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1. Project Summary 
 
The central activity of the U.S. Research Vessel Surface Meteorology Data Assembly Center 
(DAC) at the Florida State University (FSU) is developing and implementing the Shipboard 
Automated Meteorological and Oceanographic System (SAMOS) initiative 
(http://samos.coaps.fsu.edu/). The SAMOS initiative focuses on improving the quality of and 
access to surface marine meteorological and oceanographic data collected in-situ by automated 
instrumentation on research vessels. In FY2012, 26 U.S.-operated and 3 Australian research 
vessels routinely transmit daily emails containing one-minute averaged meteorology and surface 
oceanographic data to the DAC. Broadband satellite communication facilitates this daily transfer 
at ~0000 UTC. A preliminary version of the data is available via web services within five 
minutes of receipt. The preliminary data are placed in a common data format, are augmented 
with vessel- and instrument-specific metadata (e.g., instrument height, type, units), and undergo 
automated quality control (QC). Visual inspection and further scientific QC result in 
intermediate and research-quality products that are nominally distributed with a 10-day delay 
from the original data collection date. All data and metadata are version controlled and tracked 
using structured query language (SQL) databases. These data are distributed free of charge and 
proprietary holds via http://www.coaps.fsu.edu/RVSMDC/html/data.shtml, and long-term 
archival occurs at the U.S. National Oceanographic Data Center (NODC). 
 
The DAC activities focus primarily on NOAA Climate Mission and Technology and Mission 
Support goals by providing high-quality weather and near-surface ocean data to validate 
complementary satellite observations; global analyses of the ocean-atmosphere exchange of heat, 
moisture, and momentum; and computer-model-derived analyses of climate, weather, and ocean 
parameters. The data distributed by the DAC address the Office of Climate Observation 
program deliverables related to sea surface temperature, surface currents (via the wind), and 
air-sea exchanges of heat, momentum, and fresh water.  
 
Research vessels, being mobile observing platforms, are an essential component of the global 
ocean observing system. They are equipped with computerized data systems that continuously 
record navigational (ship position, course, speed, and heading), meteorological (winds, air 

http://samos.coaps.fsu.edu/
http://www.coaps.fsu.edu/RVSMDC/html/data.shtml
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temperature, pressure, moisture, rainfall, and radiation), and near-surface ocean (sea temperature 
and salinity) parameters while a vessel is underway. Research vessels travel to remote, hard to 
observe ocean locations far from the shipping lanes sampled by merchant vessels. Research 
vessels provide essential observations between the fixed locations of surface moorings and 
support side-by-side comparison to mooring data when moorings are deployed or serviced. 
 
The DAC provides data that quantify the physical and thermodynamic processes governing the 
interaction between the ocean and atmosphere, key to our understanding of how marine weather 
systems evolve, how these systems impact the ocean, and how the oceans impact the weather. On 
longer time scales, understanding the interaction between the ocean and atmosphere is necessary 
to assess our changing global climate system. The DAC provides high-quality marine 
meteorological and surface ocean measurements to the research and operational community so 
that they can identify and model the interactions between the ocean and atmosphere. Benefits 
include improved weather and climate models and forecasts that provide the public and private 
sector with the tools to make decisions affecting agricultural productivity, the energy industry, 
and daily life. 
 
Our user community includes scientists developing algorithms to retrieve marine observations 
from space, those working to define the range of air-sea exchanges in extreme environments 
(e.g., the Southern Ocean), and atmospheric and ocean modelers seeking to verify model 
analyses and forecasts. For many applications, our users require observations in the extremes of 
the marine environment (e.g., very high or low winds) and need frequent sampling in space 
and/or time to identify local marine features (e.g., weather and ocean fronts). The research 
vessels providing observations to the DAC meet these needs and the DAC quality evaluation 
ensures the users receive fully documented observations to complete their analyses.  
 
2.  Scientific and Observing System Accomplishments 
 
Over the past year, we have concentrated on continued data quality evaluation (from collection 
to archival) for previously recruited vessels, recruitment of additional NOAA vessels, and on the 
scientific application of SAMOS data. We also continued active participation in the international 
marine climate community. 
 
