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Climate Monitoring: Supporting Research and Development of Climate Information and Products to Advance Science and Serve Society
J. S. Arrigo
NOAA Climate Program Office, Climate Observation Division
COD’s Climate Monitoring program supports over $3 million per year in research and development of climate data sets, analyses, and products to monitor and describe climate variability and change. The program supports climate information development for ocean, arctic, and atmospheric processes. The current portfolio is over a dozen projects across three focus areas that align with scientific and societal needs. Data Sets for Extreme Events produce new, comprehensive data sets that can provide scientific insights and can be used to better communicate and inform the public about the characteristics and variability of climate extremes. The program’s focus on extremes encompasses the large-scale natural modes of variability of the climate system with dynamic linkages to the extreme events, as well as the characteristics of the events themselves and their impacts on human and natural systems. A second set of projects are developing several observation-based Ocean Climate Indicators that facilitate monitoring the status, trends, extremes, and variability of ocean physical properties over time scales of weeks to decades for the benefit of research, predictions, and decision-makers. Many of the indices are composed from observations from the global ocean observing assets that NOAA and its partners deploy in the open ocean (e.g. http://oco.noaa.gov). This community will help explore developing a comprehensive ocean monitoring and indicators system. Finally, the Last Millennium Climate Reanalysis project is a multi-institution synthesis effort that aligns specialized paleoclimate data with the agency climate portfolio developed by CPO. The “LMR” uses data assimilation approaches, to extend the reanalysis time period to the last 1000 years. Gridded reconstructions of multiple climate variables, constrained by paleoclimate observations and consistent with the dynamical and thermodynamic constraints offered by general circulation models, will provide new insights and improve our ability to diagnose low-frequency climate variability and the statistics of extreme events.
Specification Sheets for Essential Climate Variables

M.A. Bourassa
Center for Ocean-Atmosphere Prediction Studies, Florida State University, Tallahassee, FL

The Ocean Observation Panel for Climate has developed specification sheets for Essential Climate Variables (ECVs). These descriptions include examples of processes related to these variables as well as the characteristics of the components of the observing system that measure these variables. Parts of these templates will be displayed on a poster. Participants are encouraged to check the information and add additional details such as processes.
Key words: Essential Climate Variables

Modification of Air/Sea Interaction through Wind and SST coupling
M.A. Bourassa, J. Steffen, and P.J. Hughes
Center for Ocean-Atmosphere Prediction Studies, Florida State University, Tallahassee, FL
SST gradients modify the surface wind speed, which causes changes in turbulent fluxes and Ekman upwelling. These changes are substantial on 'small' spatial scales and vary seasonally. A boundary-layer model is used to examine these changes. Examples will include fluxes around western boundary currents and upwelling in the North Pacific Ocean.
Key words: Air/Sea Interaction

World Ocean Database Activities in Support of Climate Studies
O. Baranova, T. Boyer*, C. Coleman, H. Garcia, A. Grodsky, D. Johnson, R. Locarnini, A. Mishonov, R. Parsons, C. Paver, J. Reagan, D. Seidov, I. Smolyar, C. Sun, and M. Zweng

Ocean Climate Lab/National Centers for Environmental Information

The World Ocean Database (WOD) is the World's largest publicly available quality controlled uniformly formatted oceanographic profile database.  It contains nearly 14 million oceanographic casts (collocated profiles of temperature, salinity, oxygen, nutrients, plankton counts, etc.) collected from 1772 to the present year, updated quarterly. An expanding suite of ocean climate time series related to ocean heat and freshwater content are updated quarterly.  Efforts are ongoing to increase the sources of data available in the WOD, both from Climate Program Office projects and other domestic and international entities and to improve the quality control of the data. Efforts are also ongoing to increase the availability of WOD data to researchers, with a particular emphasis on machine-to-machine discovery and delivery.  Finally, research into new uses of the data for climate research in support of newer programs such as the Aquarius sea surface salinity mission and to increase the certainty of existing climate records are being carried out using the WOD.

