of extreme sea level events has been quantified and related to tidal and storm
forcings. At a surprising number of stations, annual extremes are determined primarily by higher
than normal spring tides occurring at the equinoxes or the solstices. Maps of the amplitude and
phase of extreme springs tides has been published for a global set of tide gauges. A paper is in
press as part of the Aha Hulikoa workshop proceedings.

Estimates of globally averaged sea level from the GCOS or GLOSS networks are subject to
errors associated with sparse spatial coverage, varying tide gauge record lengths, and unresolved
vertical land motion at each station. An assessment of these errors has been made by comparing
estimates from the tide gauge network with more complete averages from altimeter observations
and SODA-POP model simulations. Even with simple spatial averaging strategies, the GCOS
network does reasonably well in reproducing global sea level variability when the majority of the
network is in operation. The results degrade as the number of available stations within latitude
bands decreases going back in time, particularly in the southern hemisphere. The impact of land
motion corrections on the global sea level estimates is assessed using vertical rates derived from
continuous GPS measurements. The error analysis is used to assess global sea level rise trends
obtained from the GCOS network and comparisons are made with rates derived from altimetry



and other recent tide gauge based studies. This work was presented at the Ocean Topography
Group meeting in Hobart and a manuscript is in preparation.

We are developing a global reference frame for determining vertical land motion at tide gauge
locations. This work is now in its final phase, with Michael Bevis at the Ohio State University
performing the global analyses of GPS time series. We intend to have maps of land rates at all
available GCOS and GLOSS stations by the end of the coming year.

We took part in the third OCO contribution to the BAMS State of the Climate report, describing
sea level patterns during 2006, and an update of global sea level rise estimates (Merrifield et al.,
2007).

Conferences, Meetings, Expert Panels, and Working Groups

e January 2007 — ICG/IOTWS WG Chairs Steering Group Meeting, Perth 2007.
* February 2007- NOAA IOTWS Project meeting, ITPT meeting, Washington DC.

*  March 2007 - Intergovernmental Coordination Group for the Indian Ocean Tsunami
Warning and Mitigation System (ICG/IOTWS-1V), Mombassa , Kenya.

e April 2007 — PTWS Officers meeting, Honolulu, Hawaii.
* June 2007 — GLOSS Group of Experts meeting, Paris, France.
e September 2007 - ICG/IOTWS WG?2 intersessional meeting, Jakarta, Indonesia

* September 2007 - The 22nd meeting of the Intergovernmental Coordination Group of the
Pacific Tsunami Warning System (ICG/PTWS-XXII), Guayaquil, Ecuador

* October 2007 — NOAA PRIDE investigators meeting, Honolulu, Hawaii

PUBLICATIONS AND REPORTS

Brooks, B. A., M. Merrifield, J. Foster, C. L. Werner, F. Gomez, M. Bevis, S. Gill, Space
geodetic determination of spatial variability in relative sea level change, Los Angeles basin,
Geophys. Res. Lett., 34, 1L.01611, doi:10.1029/2006GL028171, 2007.

Merrifield, M., G.T. Mitchum, S. Gill and P. Woodworth, Sea Level in State of the Climate in
2006, Arguez, A., ed., Bull. Amer. Met. Soc., 88, S1-S135, doi:10.1175/bams-88-6-
929Mitchum, G.T., R., 2007.

Merrifield, M. A., Y. L. Firing, and J. J. Marra, Annual climatologies of extreme water levels,
Aha Hulikoa workshop proceedings, in press, 2007.
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Estimates From Tide Gauges and Altimeters, Cambridge University Press (reviewed book
chapter), in press, 2007.



National Water Level Program Support Towards Building A

Sustained Ocean Observing System For Climate
Stephen K. Gill, Chris Zervas, and Lori Fenstermacher
NOAA National Ocean Service, Silver Spring, Maryland

PROJECT SUMMARY

The purpose of this document is to provide a progress report on a continuing program plan for
sea level observations that is being implemented by the NOS Center for Operation
Oceanographic Products and Services (CO-OPS) in support of the NOAA Climate Program
Office Global Ocean Observing System for Climate. Two tasks have been identified for which
the NOAA National Ocean Service (NOS) Center for Operational Oceanographic Products and
Services (CO-OPS) is providing support:

Task 1: upgrade the operation of selected National Water Level Observation Network
Stations to ensure continuous operation and connection to geodetic reference frames.

Task 2: operate and maintain water level measurement systems on Platform Harvest in
support of calibration of the TOPEX/Poseidon and Jason 1 satellite altimeter missions.

An third task, to develop and implement a routine annual sea level analysis reporting
capability that meets the requirements of the Climate Observation Program, is described
in the Product Delivery, Analysis/Reanalyis section of this report.

The fundamental URL’s are:

http://tidesandcurrents.noaa.gov for access to all programs, raw and verified data products,
standards and procedures, and data analysis reports and special reports.

http://opendap.co-ops.nos.noaa.gov/content/ for access to data through a new IOOS web portal.

http://tidesandcurrents.noaa.gov/sltrends/sltrends.shtml for access to the latest NWLON sea
level trends and monthly mean sea level anomalies.

http://tidesandcurrents.noaa.gov/sltrends/sltrends global.shtml for access to the latest sea level
trends and monthly mean sea level anomalies for a set of global sea level reference stations

The Climate Operating Monitoring Principles used by the Climate Program Office are very much
the same as used for the NOAA National Water Level Program (NWLP) for which the National
Water Level Observation Network (NWLON) is a long-term continuous operational
oceanographic network that’s strives to meet NOAA’s mission needs for tides and water levels.
The NWLP is an end-to-end program that is planned, managed, and operated to provide products
that meet user-driven needs. The program also consists of technology development, continuous
quality control, data base management, and operational readiness and fully open web-site for
data delivery. These data and related sea level products are made available over the web-site for
use by PSMSL, UHSLC, and the WOCE communities.



Tide Station Network
Task 1: Upgrade NWLON Remote Island Station Operations

There are several coastal and island NWLON stations critical to the Global Ocean Observing
System for Climate. The operation and maintenance of the ocean island stations of the National
Water Level Observation Network (NWLON) has been increasingly more difficult over time due
to the slow abandonment of the island facilities at which the stations reside. Finding routine
flights and flights which are cost effective are becoming increasingly difficult, yet these stations
require high standards of annual maintenance to ensure the integrity of their long term data sets.
Annual maintenance is even more important, in light of the fact that corrective maintenance is
logistically very difficult and expensive.

Other Station Locations

Figure 1. Ocean Island NWLON Station Map

Although operation of all of the long term NWLON and GLOSS stations is important, the
NOAA NWLON Ocean Island stations are being upgraded first with this funding to ensure their
continuous operation (NOS program funding and budget initiatives will be used for operation of
the coastal stations). These targeted funds are being used for travel costs and for upgrade to
backup systems. The upgrades include high accuracy acoustic or paroscientifc pressure sensors
and redundant Data Collection Platforms (DCP’s) with equal capability to the existing primary
systems. The station operations will also be enhanced with GPS connections to geodetic
networks followed by installation of CORS at selected sites. The following is a list of the ocean
island NWLON stations (not including Hawaii) that have been considered in this category as
priority for upgrade.

Station: CORS Operating StationUpgraded
Guam Yes 2007
Kwajalein Yes 2007
Pago Pago Yes yes

Wake No yes



Midway

Adak

Bermuda

San Juan. PR
Magueyes Island, PR
Charlotte Amalie, VI
St Croix, VI

No

Yes
Yes
No
No
Yes

Task 2: Satellite Altimeter Mission Support

yes

2008 planned

Support for the TOPEX/Poseidon satellite altimeter mission began with installation of an
acoustic system and a digibub system on Platform Harvest in 1993 (see figure 2). System
operations include provision of water level measurements relative to the satellite altimeter
closure analysis reference frame for calibration monitoring (see B. Hanes et al, Special Issue of
Marine Geodesy, 2003 “The Harvest Experiment: Monitoring Jason-1 and TOPEX-Poseidon
from a California Offshore Platform™. This station continues to support the Jason Altimeter

Missions.

Figure 2. Platform Harvest Calibration Site at which NOAA tide gauges are located.



CO-OPS special support has included periodic vertical surveys on the Platform necessary to
relate the water level sensor reference zeros (near the bottom catwalk) to the GPS reference zero
(located up top at the helipad on the Platform. Continuous data are required to monitor effects
of waves on the water level measurements and to ensure provision of data during the times of
altimeter overflights every ten days. The original acoustic system was replaced by a digibub
pressure system prior to the Jason-1 altimeter launch.

The two digibub pressure tide gauge systems are collecting continuous water level data streams
surveyed into the Platform and Satellite Orbit Reference frames. Funding is used cover travel
and routine an emergency maintenance and water level and ancillary sensor calibrations. Raw
and verified 6-minute interval water level data are posted on the CO-OPS web-site.