Deliverables for addressed in FY2012 included the following: 
1. Recruit any outstanding or new NOAA vessels to the SAMOS initiative.  
2. Engage OMAO to obtain full metadata for all recruited NOAA vessels. 
3. Continue routine quality evaluation of meteorological data for SAMOS vessels currently 

contributing to the DAC. Research-quality visual evaluation is only conducted for NOAA 
vessels and those vessels recruited prior to 1 July 2009. 

4. Scientific application of SAMOS data. 
5. Continue liaison activities with U.S. and international (limited) government agencies, 

archives, climate programs, and throughout the marine community. 
 
Progress on these deliverables specifically target the program deliverables related to sea 
surface temperature, surface currents (via wind observations), and the air-sea exchanges of 
heat, momentum, and freshwater. The DAC strives to make high-quality observations readily 
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available to the research and operational marine climate community. Our FY2011 deliverables 
address the collection, quality evaluation, and distribution of surface marine observations to the 
community.  
 
2.0.1 Vessel Recruitment (Deliverable 1) 
One new NOAA vessel and three new university vessels were recruited in FY2012 (Table 1).  
 
Table 1: Ships transmitting observations to SAMOS DAC during FY 2011 and FY 2012. Four vessels 
recruited leveraging additional funding from NSF are shown for completeness. Operators include NOAA, 
Bermuda Institution of Ocean Sciences (BIOS), Woods Hole Oceanographic Institution (WHOI), 
Australian Integrated Marine Observing System (IMOS), U.S. Coast Guard (USCG), U. S. Antarctic 
Program (USAP), Scripps Institution of Oceanography (SIO), and the University of Hawaii and 
University of Washington. 
   Number of ship days with data 
Vessel Operator 1/10/2010 – 30/9/2011 1/10/2011 – 30/9/2012 
Atlantic Explorer1,2 BIOS 146 200 
Atlantis WHOI 254 332 
Aurora Australis1 IMOS/Australia 189 213 
Bell M. Shimada NOAA -- 148 
Delaware II NOAA 15 --5 

Fairweather NOAA 65 -- 
Gordon Gunter NOAA 193 196 
Healy USCG 133 188 
Henry B. Bigelow NOAA 151 175 
Hi’ialakai NOAA 152 153 
Ka’imimoana NOAA 212 166 
Kilo Moana1,2 U. Hawaii 287 214 
Knorr WHOI 315 339 
Lawrence M. Gould NSF/USAP 307 256 
McArthur II NOAA 123 5 
Melville1,2 SIO 30 234 
Miller Freeman NOAA 13 --5 

Nancy Foster NOAA 143 135 
Nathaniel Palmer NSF/USAP 166 315 
New Horizon1,2 SIO -- 10 
Oceanus WHOI 331 484 

Okeanos Explorer NOAA 119 115 
Oregon II NOAA 166 151 
Oscar Dyson NOAA 124 200 
Oscar Elton Sette NOAA 141 183 
Pisces NOAA 182 160 
Polar Sea1,3 USCG -- -- 

Rainier NOAA -- -- 
Roger Revelle1,2 SIO 108 357 
Ronald Brown NOAA 94 126 
R. G. Sproul1,2 SIO -- 16 
Southern Surveyor1 IMOS/Australia 127 170 
Tangaroa1 IMOS/New Zealand 127 232 
T. G. Thompson1,2 U. Washington -- 33 
  4413 5070 
1No research-quality visual data quality control completed. 
2NSF funding supported recruitment (part of UNOLS Rolling Deck to Repository project). 
3The Polar Sea is currently in caretaker status. 
4Oceanus moved from WHOI to Oregon State University at the start of 2012. This interrupted the data flow to SAMOS 
5No future data expected from Delaware II (decommissioned in 2012) and Miller Freeman (decommissioning in 2013). 
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Recruitment of the New Horizon, R. G. Sproul, and T. G. Thompson was supported by 
complementary funding from the National Science Foundation (NSF) Ocean Instrumentation and 
Technical Services program (these vessels are listed here for completeness). Several previously 
recruited NOAA vessels did not report in FY2012. 
 