The PMEL Ocean Tracer Program
J. Bullister 1, D. Wisegarver1, and R. Sonnerup*2
1NOAA Pacific Marine Environmental Laboratory, Seattle, WA; 2Joint Institute for Study of the Atmosphere and Ocean, University of Washington, Seattle, WA
Dissolved chlorofluorocarbon (CFC) measurements made on a global scale during the WOCE-era were widely used for determining water mass formation rates. These ventilation rates were critical to efforts to quantify the ocean’s uptake of anthropogenic CO2, and establish estimates of thermocline ventilation timescales throughout the World Ocean, as well as deepwater formation rates in the North Atlantic and Southern Oceans. The PMEL Ocean Tracer program is re-occupying key WOCE CFC sections as part of the CLIVAR Repeat Hydrography program. These CFC reoccupations have provided continued estimates of the anthropogenic perturbation of CO2 and heat and, compared with older sections, of changes in ocean ventilation. Since the 1990s, anthropogenic CFCs have penetrated to the seafloor in several oceanic basins, now providing estimates of the rate at which the anthropogenic CO2 and heat perturbations will be absorbed by and impact the deep ocean on long time scales. Furthermore, the anthropogenic CFC signal is now easily measurable in the major oceanic oxygen deficient zones. These tracers can provide estimates of the rates at which atmospheric gases, especially oxygen, are ventilated into and consumed within these important oceanic regions that are forecasted to be undergoing significant expansion, which will also lead to major changes in the oceanic nitrogen cycle. Finally, PMEL has developed methods for measuring a complementary transient tracer, sulfur hexafluoride (SF6) on the same water samples as the CFCs at nominal additional expense. SF6 provides a new transient tracer in shallow waters (< 350m) where the CFCs are no longer increasing and, combined with the CFCs, provides a means to estimate the impacts that mixing has on tracer ages. These combined CFC/SF6 datasets are improving our confidence in upper ocean oxygen consumption and CO2 uptake rates, and provide a means of estimating decadal changes in ocean ventilation from sections reoccupations during CLIVAR.
Key words: Ocean Tracers, CLIVAR Repeat Hydrography

SOCAT Data Automation: Streamlined Data Submission
E.F. Burger*1, K.M. O'Brien2, K. Smith2, R. Schweitzer3, and A. Manke1

1Pacific Marine Environmental Laboratory, Seattle, WA; 2Joint Institute for the Study of the Atmosphere and Ocean, University Washington, Seattle, WA; 3WeatherTop LLC, College Station, TX
The Surface Ocean CO2 Atlas (SOCAT, www.socat.info) is a synthesis activity by the international marine carbon community. SOCAT provides regular releases of quality controlled, synthesis and gridded fCO2 (fugacity of carbon dioxide) data products for the global oceans and coastal seas. These data products enable quantification of the ocean uptake of the greenhouse gas CO2 by a variety of methods. SOCAT version 1 was made public in 2011 (Pfeil et al., 2013; Sabine et al., 2013). Two years later version 2 with 10.1 million fCO2 values spanning the years 1967 to 2011 was released (Bakker et al., 2014). SOCAT Version 3, scheduled to be released in summer 2015, will include over 14 million fCO2 values and increase the time span of data from 1957 through 2013. 
A lesson made clear after the completion of SOCAT versions 1 and 2 was that the process for incorporating new data, uniformly assessing quality, and releasing new versions of the collection is too labor intensive to sustain. A plan for ‘automation’ was therefore agreed upon, which will streamline the process to the maximum degree feasible. 
This poster will discuss the implementation of the automation plan, whose goal is to create a responsive and functional data submission and quality-control portal used by a geographically dispersed team of scientists. This includes closely linking data to well-defined and complete metadata, data archival to data centers, and providing high-quality carbon data in formats that conform to known standards and conventions.
Key words: SOCAT, Carbon, Data Management, automation