FY2007 ACCOMPLISHMENTS

Task 1:

Maintenance and upgrade of the ocean island NWLON stations continued. Redundancy
upgrades were installed at Kwajalein and Guam in FY 2007. The redundancy included the
installation of additional DCP’s and sensors at nearby, but independent, locations from the
existing primary locations.



Figure 3. The NOAA tide station at Kwajalein, which now includes redundant equipment.

Task 2:

Operation and maintenance of the Platform Harvest station (see Figure 3) continued the past
year. Coordination of activities continues with JPL. The redundant DCP that was previously
inactive was repaired and two DCP’s are now operational. JPL continues to provide reports on
the status of the verification project at Platform Harvest. The tide station has been reporting at
intermittent intervals since 1993 and near continuous data since 2002 when the OCO funded an
upgrade (Figure 4).
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from 1993 thru 2007.

Publications and Reports

Results, analyses, and data products are routinely updated and reported on via the CO-OPS web
site at: http://tidesandcurrents.noaa.gov/sltrends/sltrends.html
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The Global Drifter Program
Drifter Measurements of Surface Velocity, SST, SSS, Winds and

Atmospheric Pressure
Peter Niiler
The Scripps Institution of Oceanography, La Jolla, CA

1. Project Summary
1.1) Rationale:

The principal scientific questions of the role of the ocean in climate change are how well
can we describe or model the present climate of ocean circulation and how well can these
descriptions or models predict the evolution of future climates. A principal climate index
of oceans is sea surface temperature (SST) whose evolution is both forced by the
atmosphere and is the cause of atmospheric climate change. A global array of drifters
provides the operational instrumental data sets for describing ocean surface circulation
and SST evolution. These data are also used for testing climate models and enhancing
long-range weather prediction and interannual climate change. Sensors that measure sea
surface salinity (SSS) can now be added to drifters and these SSS data are critical to
determining the oceans’ fresh water cycle and onset of deep-water renewals.
Atmospheric pressure measured on drifters is assimilated into weather prediction models
and is used by operational meteorological agencies to discern severe weather conditions
over the oceans. Wind sensor and subsurface temperature chain data are used to improve
prediction of tropical storm and hurricanes. Drifters designed, manufactured and
deployed by the Global Drifter Program have proven to be reliable, autonomous
platforms for obtaining climate and operational weather data from the global oceans.

1.2) Objectives of the Global Drifter Program:

The “Global Drifter Program” (GDP) is the principal international component of the Joint
Commission of Marine Measurements (JCOMM) “Global Surface Drifting Buoy Array”.
It is a “Scientific Project” of the Data Buoy Cooperation Panel (DBCP) of World
Meteorological Organization (WMO)/International Ocean Commission (IOC). It is a
near-operational ocean-observing network that, through the ARGOS satellite system and
the Global Telecommunication System (GTS), returns real time data on ocean near-
surface currents, SST and atmospheric pressure (and winds, subsurface temperature, T(z),
and SSS) and provides a data processing system for scientific utilization of these data. In
addition to GDP, drifters are deployed by operational oceanographic and meteorological
agencies and individual scientific research projects, whose data are utilized by GDP. In
turn, GDP data are made available to operational users and scientists at large. Wind-
sensors, salinity sensors and thermistor chains are added to SVP drifters, presently on a
limited basis for specific operational and research requirements. The international
protocols for these data exchanges and sensor additions are worked out each year by
DBCP.



The scientific objectives of the GDP, and its operational and research partners, are:

1) Provide to GTS a near-operational, near-real time data stream of drifter position, SST,
and sea level pressure. GTS compatible data on winds, T(z) and SSS are also provided on
operational basis when these sensors are mounted on the drifters.

2) Observe the mixed layer velocity on a global basis with 0.5° resolution and, jointly
with satellite altimeter data, produce charts on the seasonal and interannual changing
circulation of the world ocean at 0.5° resolution (Figure 1)

3) Develop and introduce into the drifter construction technological advances in sensors,
electronics, power, methods of assembly and deployment packaging.

4) Provide enhanced research quality data sets of ocean circulation that include drifter
data from individual research programs, historical data from instruments different from
the Surface Velocity Program (SVP) Lagrangian Drifter and the corrected data sets for
wind-produced slip of drifter velocity. To this end GDP:

* Provides to the coupled ocean-atmosphere climate modelers gridded, global data sets of
SST, near surface circulation and dynamic topography for assimilation and the
verification of the parametrized processes, such as wind-driven Ekman currents and
spatial patterns of the seasonal circulation.

* Provides the Lagrangian data sets for the computation of single particle diffusivity,
dispersal of ocean pollutants, the enhancement of models of fisheries recruitment and
improvement of air-sea rescue.

* Obtains high-resolution coverage of ocean variability and time mean circulation in
support of ENSO prediction model verification in the tropical Oceans and supports short-
term research projects that require enhanced upper ocean velocity observations.

1.3 Required Drifter Observations and Status of Global Array
The ‘required’ global drifter array size by JCOMM is based on the need to maintain 1250

platforms that return instrumental observations of daily average SST (+/- 0.1°C) over the
global ocean at a 5° resolution, or the spatial scale of the error covariance function of the
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Figure 1. The East Sea seasonal mean surface current patterns in June-August (left panel)
and September-May (right panel) derived from 310 drifters deployed in the period 1996-
2006 within the ONR/NOAA/Korean joint study of seasonal circulation in the East Sea.
Black arrows are for mean currents > 20cm/sec, red arrows are for mean currents >10
cm/sec and < 20 cm/sec and blue arrows are for mean currents < 10 cm/sec.
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Figure 2. Status of the Global Drifter array on 26 November 2007. Special scientific
programs have increased the density of drifters in the North and South Atlantic basins.



operational NOAA satellite infrared SST sensors. The implementation of the required
global array for SST observations was completed in September 2005 with the deployment
of the 1250™ element of the global array (Fig. 2). Surface pressure sensors are supported
by regional meteorological agencies based on regional needs. The number of drifters in
the array is composed of the NOAA supported GDP, research principal investigator
enhancements who have requested their data to be included in the GDP real-time data
base and international partners

On 26 November 2006, 1269 drifters were reporting to GTS and to the Atlantic
Oceanographic and Meteorological Laboratory (AOML) Drifter Data Center (Figure 2).
In FY’07, the NOAA Climate Observations Program funded to JIMO (920) and AOML
(80) sufficient numbers of SVP drifters, and with the contributions of drifters (100-120)
from other national and international sources, the array was maintained from late 2005 to
present date at the desired level (Fig.3). In 2008 the efforts will continue to adjust the
array spatial density with the desired the surface of the ice-free ocean at 5° resolutions.

The international science bodies, such as JCOMM, request that the drifter array provide
instrumental observations of SST and the operational meteorological agencies desire to
obtain atmospheric pressure observations from as many drifters as possible. To this latter
end, the DBCP (October’06) requested these meteorological agencies begin to provide
funds to attach a barometer to every SVP drifter. By November 2007, over 500 drifters
provide barometer sensor data on to GTS. For the past 20 years, most drifters in research
program have been justified on the basis of velocity observations, where 99% of
reviewed scientific research papers make principal use of drifter velocity observations
(viz: http://www.aoml.noaa.gov/phod/dac/drifter_bibliography.html). In early December
2007, the CLIVAR Velocity Working Group will consider the requirements of climate
research for global velocity observations.

Evolution of the drifter array by various GDP partners
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Figure 3. The evolution of the GDP drifter array as reported on GTS.



1.4 Management:

GDP reports every year on its activities relative to advances in technology in the DBCP
Technical Session and its deployment plans and management in the DBCP Plenary
Session. GDP is largely a NOAA funded program and is managed according to the “Ten
Climate Monitoring Principles” established by JCOMM. In these management tasks, the
principal investigator of this proposal, Peter Niiler, assumes the responsibility for the
coordination between the following entities:

 US manufacturers in private industry (Technocean, Inc. of Cape Coral, FL; Clearwater,
Inc. of Watertown, MA; Pacific Gyre, Inc. of Carlsbad, CA) who build the SVP drifters
according to closely monitored specifications. Internationally, a total of 6 private firms
and 3 research laboratories build SVP drifters. Periodically, drifter construction manuals
are upgraded and are posted on the DBCP website (e.g. 2005 the SVP-B Mini
Construction Manual). As reflected in the FY 08 budget, small increases (2.85%) for
SVP-Mini drifter construction costs over FY’06 budget were allocated in FY’07. This
represents the second year of a small adjustment.

» Atlantic Oceanographic and Marine Laboratory (AOML) who carries out the
deployments at sea, processes the data and archives these at MEDS, Canada, maintains
the META file on the description of each drifter deployed and the upgrades the GDP
website.

* Technical staff of SIO, who assist in the supervision of aircraft deployments of drifters
into hurricanes, place orders for the NOAA funded drifters, upgrade the technology,
develop new sensors, enhance the data sets and maintain liaison with individual marine
research programs that deploy SVP drifters.