2.0.2 Interaction with OMAO (Deliverable 2) 
Over the past year, the PI has been in active communication with the Office of Marine and 
Aviation Operations (OMAO) at NOAA. Two face-to-face meetings (Boulder, CO – May 2012 
and Silver Spring, MD – June 2012) provided an opportunity to improve the lines of 
communication with OMAO and the NOAA R2R project (in development). In June, FSU and 
OMAO personnel agreed to develop some protocols that would exchange SAMOS data quality 
information directly to OMAO so that the upper OMAO management could rapidly assess 
NOAA fleet performance. The result was the development of a JSON web service that 
automatically provides OMAO with data flow and quality metrics for the NOAA fleet. The 
metrics provided by this service allowed OMAO to develop a web dashboard to be displayed at 
OMAO headquarters (Fig. 1). Through this ongoing dialog and data exchange, the DAC is 
providing a service to OMAO that improves the quality of the data collected by NOAA vessels. 
These improvements continue to expand the quantity of high quality marine observations 
reaching the national archives from the publically-funded NOAA research fleet. Ongoing 
interactions between the DAC and OMAO directly address Technology and Mission Support 
goals in NOAA’s strategic plan. 
 

 
Figure 1. Ship status dashboard developed by the Marine Operation Center at OMAO. The 
number of days since the DAC last received SAMOS observations and the overall SAMOS data 
quality are shown in the rightmost two columns. 
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2.0.3 Data quality control (Deliverable 3) 
Automated quality processing is completed on every set of data received from recruited vessels 
(Table 1). The automated processing continues to be a smooth operation with each data set being 
versioned and tracked via an SQL database. In FY2012, we evaluated 5070 days of underway 
meteorological and sea surface temperature data (a 15% increase from FY2012). These data span 
the global ocean, extending into poorly sampled regions of the Indian, South Atlantic, and 
Southern oceans (Fig. 2). The extent of these data from the tropics to the polar latitudes, along 
with many reports on the continental shelf, provide observations from the wide range of 
environmental conditions required by our users to meet objectives in satellite, air-sea exchange, 
and physical oceanographic studies. The data collected and quality controlled by the DAC 
directly support the OCO program deliverables related to sea surface temperature, currents 
(via wind data), and the air-sea exchange of heat, momentum, and fresh water. 
 

 
Figure 2: Cruise tracks showing data provided to the SAMOS DAC for FY2012. Data are color 
coded by the primary data providers. All university-operated vessels are shown in blue. 
 
Our lead analyst, Jeremy Rolph, continues to conduct daily (not 24/7) visual inspections of all 
observations. This inspection, a quick-look, does not allow for adding/altering quality control 
flags on the data. It is a means of ensuring that the data received from the vessel are free of major 
sensor failures or other problems that would require notification of the vessel at sea. These at-sea 
notifications are highly desired by the vessel operators and onboard technicians and are the core 
benefit to the vessel operator. Prompt problem notification results in a quick resolution of 
sampling issues and adds value to the public investment in expensive shipboard observing 
systems. 
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Over the past year, Kristen Briggs, our visual data quality analyst, completed research quality 
QC for many of the recruited vessels (the exceptions are noted in Table 1). Visual QC allows the 
analyst to review, add, or modify data quality flags on the merged files. Visual quality control is 
manpower intensive and has been successful for 2012 only because the DAC continues to 
leverage NSF funding and shift resources and tasks for our two quality analysts. NSF funds are 
focused on vessels from the U.S. academic fleet, so our OCO funds have been focused on the 
quality evaluation of SAMOS observations received from the NOAA, USCG, and polar vessels. 
The Australians conduct visual QC for IMOS vessels. Even with the additional funding from 
NSF, we are unable to provide research quality visual QC for newly recruited vessels, with the 
exception of any new NOAA vessels that come on line. Furthermore, recent NOAA funding 
reductions will eliminate visual QC for all non-NOAA vessels at the start of calendar year 2013. 
 
We again produced an annual report (Briggs et al. 2012) that summarizes the data quality for all 
vessels contributing data for the calendar year 2011. The report has been distributed to all 
operators of SAMOS vessels and provides a foundation for developing automated monthly 
reports for operators. 
 
2.0.4 Scientific Application of SAMOS Data (Deliverable 4) 
The DAC continues to support existing users of the SAMOS observations and continues to 
expand our user community. We continue to provide SAMOS observations to Darren Jackson 
and Gary Wick at NOAA ESRL to support their development of new satellite air temperature 
and humidity retrieval algorithms. The importance of SAMOS observations for satellite 
algorithm development and satellite product validation are discussed in an invited manuscript 
published in Sea Technology magazine (Smith et al. 2012). 
 