Ongoing Ocean Station P Time Series
M.F. Cronin1, M.H. Alford2, S. Bushinsky3, B. Crawford4, E.A. D’Asaro5, S.R. Emerson3, C.C. Eriksen3, A. Fassbender1,3, R.R. Harcourt5, J. Keene6, H. Klinck7,8,9, J. Nystuen5, N. Pelland3, M. Robert4, A. Sutton1,6, and J.M. Thomson5 
1NOAA Pacific Marine Environmental Laboratory, Seattle WA 2Scripps Institution of Oceanography, University of California, San Diego, La Jolla, CA 3UW School of Oceanography, Seattle WA, 4Fisheries and Oceans Canada, Institute of Ocean Sciences, Sidney, BC Canada;
5Applied Physics Laboratory, University of Washington (UW), Seattle WA 6Joint Institute for the Study of Atmosphere and Ocean, UW, Seattle WA 7Bioacoustics Research Program, Cornell Lab of Ornithology, Cornell University, Ithaca, NY 8Cooperative Institute for Marine Resources Studies, Oregon State University, Hatfield Marine Science Center, Newport, OR 9NOAA Pacific Marine Environmental Laboratory, Hatfield Marine Science Center, Newport, OR
Having one of the longest oceanic time series, Ocean Station P (50°N, 145°W) is a critical site in the global network of OceanSITES time series reference stations. Thus through a partnership between NSF, NOAA, and the Line-P program of Fisheries and Oceans Canada, a set of reference station moorings have been initiated at Station P (aka Station Papa). Since June 2007, the site has included a NOAA surface mooring with sensors for monitoring the air-sea heat, moisture, momentum and carbon dioxide fluxes; ocean acidification; the net biological oxygen production; near-surface currents; and upper ocean temperature and salinity stratification. From 2008-2010, a nearby subsurface mooring with Acoustic Doppler Current Profilers (ADCP) at 850 m and above 200 m monitored the deep penetration of wind-generated near-inertial waves. Since summer 2010, a waverider mooring, operated by the University of Washington Applied Physics Laboratory, has been monitoring wave height and direction. In addition, a passive aquatic listening device for monitoring rainfall was mounted first on the subsurface ADCP mooring, and then on the waverider mooring. For monitoring the changing spatial structure of the physical and biogeochemical properties from the coast to Station P, the Line-P program has made sections 3-6 times per year since 1981, with more frequent sampling in the 25 years prior to 1981. For monitoring the spatial gradients near Station Papa, a Seaglider performed butterfly patterns centered at the site from June 2008 - January 2010. While the subsurface ADCP mooring and glider are no longer operating at Station P, beginning in 2013, the station has been enhanced with flanking profiler moorings and gliders as part of the NSF Ocean Observatories Initiative (OOI), making Station Papa a global node within the OOI array. Finally, beginning in January 2015, an Ocean Noise Reference Station (NRS) was established at Ocean Station P. This subsurface mooring is part of a nationwide effort to monitor current levels and trends over the next several decades in ocean ambient noise and the abundance and distribution of marine mammals. Station P data thus can be used to investigate a full range of air-sea interactions, and their effects on the marine ecosystems and marine life.
Key words: OceanSITES, Station P, Ocean Climate Stations
Contributions of the XBT Network and Satellite Measurements to Our Understanding of the MOC in the South Atlantic
S. Dong *1, G. Goni2, M. Baringer2, C. Meinen2, and S. Garzoli1