This continuing proposal from JIMO addresses the progress of activities in FY’07 and
proposes the activities for FY’08.

2. FY’07 Progress

In FY’07 NOAA Grants office funding of the GDP through JIMO occurred in the last
week of September 2007. The designated date for the start of the FY’08 funding of GDP
is 1 July ’08, but as has been the case in the past five years, we do not anticipate that the
NOAA Grants Office is capable of meeting that date. This is a report of what was
accomplished with both the FY’06 and FY’07 funding during the period of October 2006
- November 2007:

2.1) Summary of Drifter Acquisitions and Technology: With the FY 06 funds 940 drifters
with SST sensors were built and were delivered to AOML for deployment. With the FY’07
funds, 920 drifters were ordered in October 2007 and are now being delivered to AOML
for deployment. In August 2007, all 12 drifters deployed into category 4 Hurricane Dean
worked well (4 were SVP-W wind drifters and 8 were SVP-W-T(z) wind and thermistor
chain drifters). All 20 air deployable drifters ordered in ‘06 were delivered to Keesler



AFB for deployment for the 2007 hurricane season. Because only one hurricane was
sampled in 2007, there now are 36 SVP-W-T(z) and 16 Minimet drifters at Keesler AFB
fully rigged for air-deployment. When in June 2008 an additional 8 SVP-W-T(z) and 12
SVP-W drifters will be delivered to Keesler AFB, there will be 72 hurricane drifters
available for the 08 Hurricane season.

With the FY’07 funds:

a) A total of 650 SVP-Mini drifters and 270 SVP-B barometer drifters were ordered
from Clearwater Instruments, Inc Pacific Gyre, Inc. and Technocean, Inc. These
are now being delivered to AOML for deployment.

b) A total of 12 SVP-W wind-drifters and 8 SVP-W-T(z) wind and thermistor chain
drifters, fully rigged for air deployment, were ordered from Pacific Gyre, Inc. All
20 units will be delivered the 53 Air Force Reserve “Hurricane Hunter
Squadron” at Keesler AFB before June 1, 2008. Dr. Rick Lumpkin at AOML are ,
working closely with the National Hurricane Center at AOML, organizes the
deployment of what will now be 72 hurricane drifters in the 2008 hurricane
season.

¢) In October 2007, 5 refurbished SVP drifters with salinity sensors were deployed
in off the coast of South America in the Amazon plume by the French
oceanographers.

In FY’07 JIMO purchased 920 drifters and AOML purchased 147 drifters, for total
NOAA contribution of 1167 drifters to the JCOMM “Global Surface Drifting Buoy
Array”.

2.2) Enhanced Data Sets and Publications: Between October 2006 and December 2007,
there were 17 requests for enhanced drifter velocity data sets. Dr. Yoo Yin Kim who
works under the direction of P. Niiler as a Senior Statistician prepared and distributed
these data. The drifter peer-reviewed publication list was upgraded in December 2006:
(http://’www.aoml.noaa.gov/phod/dac/drifter _bibliography.html).

2.3) Meetings and Lectures: The following personnel participated in the GDP presented
lectures or attended the following organization meetings:

* DBCP-XXIII, October 15-20, 2007 Jeju, Korea: “Observations of Atlantic Hurricanes
with Air-deployed Drifters” (Peter Niiler and Rick Lumpkin)

* DBCP-XXII, October 15-20, Jeju, Korea: “The Global Drifter Program Report” (Peter
Niiler for Rick Lumpkin)

* DBCP-XXIII, October 15-20, 2007, Jeju, Korea: “Drifting instrumented chains. New
technical developments and application (L.R. Centurioni and P.P Niiler)

* North Pacific Drifter Implementation Group

2.4) Technical Development of Thermistor Chains for Hurricane Drifters: Working with
Clearwater Instruments, Inc. we have designed and assembled the components for a new
150 m long thermistor chain/barometer drifter (Fig.4) that can be deployed from the



AXBT chute of a P-3 research or military aircraft. Two prototype systems for the SVP-B-
T(z)-Mini will be assembled in early 2008 and tested off the coast of La Jolla, CA. We
anticipate that with the FY’08 funds half of the hurricane drifters will be of this new
design.

Figure 4. Prototype components of the SVP-T(z)-Mini with 150m, 10 sensor spool (left),
T sensor (right) and container for GPS/Iridium antenna and electronics (center bottom)
for SVP-TC Mini. Note the size of these components relative to a 1ft. ruler in each photo.

Peter Niiler initiated the request for development of a station keeping sensor system to
NOOA/OCO and serves as a technical reviewer to the NOAA/SBIR entitled: “Station
Keeping Drifting Data Buoy for Ocean and Meteorological Data Retrieval in Severe
Marine Environment”. LBI Corp. or Groton CN is the lead contractor for this SBIR

2.5) Collaborations: Collaborations are continuing for deployment of drifters with the
Office of Naval Resarch (30 SVP-GPS drifters purchased by ONR were released in the
East China Sea in October 2007) and analysis of East Sea drifter data from a joint
ONR/GDP/Korea circulation study of the Western Pacific from 1996-2006 (viz. Fig.1).
The Korean National Ocean Research Institute (NORI) has implemented an operational
surface current map based on the mean velocity derived from these drifter data to which



is added a time variable component based on altimeter and winds. These maps are
routinely used by the Korean Coast Guard for aid in rescue of ships in distress (viz:
http://makaha.ucsd.edu/MyWeb/NORI/recent.pdf)



Surface Drifter Program
Rick Lumpkin and Silvia Garzoli
NOAA Atlantic Oceanographic and Meteorological Laboratory, Miami, FL

Project Summary

The Surface Drifter Program is AOML’s contribution to the Global Drifter Program (GDP), a
branch of NOAA’s Integrated Ocean Observing System, Global Ocean Observing System
(IOOS/GOOS) and a scientific project of the Data Buoy Cooperation Panel (DBCP). The
primary goals of this project are to maintain a global 5°x5° array of Argos-tracked Lagrangian
surface drifting buoys to meet the need for an accurate and globally dense set of in-situ
observations transmitting in real time for weather forecast, and to provide a data processing
system for the scientific use of these data that support short-term (seasonal-to-interannual, “SI”)
climate predictions as well as climate research. AOML’s GDP responsibilities are to: (1) recruit
ships and manage drifting buoy deployments around the world using research ships, Volunteer
Observation Ships (VOS) and aircraft; (2) insure the data is placed on the Global
Telecommunications System (GTS) for distribution to meteorological services everywhere; (3)
maintain META files describing each drifter deployed, (4) process the data and archive it at
AOML and at MEDS (Canada); (5) develop and distribute data-based products; (6) maintain the
GDP website; and (7) maintain liaisons with individual research programs that deploy drifters.

The drifters provide sea surface temperature (SST) and near surface (mixed layer) currents. A
subset of the drifters also measures air pressure, winds, subsurface temperatures and salinities.
These observations are needed to (a) calibrate SST observations from satellites; (b) initialize
global SI forecast models to improve prediction skill; and (c) provide nowcasts of the structure
of global surface currents. Secondary objectives of this project are to use the resulting data to
increase our understanding of the dynamics of SI variability, and to perform model validation
studies, in particular in the Atlantic Ocean. Thus, this project addresses both operational and
scientific goals of NOAA’s program for building a sustained ocean observing system for climate.

Of particular interest is the data collected in the Tropical and subtropical South Atlantic. Large-
scale SST distributions drive the response of the climate in the tropical Atlantic sector, and over
land areas as distant as the southern and eastern United States. The variability of the subtropical
Atlantic and its interaction with the tropics is far from understood, primarily due to the paucity of
data that for years have been mainly collected in the major commercial lanes. The variability of
the inter-tropical convergence zone (ITCZ) is highly sensitive to changes in SST gradients within
the broader tropical Atlantic region, particularly in the meridional direction south of the tropics
and during boreal spring (Kushnir et al., 2003). To better understand this variability, improved
SST products must be developed and calibrated/validated with in-situ observations. Starting in
1998, a new component was added to this sustained program to fill existing gaps in the
observational network, by deploying additional surface drifters in the tropical and subtropical
South Atlantic (30°N to 40°S). The main objective was to accurately describe the basin-scale
Atlantic currents system and SST seasonal to interannual variations, and the effects of the
variability in the climate of the surrounding areas. During FY06, this grant received additional
support to deploy surface drifters in support of the CLIVAR Mode Water Dynamics Experiment



(CLIMODE). The goal of this effort is to resolve eddy fluxes across the Gulf Stream front,
where strong interannual variability is poorly simulated in present ocean models. Drifters in
support of CLIMODE were deployed primarily from WHOI CLIMODE cruises in November
2005 and January 2006, with a large array of 60 NSF-funded drifters deployed in February
through March 2007. CLIMODE is now entering its data analysis phase (2008—2009).