FSU continues to use SAMOS observations to validate sea surface temperature and salinity 
fields from the HYbrid Coordinate Ocean Model (HYCOM). HYCOM is widely used by 
physical oceanographers and marine biologists. FSU is focusing on validating HYCOM in the 
northern Gulf of Mexico, a region of high productivity for the U.S. fishing industry. The project 
is an ongoing undergraduate research project and is leveraging additional funding from the 
HYCOM project. The results (Fig. 3) reveal an overestimation of the surface salinity in HYCOM 
near the northern Gulf Coast. The hypothesis is that HYCOM is underestimating the freshwater 
input from the major rivers along the coastline. Use of SAMOS observations to validate ocean 
models provides a significant opportunity to quantify model biases and provide direction for 
future model improvements. 
 
Other known users of SAMOS observations include Jim Manning (NOAA NE Fish Science 
Center), an international researcher (Mr. Lim) doing satellite wind product validation in the 
Southern Ocean, John Gunn (Earth & Space Research), and Chad Cary from NOAA’s 
Environmental Modeling Center (Arctic SST data). The NASA PO.DAAC has also included the 
SAMOS data in one of its data mining tools. In 2012, we also learned that NOAA’s 
Environmental Research Division as been re-serving quality controlled SAMOS observations on 
their Data Access Program portal. Scientists using their portal include researchers from the 
Salmon Ecosystem Simulation Management and Evaluation Project ( http://sesame.noaa.gov ), 
which is a cooperative experiment involving NOAA, NASA, the CA Dept of Water Resources, 
four major universities and several private research organizations to model the life history of the 

http://sesame.noaa.gov/
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Chinook salmon migrating through the San Francisco Bay estuary system (Lynn Dewitt, 
personal communication, 2012). 

 
Figure 3. Sea surface salinity difference between HYCOM experiment 31.0 output and a 
composite of 45 SAMOS ship tracks in the Gulf of Mexico. Individual one-minute HYCOM-Ship 
differences are binned on a 0.5˚ grid from 529 days of ship observations during the period Jan 
2010-Oct 2011. Ship-to-HYCOM matches are constructed through a bilinear interpolation of the 
HYCOM 1/25˚ daily data to the individual ship positions. 
 
2.0.5 Liaison Activities (Deliverable 5) 
The SAMOS project continues to exemplify strong data stewardship practices for underway data 
from research vessels and maintains an active partnership with the Australian IMOS project, the 
UNOLS Rolling Deck to Repository (R2R) project, and the NOAA R2R initiative. The PI 
routinely receives requests from other marine data programs to share the lessons learned from 
SAMOS. Without ongoing support from NOAA, the SAMOS project would never have become 
a model for the management of underway atmospheric and surface ocean data. 
 
The SAMOS DAC serves as the project office for the entire SAMOS initiative. In this capacity, 
DAC personnel facilitate U.S. and international collaborations on topics such as data accuracy, 
data acquisition and exchange, training activities, and data archival. The PI performs an active 
role in the international marine climate community, serving on two JCOMM task teams 
(Delayed-Mode Voluntary Observing System and Instrument Systems). Recently the PI 
contributed to a review of Part II, Chapter 4 of the WMO Guide to Meteorological Instruments 
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and Methods of Observation (WMO No. 8). The PI also continued active communication with 
research vessel technicians by attending the UNOLS Research Vessel Technical Enhancement 
Committee meeting (New Orleans, Nov. 2011). 
 
2.0.6 Data Distribution 
All near real-time (preliminary, 5-min delay from receipt) and delayed-mode (intermediate or 
research, 10-day delay from receipt) data are available via web (http://samos.coaps.fsu.edu/, 
under “Data Access”), ftp (samos.coaps.fsu.edu, anonymous access, cd /samos_pub/data/), and 
THREDDS (http://coaps.fsu.edu/thredds.php) services. The most recent data can be identified by 
selecting “preliminary” data at http://samos.coaps.fsu.edu/html/data_availability.php and vary 
depending on which ships are transmitting data on a given day. We routinely test our web 
services and respond rapidly to failures of the system. Although we do not have a formal data 
management plan documented, the SAMOS web site includes our mission statement, data policy, 
and acknowledgements under the “About” tab on the SAMOS home page. The web site also 
provides access to recruitment materials for vessels, desired SAMOS parameters, accuracy 
requirements, relevant literature, best practice guides, and training materials. 
 