1Cooperative Institute for Marine and Atmospheric Studies, Univ. of Miami, and NOAA/ Atlantic Oceanographic and Meteorological Laboratory, Miami, FL; 2NOAA/ Atlantic Oceanographic and Meteorological Laboratory, Miami, FL
Data from the zonal XBT transect (AX18) in the South Atlantic (~34°S) have been used to estimate the strength of the meridional overturning circulation (MOC) and the meridional heat transport (MHT). This transect provides the first quarterly time series of the MOC/MHT estimates since 2002. Results from AX18 have revealed various features of the MOC/MHT variability on seasonal-to-interannual timescales, which have been used to evaluate model performance in simulating MOC processes. Observational estimates suggest that the geostrophic transport plays an equal role to the Ekman transport in the MOC seasonal variations, whereas in the models the Ekman transport controls. The seasonality of geostrophic transport from observations is largely controlled by density variations at the western boundary, but in the models the eastern boundary dominates. The observed density seasonality at the western boundary is linked to the Malvinas Current intensity, which is poorly reproduced in the models. The weak seasonal cycle in the model geostrophic transport can primarily be attributed to excessively strong baroclinicity below the surface mixed-layer, whereas the observations show a strong vertical coherence in the velocity down to 1200 m.
Results from AX18 also provided an evaluation of the methodology to estimate MOC/MHT from altimetry measurements, which allows us to extend the time series to the entire altimetry period (1993-present). Consistent with studies from XBTs and Argo, both the geostrophic and Ekman contributions to the MOC exhibit strong annual cycles, and play an equal role in the MOC seasonal variations. The strongest variations on seasonal-to-interannual timescales in our study region are found at 34.5°S. The dominance of the geostrophic and Ekman components on the interannual variations in the MOC/ MHT varies with time and latitude, with the geostrophic component being dominant during 1993-2006 and the Ekman component dominant during 2006-2011.
Key words: MOC, MHT, South Atlantic
Parameterization and Measurement of Surface Turbulent Fluxes at High Latitudes
C.W. Fairall*, A.A. Grachev, and P.O.G. Persson
NOAA Earth System Research Laboratory, Boulder, CO 
Air-surface interactions are characterized directly by the fluxes of momentum, heat, moisture, trace gases, and particles near the interface. In the last 15 years advances in observation technologies have greatly expanded the database of high-quality direct (covariance) observations at high latitudes – both over sea ice and from research vessels. In this paper, we will summarize recent observations, including the 1997-98 landmark Surface Heat Budget of the Arctic (SHEBA) field program and recent high latitude ship-based flux measurements. SHEBA’s 1-year of continuous observations from 5 levels of sonic anemometers led to major advancements in theoretical understanding of and parameterization of stable surface layers. Advances in sea-going motion-corrected direct flux observations have also led to improvements in characterization of bulk transfer coefficients, gas transfer velocities, and the production of sea-spray aerosols. Much of the recent work at high latitudes has featured pushing the range of observations into the high wind regime (U10>20 m/s). Ship-based systems also offer an opportunity to investigate wave-ice-atmosphere processes. In the paper we will discuss some recent high latitudes observations by the PSD flux group.
Key words: Air-sea flux, high latitudes

Anomalously High Surface Water pCO2 values in the 2014-15 NE Pacific Warm Water “Blob”

R. A. Feely1, C. E. Cosca1, R. Wanninkhof2, D. Pierrot2 and N. A. Bond3

1NOAA Pacific Marine Environmental Laboratory, Seattle WA; 2NOAA Atlantic Oceanographic and Meteorological Laboratory, Miami, Florida; 3Joint Institute for the Study of the Atmosphere and Ocean, University of Washington, Seattle WA


Since 2014 sea surface temperatures in the Northeast Pacific Ocean (NEP) reached historically high levels exceeding more than 2°C warmer than normal. This mass of anomalously warm water has been centered in the eastern and central North Pacific and, more recently, along the Pacific coast from Canada to Mexico. Concomitant with the large SST anomalies from January 2014 through May 2015 are higher than normal surface water pCO2 values (400-450 µatm), which exceed atmosphere values in this region by as much as 60 µatm. These preliminary results indicate the surface water pCO2 values have changed along the cruise track, causing the region to transition from a carbon dioxide sink to a source during the warm season from March to November. If this mass of anomalously warm water continues to expand these changes to the oceanic carbon sink in the region could have significant implications for the oceanic carbon budget. 