Accomplishments

The global drifter array became the first component of the IOOS that reached completion, with
1250 active drifters in September 2005. This number has since been maintained. During FYO07,
the drifter array averaged 1259 drifters, with a standard deviation of 32 drifters. The maximum
size was 1315 (5 March); the minimum was 1192 (24 September). During the fiscal year, the
GDP coordinated worldwide deployments of 1023 drifters, 859 funded by NOAA/OCO; 180
drifters were deployed in the Atlantic between 30°N and 40°S. AOML managed observations
from 2319 unique drifters during FYO07 (this is significantly greater than 1250, as some died

while new ones were deployed to maintain ~1250).
STATUS OF GLOBAL DRIFTER ARRAY Drifter array forecast for February 3, 2008 (90d prediction)
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Fig. 1: Global population of drifters as of November 5, 2007 (array size 1274 drifters), and 90 day prediction of
coverage (% chance that a 5°x5° bin will have a drifter if no additional drifters are deployed in the interim).

The main challenge is now to increase the spatial coverage of the array while maintaining its
size. We are addressing these challenges by seeking additional deployment platforms and
improving our deployment strategies (see FY08 work plan for more details).



Observing System Status: 2007, Q3.
Surface Currents (experimental)

Requirement: 2 cm/s accuracy (drogue on); 600 km resolution;
1 sample per month (GOOS/GCOS, 1999)

Performance measure: reduce the error in global
measurement of surface velocity
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Observing system status, July-September 2007
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Fig. 2: FY07 Q4 (July-September; Q3 of calendar year) report evaluating the spatial coverage of
the IOOS for near surface current measurements.  Upper right: location of drifting (blue dots)
and moored (bullets) buoys during the quarter. Drifters dominate the overall IOOS’ spatial
coverage. Lower left: percent of months in quarter with at least one measurement. Lower right:
spatial percent of global ocean sampled at GOOS/GCOS requirements.

2007 marks the beginning of the International Polar Year; we have thus placed added emphasis
on high-latitude deployment opportunities. Working with Principal Investigator Kjell Orvik
(Bergen, Norway), we have had 60 drifters (15 with barometers) deployed off the Norwegian
coast in June and October 2007. More deployments are planned for 2008. We will also be
increasing the density of deployments off the Antarctic coast in Austral summer 2008, in
collaboration with NOAA/NMFS cruises (in addition to ongoing Southern Ocean deployments
with other collaborators).

We have also begun working closely with Korean collaborators at several Korean institutions,
and with their assistance have seen 17 drifters deployed during FY07. As part of this effort, M.
Pazos and S. Dolk of AOML participated in the Ocean and Coastal Observation Panel Meeting
convened by Terry Schaefer and Rene Eppi (NOAA/OAR).

In FY07, AOML conducted a general study of the performance of drifters from the four major
manufacturers. This study focused on drogue (sea anchor) detection and drifter lifetime. We
had previously identified a problem with drogue detection using the submergence sensor,
particularly problematic for drifters from one manufacturer (Technocean), and had
communicated the problem to them. Although they had implemented an engineering solution
(reducing the submergence sensitivity), our FY(07 evaluation revealed that the problem was not
solved. As a consequence, the Surface Drifter Program is recommending that all manufacturers
include a tether strain sensor for drogue detection; we are working with Scripps and the drifter
manufacturers to see positive progress on this. We also noted that another of the major



manufacturers (Clearwater) was having a large increase in the “death rate” across the array
starting in spring 2007 (Fig. 3). The death rate for the other three manufacturers averaged 49—
51 drifters dead per 1000 drifters per month, which requires ~750 deployments per year to
maintain an array of 1250. The Clearwater death rate increased to a maximum of over 100,
which would require >1500 deployments per year. This problem was rapidly communicated to
Clearwater, who conducted an in-house evaluation and determined that the problem was most
likely due to battery problems. Our ongoing analysis suggests that the problem may have been
limited to a specific batch of batteries, as the death rate for Clearwater drifters has been
decreasing in the most recent two months.

black: Clearwater. green: Metocean. blue: Pacific Gyre. red: Technocean. yellow: others
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Fig. 3: top: time series of the number of drifters by manufacturer. Two manufacturers,
Technocean and Clearwater, manufacture most drifters in the global array. Bottom: numbers of
dead drifters per four week period, by manufacturer. The death rate for Clearwater drifters
increased in early 2007, and has begun to decline by late 2007.

A subcomponent of the Global Drifter Program, the Atlantic Drifters, was funded with the
objectives to fill gaps in the observational network, in order to accurately describe the basin-
scale Atlantic current and SST seasonal-to-interannual variations. This program was started to
address the data coverage deficiency in the tropical and subtropical south Atlantic (20°N to
40°S). Lumpkin and Garzoli (2005) analyzed the time mean and seasonal variability of the
equatorial currents using the resulting drifter data, and shed new light on different branches of
the equatorial system and its variability.

The PIs are currently working on the analysis of the data collected in the South Atlantic to
characterize the near-surface circulation. Particular focus is on the time-mean pathways of the
boundary currents (Confluence of Brazil and Malvinas; the Agulhas/Benguela system) and the
variations of the upper ocean exchanges associated with the bifurcation of the South Equatorial
Current at the coast of Brazil.

Empirical orthogonal Function (EOF) analysis is applied to the data to define the modes of
variability of the basin and at each one of the individual regions. A methodology is developed to



locate the Bifurcation of the South Atlantic Current and the Confluence of the Brazil Malvinas
Currents with interesting results.

Fig.4 shows the mean surface currents field as derived from the drifter data, superimposed on

SST.
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Fig. 4: mean surface currents superimposed on SST

At the western boundary, the bifurcation of the South equatorial Current is clearly seen at around
15°S, and the confluence of the cold and fresh Malvinas Current with the warm and saltier Brazil
Current is observed occurring in the mean at 35°S. The eastern boundary is characterized by the
Benguela Agulhas system, indicated by the retroflection of the Agulhas Current south of South
Africa and the Benguela Current flowing in the north-west direction as a component of the
South Atlantic Gyre.

The EOF analysis of the data at the Confluence region indicates a first mode of variability that
corresponds to the annual cycle of the Confluence front. The first mode explains 41% of the total
variance of the system. During southern hemisphere summer (January-March), the Brazil
Current intensifies and reaches its southernmost position. The Malvinas Current concurrently
retreats. During Austral winter (June -August) the opposite situation is observed.
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The full data set has been analyzed to
study the inter-annual variability of the
Confluence front as observed by the
surface drifters. A methodology is
developed to determine the point where
the Brazil Current separates from the
coast. Results are shown at left. The
top panel indicates the latitude of
separation for the Brazil Current from
the coast. Of interest is the trend that the
series indicating that the Confluence
front has been moving southward
during the last 14 years. This result was
also observed from altimeter data for
the same period of time and related to
Estimate of PSD Monthly Mean an expansion of the subtropical gyre (G.
Goni, pers. comm.).

Separation of Malvinas Current from Confinental Sheli (11/1992 - 12/2005)

‘, . The lower left panel is the spectral
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Overall, the annual cycle is the

dominant signal. The percentage of

“wes 7 variance explained is lower than
climatology (32%), indicating inter-
annual variability. A semiannual period
is also observed in the spectra.

Similar analyses are being done to study the Bifurcation of the South Equatorial Current and the

Benguela/Agulhas system.

Meetings:
R. Lumpkin and M. Pazos (AOML) attended the 22" Data Buoy Cooperation Panel (DBCP)

meeting in La Jolla, California on October 16—20, 2006. There, they presented the results of the
2006 drifter comparison study and the 2006 Global Drifter Program Report, and attended
numerous subpanel meetings. M. Pazos attended the June 2007 DBCP Training Course on
Buoy Program Implementation and Data Management in Ostend, Belgium. R. Lumpkin
attended the August 2007 CLIMODE Principal Investigators’ meeting in Massachusetts.

Outreach:
Members of AOML’s surface drifter group have given presentations for local groups, and were
involved in an episode of the nationally-syndicated “edutainment” children’s program “Aqua-



Kids”. This episode, aired in October 2007, featured the deployment of several drifters off the
Miami coast and an extensive interview with R. Lumpkin about the Drifter Program, NOAA’s
GOOS, and NOAA'’s climate monitoring efforts. Lumpkin also authored a chapter of the
National Geographic and Smithsonian Institution’s “Hidden Depths: Atlas of the Ocean by
NOAA” dealing with the subject of ocean circulation, and worked with Smithsonian employees
on the “drifters” exhibit for the upcoming Ocean hall of the Natural History museum.

In June 2007, M. Pazos (AOML) helped organize the DBCP Training Course on Buoy Program
Implementation and Data Management. This course was developed for collaborators in several
African countries and held in Ostend, Belgium. She also taught one of the classes in the course,
and developed a training CD that includes information on drifter deployment and data access.