SAMOS data are not presently provided to the Global Telecommunication System. As part of 
our work with JCOMM we are analyzing available GTS records from RVs contributing to 
SAMOS to determine whether adding SAMOS data to the GTS would provide added value to 
the community. The PI notes that our major user community continues not to require GTS access 
to retrieve the data. Our current web, ftp, and THREDDS systems meet their needs. 
 
SAMOS data are archived at the U.S. National Oceanographic Data Center on a monthly 
schedule. To ensure integrity, each archival set includes files that contain the original, 
preliminary, and research-quality data and metadata (e.g., file naming and format descriptions), a 
file manifest, and a message-digest algorithm 5 (MD5) checksum for each file. NODC makes the 
archival sets available online via two types of Dissemination Information Packages: the public 
may download individual files in the archival set—each file has a unique URL—or the entire 
archival set in one “tarball” file. Users may find all the SAMOS data by searching for SAMOS 
under “Contributing projects” on the Open Archive System at 
http://www.nodc.noaa.gov/Archive/Search. A check on 23 October 2012 located over 700 
monthly SAMOS ship archive sets at NODC. Periodically the PI downloads SAMOS data from 
NODC to ensure system integrity. 

 
 

On 20 January 2012, the PI, in collaboration with NOAA ESRL, facilitated a marine technician 
short course on marine meteorology at the NOAA/OSU facility in Newport, OR. This training 
reached 28 marine technicians. There was a pretty even split between NOAA and university 
technicians, with most of the NOAA technicians coming from west coast marine centers. We 
received very positive comments from the technicians and addressed a wide range of concerns 
related to instrument exposure, sensor types, documentation, maintenance, and true wind 
calculations. The short course content was developed under our NSF R2R funding and includes 
“Why we care about MET/TSG data”, “Common sensors and measurement systems”, “Sensor 
location and exposure”, “Adjusting observations for ship motion and sensor height”, and “The 
technicians role in data quality assurance and quality control”; however, travel support for the PI 
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to conduct the NOAA training was supported by NOAA OCO. All training materials and lessons 
are available at: http://samos.coaps.fsu.edu/html/mtshortcourse.php. We plan to offer this 
training at future NOAA and university workshops and meetings. 
 
Funding from NOAA supports ongoing training of graduate students in the fields of meteorology 
and data product development. Cristina Collier (MS 2012) used in situ data to examine how the 
diurnal cycle influenced surface variability and applied the changes in winds (and fluxes) to 
change the potentially available offshore wind power. She also found that wave impacts caused 
several percent mean change in that power, making the consideration of waves very important 
economically. Paul Hughes (ongoing Ph.D. student expected to defend this year) has been 
developing and testing our objective method for assimilating satellite data to produce realistic 
fields of surface winds and fluxes. He seems to have explained systematic changes associated 
with sea surface temperature gradients. The R/V data should be very useful in validating this 
product. Aaron Paget (ongoing Ph.D student) has been investigating how white capping can be 
estimated from satellite data. This project ties into better estimates of mid to high latitude winds 
and fluxes. While we are not examining the following, the white capping work is also very 
important for ocean color observations (it is the limiting factor at high wind speeds) and 
estimating surface fluxes of CO2. Aaron has managed to acquire recent and historical data, 
giving him a much larger data set to work with than has been used for prior work. The in situ 
data is useful for testing the assumptions in the satellite retrievals. 
 
Over the past year, the activities of the DAC have been presented to the public at community 
outreach events. Events include the following: January 2012 - Children's Day at the Museum of 
Florida History (est. 750 visitors); February 2012 - FSU Day at the Capitol (est. 50 visitors); 
February 2012 - National High Magnetic Field Laboratory Open House (est. 1,000 visitors); May 
2012 - National Weather Service Tallahassee: WeatherFest and Hurricane Preparedness Day (est. 
500 visitors); July 2012 - American Association of State Climatologists Annual Meeting (hosted 
by the FSU Florida Climate Center) (est. 150 visitors); August 2012 - Deep-C Consortium 
Annual Meeting (hosted by COAPS) (est. 60 visitors). 
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