Continuous Records of the Mixed Layer Heat Budget in the Tropical Atlantic
G.R. Foltz*, C. Schmid, and R. Lumpkin
Physical Oceanography Division, NOAA/ Atlantic Oceanographic and Meteorological Laboratory, Miami, FL
The tropical Atlantic Ocean and surrounding continents have experienced several extreme climate events during the past two decades that have resulted in two “once-in-a-century” droughts in the Amazon, extreme drought and flooding in Northeast Brazil, and unprecedented hurricane activity in the Atlantic basin. Almost all of these extreme events have been connected to highly anomalous sea surface temperatures (SST) in the tropical Atlantic. However, the mechanisms driving the extreme SST fluctuations are not well known. Empirical analyses of SST variability in the tropical Atlantic usually rely heavily on data from satellites, atmospheric reanalyses, and global hydrographic profiles. Direct measurements from the Prediction and Research Moored Array in the Tropical Atlantic (PIRATA) are used much less frequently, despite the generally higher quality of the atmospheric measurements compared to those from satellites and reanalyses, and the enhanced temporal sampling rate of all PIRATA data. Part of the reason is that data from the PIRATA moorings is more difficult to interpret because of the coarse vertical resolution of some of the temperature and salinity sensors and the presence of occasional gaps and biases in the time series. Here we present initial results from a project to create continuous daily-averaged time series of the oceanic heat budget components from each of the 17 moorings of PIRATA. The poster will focus on new methods to fill vertical and temporal gaps in the PIRATA subsurface temperature and salinity time series using satellite data and Argo, and a procedure to determine the optimal mixed layer depth criterion from the resultant daily-averaged, 5-m vertical resolution time series.
Key words: tropical Atlantic, PIRATA, SST, heat budget, mixed layer, temperature, salinity
The Distributed Biological Observatory: A Latitudinal Detection Array for Tracking Ecosystem Change in the Pacific Arctic
J.M. Grebmeier*1, L.W. Cooper1, K.E. Frey2, S.E. Moore3, and R. Pickart4

1Chesapeake Biological Laboratory, University of Maryland Center for Environmental Science, Solomons, MD; 2Graduate School of Geography, Clark University, Worcester, MA; 3NOAA Fisheries, Office Science & Technology, Seattle, WA; 4Department of Physical Oceanography MS 21, Woods Hole Oceanographic Institution, Woods Hole, MA
Changing seasonal sea ice conditions and seawater temperatures strongly influence biological processes and marine ecosystems at high latitudes. In the Pacific Arctic, regions termed “hotspots” are localized areas with persistent high benthic macroinfaunal biomass that have now been documented over four decades. These regions are being more formally tracked to relate physical forcing and ecosystem response as an Arctic Distributed Biological Observatory (DBO) supported by multiple US agencies, based upon the 2014 Implementation Plan for the National Strategy for the Arctic Region, and through participation of multiple international partners. NOAA’s Climate Observations program is participating in several ways, including through the integration of activities of the Russian-American Long-term Census of the Arctic, which provides access to productive waters within the Russia Exclusive Economic Zone. The DBO includes a series of coordinated, multi-trophic level observations that integrate physical, biogeochemical and biological measurements along transect lines that intersect all of the benthic hotspots that are important foraging areas for upper trophic level benthivores, including spectacled eiders, walruses, gray whales, and bearded seals. Most of the high benthic biomass concentrations are maintained by export of high chlorophyll a that is produced locally as well as advected by water masses transiting northward through the system. Tracking the status and trends of these biological ecosystems as they change in response to climatically related physical drivers has been facilitated through development of the DBO network. We will highlight results at the DBO time-series sites from the northern Bering Sea to the NE Chukchi Sea in relation to retrospective and ongoing process-oriented studies in the region.
Key words: Pacific Arctic Region, observing system, biological and ecosystem response