In the last several years, AOML/PhOD scientists (Enfield, Garzoli, Goni, Lumpkin) have
participated in cruises conducted from the M/V Explorer, a ship operated by Semester at Sea,
University of Virginia. During the cruises, our scientists taught the students how to deploy
drifters and gave lectures related to the Global Drifter Program and the science conducted with
the data collected. We are also participating in a partnership with the US Navy in a Capacity
building and partnership program between oceanographic institutions in the US and West Africa.
As part of this effort, AOML personnel will train participants in the collection and use of drifter
data.

Publications and Reports:

Griffa, A., R. Lumpkin and M. Veneziani, 2007: Cyclonic and anticyclonic motion in the
upper ocean. Geophys. Res. Letters, accepted.

Lumpkin, R. and M. Pazos, 2007: Measuring surface currents with Surface Velocity
Program drifters: the instrument, its data, and some recent results. Chapter 2 of "Lagrangian
Analysis and Prediction of Coastal and Ocean Dynamics", ed. A. Griffa, A. D. Kirwan, A.
Mariano, T. Ozgékmen and T. Rossby, Cambridge University Press.

Lumpkin, R. and G. Goni, 2007: State of the Ocean in 2006: Surface Currents. In “State
of the Climate in 2006”, ed. A. Arguez, Bulletin of the American Meteorological Society, 88
(June).

Lumpkin, R. 2007: Water Movement: Circulation. Chapter in “Hidden Depths: Atlas of
the Ocean by NOAA”.
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Tropical Moored Buoy Arrays
PIRATA, RAMA, Flux Reference Sites, and Tropical Sea Surface
Salinity
Michael J. McPhaden' and Rick Lumpkin
"NOAA Pacific Marine Environmental Laboratory, Seattle WA
*NOAA Atlantic Meteorological and Atmospheric Laboratory, Miami

1.0 Project Summary:

This report describes FY 2007 progress in the implementation of the Tropical
Moored Buoy Array program as a NOAA contribution to development of the Global
Ocean Observing System (GOOS), the Global Climate Observing System (GCOS), and
the Global Earth Observing System of Systems (GEOSS). The goal of the moored buoy
program is to provide high quality moored time series and related data throughout the
global tropics for improved description, understanding and prediction of seasonal to
decadal time scale climate variability. Focus on the tropics is dictated by its role as a heat
engine for the Earth’s climate system, engendering phenomena such as the El
Nifio/Southern Oscillation (ENSO), the monsoons, the Indian Ocean Dipole, and tropical
Atlantic climate variability. This program supports NOAA’s strategic plan goal to
"Understand Climate Variability and Change to Enhance Society's Ability to Plan and
Respond." It also provides key observational underpinning for the international Climate
Variability and Predictability (CLIVAR) program’s research efforts on climate variability
and change. Management of the tropical moored buoy array program is consistent with the
"Ten Climate Monitoring Principles". Program oversight at the international level is
through the CLIVAR/JCOMM Tropical Moored Buoy Implementation Panel (TIP). A
web site containing comprehensive information on the program can be found at
http://www.pmel.noaa.gov/

Four major elements to the Tropical Moored Buoy Array program are described
below. These are the Pilot Research Moored Array in the Tropical Atlantic (PIRATA), the
Research moored Array for African-Asian-Australian Monsoon Analysis and prediction
(RAMA), Flux Reference Stations, and Tropical Pacific Salinity. Discussion of these
elements is followed by comments about fishing vandalism, point current meter
measurements, a summary of community service, and a list of FY 2007 publications
supported by this research. Chris Meinig of PMEL will submit a separate progress report
on Engineering Development, a fifth element of the Tropical Moored Buoy Array program.

2.0 Accomplishments

2.1 PIRATA

As of September 30, 2007 the PIRATA Array consists of 17 ATLAS moorings and
one subsurface ADCP. This includes the 10 ATLAS mooring PIRATA core array
configuration (as agreed upon for the 2001-2006 consolidation phase of the program),
three ‘Southwest (SW) Extension” moorings, and 4 “Northeast (NE) Extension”
moorings. The SW Extension moorings were first deployed in August 2005 and initial



capitalization costs were supported by INPE in Brazil. NOAA has since assumed
responsibility for ongoing equipment replacement and refurbishment. Two NE Extension
moorings were deployed in June 2006 and two additional sites deployed in May 2007. A
“Southeast (SE) Extension” mooring sponsored by the University of Capetown, South
Africa, was deployed in June 2006 and recovered in June 2007, but not redeployed. This
site may be reoccupied if sustained funding becomes available.

PMEL is charged with providing equipment and technical support for ATLAS
moorings and instrumentation, and support for data processing, dissemination, and
display. France provides equipment and processing for the subsurface ADCP site.
France and Brazil provide ship time and support for equipment shipments and also
provide technician support at sea. NOAA provided ship time in FY 2006 and again in FY
2007 to support the Northeast Extension.

Seven (7) ATLAS moorings were recovered and 8 moorings (5 core array and 3
SW Extension) were deployed from the R/V Antea in November/December 2006 (32 sea
days, 32 PMEL person-days). Two (2) NE Extension moorings were recovered and 4
deployed from the NOAA Ship Ron Brown in May 2007 (29 sea days, 58 PMEL and 116
AOML person-days). Five of the core array moorings were recovered and deployed from
the NO Atalante in May/June 2007 (about 44 sea days, no NOAA participation). The SE
Extension mooring was also recovered on this cruise.

All PIRATA moorings measure wind speed and direction, air temperature,
relative humidity, short wave radiation, precipitation, sea surface temperature and salinity,
ocean temperatures at 10 depths down to 500 m and salinity at 3 depths down to 120 m.
Three PIRATA sites have been enhanced as flux reference sites (see 2.3 below). The
four NE Extension moorings have been enhanced with a near surface current
measurement and one additional subsurface salinity measurement. One of the NE
Extension moorings has been enhanced to the level of a flux site.

PIRATA data are available from the PIRATA web site
(www.pmel.noaa.gov/pirata/) and the TAO web site
(www.pmel.noaa.gov/tao/disdel/disdel.html). There are also mirror sites in France and
Brazil. Collection, processing, and dissemination of shipboard CTD and ADCP data are
the responsibility of France and Brazil.

Real-time data return was 87% overall for FY 2007, 12% higher than for FY 2006.
The significant increase was due in large part to the fact that no PIRATA moorings
suffered major vandalism in FY 2007. The sites with the lowest data return were 0 °,
35°W (67%) and 0 °, 10 °W (74%). These sites were also two of the sites with lower data
return rates in FY 2006. We can only speculate on the cause of the reduction in
vandalism this past year. Perhaps fish catch is down, resulting in less fishing in the area.

Real-time PIRATA data return by variable for FY 2007 (and for comparison, FY
2006) is shown below. Three Flux Reference sites were enhanced for current, longwave
radiation (LWR) and barometric pressure (BP) in 2006 (two in June and one in



November). The NE and SE Extension moorings (deployed in June 2006 and June 2007)
all measure currents as well. Data return for all variables in FY 2007 improved or was
nearly equal compared to FY 2006 values.

Real time current velocity data return in the initial year after being added to some
moorings was disappointingly low. Data losses were primarily due to problems with
battery life and telemetry issues. Efforts to improve these measurements are in progress
(see Section 4).

AIRT SST T(Z) WIND RH Rain SWR LWR SAL BP CUR ALL
FY 2007 94 91 8 90 92 73 8 100 &4 100 45 87
FY 2006 72 78 73 91 67 74 87 72 75

AOML'’s contribution to PIRATA is focused on gathering supporting data and
providing scientific leadership during the deployment/recover cruises of the PIRATA
Northeast Extension (PNE) moorings. During the May 2—29 2007 PNE cruise of the
R/V Ronald H. Brown, AOML personnel and collaborators from Howard University,
NOAA/NESDIS, NOAA/ESRL and the University of Miami collected a suite of
observations, including: 37 CTD casts to 1500 m depth, including casts at all four PNE
ATLAS sites; Seabeam bathymetric surveys at the ATLAS sites; and continuous
shipboard ADCP measurements along the ship track by the 75 kHz Ocean Surveyor
system. The cruise was also used to opportunistically deploy 9 Argo floats, 17 surface
drifting buoys, and 122 expendable bathythermographs in the northeast Tropical Atlantic
region. All XBT temperature profiles and CTD temperature/salinity profiles were
transmitted in near-real time on the Global Telecommunication System (GTS) for model
calibration and validation. Meteorological observations included skin SST, radiation,
direct turbulent flux measurements, and atmospheric sonde and ozone sonde profiles,
some during a major dust outbreak from the Sahel region. As noted above, this cruise
represented 29 sea days, with 116 AOML person-days and 58 PMEL person-days.
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Figure showing calibrated oxygen (ml/l) along 23°W, from 4°N to 20.5°N,
measured during the 2007 PNE cruise. The oxygen minimum zone of the
tropical North Atlantic is clearly visible at 8—14°N at a depth of 300—500 dbar.

The TAO Project continues to update the content and functionality of its web site
(http://www.pmel.noaa.gov/tao/). This site provides easy access to TAO/TRITON,
PIRATA and Indian Ocean data sets, as well as updated technical information on buoy
systems, sensor accuracies, sampling characteristics, and graphical displays. For FY 2007,
a total of 7515 separate user requests delivered 61,492 PIRATA data files, the latter of
which represents a 30% increase from the year before.

PIRATA data are distributed via the GTS to centers such as NCEP, ECMWF, and
Meteo-France where they are used for operational weather, climate, and ocean
forecasting and analyses. PIRATA data placed on the GTS include spot hourly values of
wind speed and direction, air temperature, relative humidity, and sea surface temperature.
Daily averaged subsurface temperature and salinity data are also transmitted on the GTS.
Daily ftp transfers are made from PMEL to the CORIOLIS operational oceanography
program in France. The MERCATOR program in France makes use of the CORIOLIS
data base to generate operational ocean model based data assimilation products.

PIRATA data are also available on the GODAE server in Monterrey, California.

CLIVAR Atlantic Panel and the OOPC reviews of PIRATA were concluded in FY
2007. These reviews fully endorsed the PIRATA effort and strongly encouraged its
continuation. The reviews suggested areas where improvements in products and services
to the oceanographic and climate communities were possible. In response to these



reviews, PMEL enhanced its PIRATA web site with additional technical information.

The reviews also suggested that more emphasis should be given to the analysis of
intraseasonal variability in the mooring records. AOML and PMEL scientists are now
activity engaged in this analysis with new data collected from the PIRATA NE Extension.

2.2 Research moored Array for African-Asian-Australian Monsoon Analysis and
prediction (RAMA)

The CLIVAR/GOOS Indian Ocean Panel (IOP) developed an implementation
plan for a multi-component ocean observing system, IndOOS. A key element of the
system is a 47 element moored buoy array, the Research moored Array for African-
Asian-Australian Monsoon Analysis and prediction (RAMA). The first elements of the
array were deployed by Japan in 2000-2001 by India in 2002. PMEL and India’s
National Institute of Oceanography (NIO) deployed the first ATLAS moorings in 2004.

The number of PMEL sites in RAMA increased from 5 to 9, bringing the total
number of sites deployed to 15, or 32% complete. One of the new ATLAS sites was
deployed on a PMEL/NIO cruise in August-October 2006 (38 sea days, 76 PMEL person
days) from the Indian R/V Sagar Kanya. A total of 5 ATLAS and 1 subsurface ADCP
moorings were deployed from this cruise. Two new ATLAS sites were deployed in
November 2006 from the Indonesian research vessel Baruna Jaya 1 (14 sea days, 28
PMEL person days). In January-February 2007 PMEL deployed one ATLAS and one
subsurface ADCP mooring in collaboration with France’s Laboratoire d'Océanographie -
Expérimentation et Approches Numérigues (LOCEAN) from the NO Suroit (44 sea days,
44 PMEL person days) as a contribution to the VASCO CIRENE Experiment. The
moorings were deployed at one of the southwest RAMA sites. The IOP plan does not
call for an ADCP mooring at this site, thus the subsurface mooring was recovered after
the 44-day process study concluded. Four ATLAS moorings were recovered and new
moorings deployed in September-October 2007 from the Baruna Jaya 3 (27 sea days, 54
PMEL person days).

PMEL has been actively engaged in developing partnerships with institutions in
Indonesia and India to secure ship time necessary for implementing and maintaining the
RAMA. For the Baruna Jaya cruises, ship time was obtained via cooperative agreements
between NOAA and Indonesia’s Agency for the Assessment and Application of
Technology (BPPT) and the Ministry for Marine Affairs and Fisheries (DKP). Sid
Thurston (CPO) and Renee Eppi (OAR International Activities) were instrumental in
developing these agreements. Similarly, PMEL has spearheaded efforts within NOAA to
develop an MOU with the Ministry of Earth Science (MoES) in India for cooperative
programs across a wide range of topics. The first Implementing Arrangement, which is
scheduled for signing in December 2007, will be for development of RAMA. As part of
thie [A, it is expected that India will pledge 60 days of ship time per year for 5 years.

All ATLAS moorings deployed in the Indian Ocean have the PIRATA suite of
instrumentation, plus one additional water temperature measurement, 2 additional salinity
measurements and one near surface velocity measurement. One of the ATLAS moorings



is enhanced for flux reference measurements (see 2.3 below).

RAMA real-time data return was 49% overall for FY 2007, substantially lower than
in TAO or PIRATA. This was mainly due to higher rates of vandalism in the Indian
Ocean basin (see 2.6 below). Two of the moorings recovered in September 2007 had not
been transmitted for 8 or 9 months. Some data will be recovered from these moorings in
delayed mode, which will increase the percent data return for RAMA. Data return for the
PMEL ADCP deployed at 0, 81°E was 100% for the nearly two year period 27 October
2004 to 22 September 2006.

2.3 Flux Reference Stations

The OCEAN Sustained Interdisciplinary Timeseries Environment observation
System (OceanSITES) is built around a worldwide network of long-term, deepwater
reference stations measuring many oceanographic and meteorological variables of
relevance to climate and biogeochemical cycles and is a contribution to the Global Ocean
Observing System and international research programs. PMEL is a major contributor to
OceanSITES in the context of the Tropical Ocean Atmosphere (TAO) mooring array in
the tropical Pacific, PIRATA and RAMA. Five equatorial Pacific moorings within the
TAO/TRITON Array (4 ATLAS and 1 TRITON), three PIRATA moorings, and two (1
ATLAS and 1 TRITON) RAMA moorings presently have air-sea heat, moisture and
momentum flux measurement capability. The RAMA plan calls for 8 flux sites when
completed. Enhancements to the primary ATLAS measurements in each array provide
the functionality for all flux reference moorings to measure shortwave and longwave
radiation, precipitation, sea level pressure, water temperature with higher vertical
resolution, surface and subsurface salinity at 8 depths, and velocity at one or more depths.

2.4 Tropical Sea Surface Salinity

FY 2007 funding provided support to continue progress towards making sea surface
salinity (SSS) measurements at all surface mooring sites. At the end of FY 2007 all
PIRATA and RAMA moorings and 54 of 55 TAO moorings were equipped to measure
surface salinity. The final TAO site will be enhanced to measure SSS in FY2008.
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Monthly Sea Surface Salinity
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Figure showing salinity for November 2006 based on TAO/TRITON SSS measurements.
Anomalies show freshening related to the 2006-07 El Nifio event. West of the date line
anomalies are associated with an eastward shifts rainfall linked to changes in the Walker
circulation; freshening north of the equator in the eastern and central Pacific is related to a
southward shift in the ITZC towards the unusually warm waters of the equatorial cold
tongue. Anomalies are based on an objective analysis of deviations from the monthly
climatological November mean based on World Ocean Atlas salinities. Dots indicate sites
where TAO/TRITON monthly means (based on at least 15 days of data) are available.

3. Vandalism

Vandalism continues to present a problem in all three tropical ocean basins. PMEL
has documented ATLAS equipment losses over 7.5 years in TAO and PIRATA, and over
nearly 3 years in RAMA. Percentage losses of all or significant portions of mooring
systems were 12% in TAO, 13% in PIRATA and 36% in RAMA. In addition to these,
~15% of individual sensors were lost in TAO and PIRATA, and ~ 40% in RAMA.
PMEL has developed modifications to ATLAS moorings designed to reduce the loss of
equipment and data to vandalism: New hardware which inhibits the removal of sensors
and the buoy towers was introduced on moorings deployed in September 2007. Buoys
on some surface moorings deployed in 2008 will modified to inhibit vandals from
climbing aboard or attaching a line to the buoy. Prototype versions of these moorings
will not have any meteorological sensors. If the modifications prove successful in
reducing mooring loss, surface sensors protected from removal and damage may be
reintroduced to the moorings.

4. Current Meter Performance

In the summer of 2007 PMEL conducted a detailed review of Sontek Argonaut
MD current meter performance over the past 6 years, during which time it has been the
primary source of point velocity measurements in TAO, PIRATA, and RAMA. It was
found that the current meters returned significantly less data than typically returned from
other instruments on ATLAS moorings. For example, annual average data return



computed for the ensemble of all measurement types in the TAO Array is typically in the
85% to 92% range. Argonaut MD data return rates over the six-year period year were
48% in real time and 60% in delay mode. Review of individual deployment and
instrument maintenance records revealed that there were multiple reasons for the lower
data return. These included telemetry problems (which affected real time data return
rates only), battery failure, failure of instrument circuitry, compass calibration stability
and transducer integrity.