The XBT Network
G. Goni1, D. Roemmich2, S. Dong3, J. Sprintall2, M. Baringer1, and N. Zilberman2 
1NOAA/Atlantic Oceanographic and Meteorological Laboratory, Miami, FL 2Scripps Institution of Oceanography, La Jolla, CA; 3CIMAS, University of Miami, Miami, FL

XBT transects were first implemented in the early 1980s, and the current XBT network recommended by the scientific community includes repeated transects in frequently repeated and high density mode. Until the introduction of Argo profiling floats, the XBT network constituted more than 50% of the global ocean thermal observations. With the Argo array now in place, XBT observations currently represent approximately 15% of temperature profile observations. The goal of the XBT network is to obtain temperature sections along fixed repeated transects to enhance our knowledge of the temporal and spatial variability of key surface, subsurface, and boundary currents, and of meridional heat transport (MHT). The current XBT network include 55 transects, of which 35 are currently active. Some transects, such as IX01, AX07, AX32, and PX06, have been sampled already for more than 20 years. Results will be presented on the current use of XBT data for MHT and ocean current studies.

Systematic biases have been identified in the XBT data, some of which originate from computing the depth in the profile using a theoretically- and experimentally-derived fall rate equation. These biases have been shown to create spurious signals in long-term assessments of global estimates of heat content and other ocean indicators. The XBT science community concluded that XBT biases consist of: 1) errors in depth values due to the inadequacy of the probe motion description done by standard fall-rate equation, and 2) independent pure temperature biases that do not originate from depth estimates. The XBT science community has recommended one XBT data set for current scientific use, based on the reduced biases presented in it. Best practices for historical XBT data corrections, recommendations for future collection of metadata to accompany XBT data, impact of XBT biases on scientific applications, and challenges encountered will be presented. 
Key words: XBT currents meridional heat transport variability
Improvements to TAO Daily Averages and High-Resolution Data as a Result of Refresh Technology
K.R. Grissom*1, D.C. Petraitis1, R. Beets2, and D. Pounder2
1NOAA/National Weather Service, National Data Buoy Center(NDBC); 2NDBC/Pacific Architects Engineers
The Tropical Atmosphere Ocean (TAO) array has been a major observational component of ENSO and climate prediction research since its completion in 1994 by NOAA’s Pacific Marine Environmental Laboratory (PMEL). In 2005 operational responsibility and control of the TAO array was transitioned from PMEL to the National Data Buoy Center (NDBC). As part of the transition, a project for TAO Technology Refresh was developed to address equipment obsolescence and the need for higher data throughput in real-time. Completed in 2014, the “TAO Refresh” array has met the requirements of the NOAA transition plan and added new capabilities and value. These new capabilities include a reduced latency of data and increased real-time resolution from one observation per sensor each day to 144+ observations per sensor each day. Also improvements in NDBC data management practices resulting in the development of a new TAO Automated Statistical Quality-control (TASQ) system that provides a real-time automated quality-control method based upon 20 years of historical data. In addition, an active method for gathering actionable evidence and combating vandalism was achieved through the installation of cameras on TAO buoys. With these enhanced capabilities, the TAO Refresh array is better positioned to support timely analyses of the diurnal cycle and high frequency weather phenomena that affect climate. An added benefit of the Refresh technology is the reduced sampling error due to the temporal averaging. For example, during a recent week long vandalism event at a Refresh buoy we have found an average error of 0.24°C (±0.17) in the subsurface temperature daily average, with the maximum error of 0.67°C. Historically, due to the limitations of real-time communications these errors were masked within the daily average. However, with today’s satellite system we can retrieve the full-resolution time series in real-time and improve the quality of our data.
Key words: TAO Refresh