Based on the relatively low data return rates for the Argonaut-MD, PMEL is
looking at alternative instruments to replace the Sontek Argonaut MD. One possibility is
a new short-range Doppler current meter under development at YSI RDI, Inc. PMEL has
worked with the manufacturer on design criteria and testing of prototypes of this
instrument and will continue to explore other possible replacements as opportunities arise.

5. Community Service

McPhaden, the TAO Project Director, is chairman of the Tropical Moored Buoy
Implementation Panel and serves on the PIRATA Scientific Steering Committee (SSC),
the OceanSITES Science Team, the CLIVAR/GOOS Indian Ocean Panel, the CLIVAR
Pacific Panel, the CLIVAR Global Synthesis and Observations (GSOP) Panel, and the
JCOMM Opbservations Coordination Group. He is an editor for the Bulletin of the
American Meteorological Society and serves on the Executive Committee of the AGU
Ocean Sciences Section. In 2006, he attended several CLIV AR panel meetings and a
PIRATA SSC meeting (in Miami). He has also provided input to meetings of the WCRP
Joint Scientific Committee and JCOMMOPS. He lectured on ENSO and climate change
to the National Science Teachers Association in November 2006 and participated in an
international review of the UK/US RAPID Climate Change Program. McPhaden was a
contributing author for the Fourth Assessment Report of the IPCC (which won a share of
the 2007 Nobel Peace Prize). He has agreed to run for president of AGU.

The PMEL TAO Project Manager represents the Tropical Moored Buoy Implementation
Panel at the JCOMM Data Buoy Cooperation Panel (DBCP), and serves on the
OceanSITES Data Team. He attended the DBCP meeting in October 2006 (La Jolla, CA).
He also worked with the Climate Program Office and the International Activities staff in
developing plans for collaboration with Indonesia towards the implementation of RAMA.

Lumpkin, project collaborator at AOML, is scientific advisor for the Global
Drifter Program and serves on the PIRATA SSC alongside McPhaden. He is also a
member of the CLIVAR Tropical Atlantic Climate Experiment (TACE) working group
on observations. He organized and convened the 12" PIRATA meeting in Miami, FL on
November 1—3, 2006, and attended the PIRATA SSC meeting in Brest, France on 26—
28 March 2007. In December 2007, he will co-convene (with Brian King) the
CLIVAR/GSOP workshop on velocity observations.
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Development of a Next Generation Platform and Instrumentation for

Continuous Ocean Observations (PICO)
Christian Meinig
NOAA Pacific Marine Environmental Laboratory, Seattle, WA

1. PROJECT SUMMARY

This continuation proposal requests funds to advance the state of NOAA’s open ocean
observation systems with the development of an easy to deploy and low cost mooring
systems which make use of new and commercially available sensors and instrumentation
and which addresses issues of improved data return rates in areas prone to vandal induced
data losses. This effort is motivated by the need to develop a mooring system to replace
and significantly improve upon the performance of existing ATLAS moorings used in
NOAA'’s contribution to tropical moored buoy arrays in support of climate research and
forecasting. A candidate mooring system presently under development at PMEL is the
Platform and Instrumentation for Continuous ocean Observations (PICO) mooring. A
web site containing comprehensive information on the system under development can be
found at http://www.pmel.noaa.gov/pico/

2. Accomplishments:
From FY ’07 Work Statement:

a. Run test mooring line sections on the PMEL Dynamic Line Testing (DLT)
machine to evaluate the design for repeated bending of synthetic mooring lines
and strain relief terminations.

Results:

The PICO concept advocates a small, relatively inexpensive, vandal resistant buoy that
can be easily deployed from ships / boats of opportunity. These requirements present
significant engineering challenges, particularly in the design and development of a robust,
highly survivable (5 year +) mooring system. The most complicated, and dynamic
component of the PICO mooring system is the upper 700m jacketed line segment with
inductive capability. With this in mind, we focused in FY 07 on the dynamic testing and
characterization of six different mooring lines for the effects of repeated bending
(400,000 cycles) on breaking strength of the mooring line. The results show that a
blended Dyneema and Vectran line showed superior properties for mooring use. To our
knowledge this type of basic mooring material testing has not been done in the
community. A report titled: Continued Development of a Slack Line, ReverseCatenary
Mooring for a Small, Deep Ocean Instrument Platform,; Lawrence-Slavas, 2007 was
generated and will be presented at the upcoming ONR/MTS Buoyworkshop in early 2008.
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b. Static and dynamic modeling of PICO lines to optimize performance through
line design and configurations will be conducted. The WHOI Cable model will
be used exclusively for this effort.

Results:

The effects, on the PICO mooring’s dynamic responses, from the addition of a

profiler, appear to be largely dependant upon the vertical location (depth) of the profiler.
Fixing the profiler at a depth of 325m consistently yields the most severe results, and this
location should be used for future mooring modeling. The profiler’s effects on static
tension and mooring catenary can be considered to be negligible. The influences of
profiler depth on the vertical movement of the mooring remain inconclusive.
Surprisingly, the addition of a weighted line section only has a moderate effect on

the PICO mooring’s catenary and line slope between 325m and 650m (at most 8%,
assume the model has a “built-in” +-5% error). The addition of the weighted section has
no beneficiary effect on the tension spread, but it does have a pronounced effect on the
static tension at the buoy. Under calm current conditions and choppy seas the additional
weight reduces the PICO buoy’s tendency towards shock loading by greatly increasing
the mean tension, while only slightly increasing the tension spread (see figure #32).
Based on these results, it is recommended that the weighted line section be retained
within the PICO mooring

C. Mooring hardware will be ordered to carryout two deep water deployments.



Results:

Despite the late arrival of funds, complete mooring systems were design and procured for
deep water deployments and the system was tested with favorable results in Puget Sound
for 5 days. An engineering ocean deployment is being planned for early in 2008 off San
Diego or Hawaii in approx 3500m of water.

d. Continue development of a wave driven crawler mechanism for the PICO
Profiler.

Results:

A novel wave driven crawler mechanism, now named “Prawler” (Profiler & Crawler)
was built and tested in 2007. The Prawler uses the swell and wind wave energy from the
surface buoy to engage and disengage a magnetically actuated pawl to climb the mooring
line. Upon reaching a predetermined height a pawl releases and the Prawler falls at ~.3
m/s down the mooring line and samples the water column during decent. Present tests
have been focused on collecting temp, pressure and engineering values, but future
additions could include many type of sensors. During a 5 day test in Puget Sound the
Prawler “prawled” and sampled over 3km in September 2007. These are very
encouraging results, especially when considering the small waves that the buoy was
subjected to in Puget Sound. With funding, a deep ocean test is being planned for early
2008 off San Diego or Hawaii.

Mooring Wire

Magnetic Pawl

Sensor batteries

DG Wskors Future Sensor(s)



PMEL ‘Prawler’ as deployed in Puget Sound

Prawler and PICO mooring tests and concepts were presented at the DBCP in Oct ’06 in
Jeju, Korea.

e. Analyze data collected with prototype Seabird Jenna CTD and incorporate 2™
generation sensors, sampling and communications schemes.

Results:

PMEL developed FLEX, electronics, firmware and bi-directional software has been
developed and is now deployed on the KEO and PAPA mooring systems as in-situ
comparisons with the standard ATLAS systems. Partnerships were formed with Seabird
Electronics and Teledyne RDI on next generation instrument development and some
instruments are commercially available or nearly available.

The Doppler Volume Sampler (DVS) measures velocity profiles, temperature and is
inductively coupled via a Seabird modem. PMEL and RDI worked closely on developing
the specifications, testing and evaluating the instrument and is an exciting example how
government and industry can partner to advance instrumentation. Complete details at:
http://www.rdinstruments.com/dvs.html

The Seabird SBE-51 is being evaluated by Seabird and PMEL as a novel instrument to
make high precision, long endurance conductivity measurements and transmit those data



via inductive modems. This sensor is still under evaluation and is currently deployed in
the North Pacific for in-situ comparisons.

The FLEX electronic (data logger, telemetry and serial interface) systems are performing
very well and within specifications. The systems are currently under in-situ evaluation at
PAPA and KEO. Realtime data can be viewed for PAPA at:
http://www.pmel.noaa.gov/stnP/data.html. The FLEX system was deployed in Sept 07
and the website in still under development.

RDI-PMEL partnership example:
Doppler Velocity Sampler
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Tropical Atmosphere Ocean (TAO) Array
Landry Bernard' and Michael J. McPhaden®
' NOAA National Data Buoy Center, Stennis Space Center, MS
> NOAA Pacific Marine Environmental Laboratory, Seattle, WA

PROJECT SUMMARY

FY 2007 funding was expended to maintain the Tropical Atmosphere (TAO) array as part
of NOAA's effort to "Build a Sustained Ocean Observing System for Climate." TAO is
the U.S. contribution to the TAO/TRITON array, a network of moored buoys spanning
the tropical Pacific Ocean maintained in partnership with the Japan Marine Science and
Technology Center JAMSTEC). TAO/TRITON supports NOAA's strategic plan goal to
"Understand Climate Variability and Change to Enhance Society's Ability to Plan and
Respond." It also underpins Climate Variability and Predictability (CLIV AR) research
efforts on El Nino/Southern Oscillation (ENSO). Management of the array is consistent
with the "Ten Climate Monitoring Principles." Program oversight at the international
level is through the CLIVAR/JCOMM Tropical Moored Buoy Implementation Panel
(TIP). Web site containing comprehensive information on the TAO program can be
found at (http://www.tao.noaa.gov/). This report summarizes the progress and
accomplishments of the TAO project in FY2007. In FY 2007, there were a lot of
progress and achievements for the TAO transition from PMEL to NDBC, which are also
summarized in this report.

FY 2007 PROGRESS
TAO/Triton Array
Background

FY 2007 was the seventh full year of the combined TAO/TRITON array and the
partnership with JAMSTEC is working well. NOAA maintains the portion of the array
between 95°W and 165°E, while JAMSTEC maintains sites between 156°E to 138°W.
JAMSTEC added three moorings along 130°E for its own purposes in FY 2002, though
these moorings complement those of the TAO/TRITON array proper. Basic
measurements from ATLAS and TRITON buoys are transmitted on the GTS and are
merged into a unified data set available on the World Wide Web

(http://www .tao.noaa.gov/).

TAO Project Highlights

At present, TAO/TRITON data show atmospheric and oceanic conditions and trends that
indicate a weak La Nifia exists in the tropical Pacific. Many forecast models that rely
heavily on TAO/TRITON data for initialization, suggest that the La Nifa will likely
continue into early 2008 and may strengthen.

Field work

NDBC is responsible for maintaining 55 ATLAS sites at and east of 165°E. At four of
these sites (165°E, 170°W, 140°W, 110°W along the equator) current meters are attached
to the ATLAS mooring lines, and a nearby subsurface Acoustic Doppler Current Profiler



(ADCP) mooring is deployed. During the past year, NDBC deployed 56 ATLAS
moorings and 2 subsurface ADCP current meter moorings in the tropical Pacific. One
experimental TAO Refreshed buoy was deployed in the Pacific for a side by side test
with TAO Legacy buoys. Four Refreshed TAO buoys were deployed in the Gulf of
Mexico as part of development tests.

2.1.4 Ship Time and Sea Time

In FY 2007, 232 days at sea were allocated to the program by NOAA’s Marine and
Aviation Operations (NMAO) (191 days on Ka imimoana and 41 days on Ronald H.
Brown) to support the TAO portion of the TAO/TRITON array. This total includes
transit days for repositioning the ships and traveling to and from the shipyard. NDBC
participated in 629 person-days at sea (number of people times days at sea) and deployed
58 moorings. Due to budget shortfalls at NMAO, Ka imimoana’s schedule was cut by
approximately 30 sea days in FY2007, reducing the number of buoys serviced for the
year. For comparison, during FY 2006, 262 days at sea (220 days on Ka imimoana and
41 on Ronald H. Brown) were required to maintain the array, and 71 moorings were
deployed.

As part of the TAO Transition, PMEL participated in 261 person-days at sea assisting
NDBC with TAO operations and in support of TAO fieldwork.

2.1.5 Data Return

Percentage real-time data return for primary TAO variables integrated over the 55 sites
for FY 2007 follows:

AirT SST T(z) WINDRH ALL
FY 2007 9 8 84 77 87 85
FY 2006 91 8 83 82 87 84

All parameters were approximately the same, except the lower wind data during 2007. A
primary reason for the lower percentages continues to be the effects of vandalism in the
two easternmost lines. Real-time return wind percentages for FY 2007 are 58% and 66%,
for lines 95W and 110W, respectively. During FY 2007, twenty-two sites recorded real-
time return percentages less than 80% for wind data and thirteen of those reported less
than 50% return. The slight increase in the ALL category is due to the increase in the
T(z) percentages. The T(z) data account for approximately 80% of the total TAO data.

Eighteen point-source current meters continue to be deployed on the TAO moorings
along the equator, near the ADCP moorings. The real-time data return during FY 2007
was 65.8%, an increase of 7.9% from FY 2006. This variable will continue to be
reported. PMEL completed a six-year analysis of the point-source current meter
performance and has forwarded the results to NDBC and to the manufacturer of the
instrument.

2.1.6  Shipboard Measurements



CTD casts, and underway ADCP and thermosalinograph measurements, are conducted
from mooring servicing cruises on the Ka'imimoana and Ron Brown. These data are an
integral part of the TAO Project, providing in situ calibration checks on mooring sensor
performance. They also provide hydrographic and current field information that helps to
put the moored time series measurements into a broad scale hydrodynamic context. The
data are a valuable resource for climate model development and climate analyses, and are
frequently used together with moored times series data in scientific publications.

A total of 241 CTD casts were made on TAO cruises in FY 2007, which was a decrease
over FY 2006 (58). This large reduction in CTD data resulted from reduction in sea
days, equipment problems and several unforeseen problems that required a reduction in
CTDs conducted to support ship's needs. The shipboard ADCP data are forwarded to,
processed, archived, and distributed by Eric Firing and colleagues at the University of
Hawaii.

2.1.7 Guest Investigator Research Projects Using TAO Moorings and TAO Cruises

The primary mission of the TAO/TRITON array is to provide real-time data for improved
detection, understanding, and prediction of El Nifio and La Nifia. The primary function of
NOAA Ship Ka imimoana is to service buoys of the TAO/TRITON array. However, the
TAO Project Office actively promotes use of Ka imimoana and, when it is used for TAO
cruises, Ronald H. Brown for other meritorious scientific investigations that are of
relevance to NOAA’s mission. These projects are developed, funded, and lead by
investigators from NOAA laboratories, other national research laboratories, and
academia. Two categories of ancillary projects are described which are (a) ongoing and
(b) one-time or for a limited number of cruises. An ongoing project is either planned or
has been onboard already for several years. A list of Pls, their institutions and project
titles are itemized below. The name of the ship from which the work is done (KA or
BROWN) is indicated in parentheses.

a. Ongoing ancillary projects on TAO cruises for FY 2007 (Project, Principal
Investigator, Institution (Ship):

o Underway CO2, Richard Feely, NOAA/PMEL (KA and BROWN)

o Turbulent flux measurements and wind profiler, Chris Fairall and Jeff Hare,
NOAA/ESRL (BROWN)

o Carbon cycle, Michael Bender, Princeton University (BROWN)

Discreet Gas Sampler, Michael Bender, Princeton University (KA)

Dissolved Inorganic Carbon (DIC) Analysis, Andrew Dickson, Scripps Institution

of Oceanography (KA)

Argo float deployments, Greg Johnson, PMEL (KA)

Global Drifter Program, Rick Lumpkin, NOAA/AOML (KA and BROWN)

Iron limitation, Mike Behrenfeld, NASA/Goddard (BROWN)

CO2 moorings, Chris Sabine, NOAA/PMEL/Francisco Chavez, MABARI (KA)

Bio-optical measurement and nutrient analysis, Francisco Chavez, MBARI (KA)

Haruphone mooring recoveries/deployments, Robert Dziak, NOAA/PMEL

(BROWN)

o O

O O O O O O
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o Underway ADCP, Eric Firing, University of Hawaii (KA and BROWN)

Underway pO2/pN2- Gas Tension device and O2 probe, Craig McNeil,

University of Rhode Island (BROWN)

Equatorial Box Project, Michael Behrenfeld, Oregon State University (KA)

Microstructure Chipod development, James Moum, Oregon State University (KA)

Nutrient Samples, Cathy Cosca, PMEL (KA)

Lagrangian Float, Ren-Chieh Lien, Eric D’ Asaro, University of Washington,(KA

and BROWN)

Tsunami/DART, NDBC, Shannon McArthur

o Turbidity/fluorescence CTD measurements, Pete Strutton, Oregon State
University (KA)
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b. One-time or limited-term ancillary projects on TAO cruises for FY 2007 (Project,
Principal Investigator, Institution (Ship):

o Moored Fluorometer deployments, Pete Strutton, Oregon State University (KA)

o Nutrient-poor seawater collection, Calvin Mordy, PMEL (KA)

o Nitrate and O, isotope analysis, Patrick Rafter, Scripps Institution of
Oceanography (KA)

o Oxygen Concentration and Isotopic Composition in Upper Ocean, Michael
Bender, Oregon State University.

TAO Project Web Pages

During FY07, the official TAO web site maintained by NDBC at http://tac.noaa.gov/
provided easy access to TAO/TRITON data sets, as well as updated technical information
on buoy systems, sensor accuracies, sampling characteristics, and graphical disp