Toward Improved Understanding of Extreme Snow Melt Runoff Events Under Past, Present, and Future Climate
G.R. Henderson*1, D.A. Robinson2, D.J. Leathers3, and T. Mote4

1Oceanography Dept., U.S. Naval Academy, 2Dept. of Geography, Rutgers University, 3Dept. of Geography, University of Delaware, 4Dept. of Geography, University of Georgia
The ablation of snow cover is an important contributor to crucial hydrologic variables such as streamflow, soil moisture, and groundwater supplies. In regions with discontinuous snow cover the number and magnitude of ablation events vary greatly from one season to another. Even in stream basins that are characterized by a single large melt event each season, estimates of the size and time of occurrence of peak flows changes dramatically from one year to the next. Seasonal variations in the frequency and magnitude of large ablation events are important as they can lead to severe environmental and societal consequences. 

Using a combination of observational data and a suite of model-generated products, the goal of this project is to examine the climatology of significant snow ablation events across the United States east of the Rocky Mountains. By examining the influence of global-scale forcings on the frequency and magnitude of such ablation events, the pathways by which global-scale anomalies influence individual basins will be identified. This poster will focus on initial efforts in the development of a database of extreme regional snow ablation events throughout the United States over the past 50 years, a necessary first step towards the overarching study goal. In addition, preliminary results including identification of extreme ablation events coincident with flooding within the Chesapeake Basin will be discussed. 
Key words: snow ablation, stream flow, hydroclimate
Antarctic Bottom Water Temperature Changes in the Western South Atlantic from 1989-2014
G.C. Johnson1, K.E. McTaggart1, and R. Wanninkhof 2
1NOAA/ Pacific Marine Environmental Laboratory, Seattle, WA; 2NOAA/ Atlantic Oceanographic and Meteorological Laboratory, Miami, FL
Warming of abyssal waters in recent decades contributes to global heat uptake and sea level rise. Repeat oceanographic section data in the western South Atlantic taken mostly in 1989 (1995 across the Scotia Sea), 2005, and 2014 are used to quantify warming in abyssal waters that spread northward through the region from their Antarctic origins in the Weddell Sea. While much of the Scotia Sea warmed between 1995 and 2005, only the southernmost portion, on the north side of the Weddell Gyre, continued to warm between 2005 and 2014. The abyssal Argentine Basin also warmed between 1989 and 2005, but again only the southernmost portion continued to warm between 2005 and 2014, suggesting a slowdown in the inflow of the coldest, densest Antarctic Bottom Waters into the western South Atlantic between 1989 and 2014. In contrast, the abyssal waters of the Brazil Basin warmed both between 1989 and 2005 and between 2005 and 2014, at a rate of about 2 mºC yr-1. This warming is also assessed in terms of the rates of change of heights above the bottom for deep isotherms in each deep basin studied. These results, together with findings from previous studies, suggest the deep warming signal observed in the Weddell Sea after the mid-1970s Weddell Polynya was followed by abyssal warming in the Argentine Basin from the late 1970s through about 2005, then warming in the deep Vema Channel from about 1992 through at least 2010, and warming in the Brazil Basin from 1989 to 2014.
The Meridional Overturning Variability Experiment (MOVE)
M. Lankhorst M* and U. Send
Scripps Institution of Oceanography, UC San Diego, La Jolla, CA
The meridional overturning circulation (MOC) in the Atlantic Ocean is one of the major oceanic climate drivers of the globe since it is the mechanism for most of the large heat transport carried by the Atlantic Ocean. Variations in this circulation and the associated heat transport are of utmost importance but have been impossible to observe directly to date. MOVE is the first 
program which tackled this problem, starting in the year 2000, by installing and sustaining an observing system for the lower branch (deep, cold return flow) of this circulation across 16N.
The MOVE observations contribute directly to the NOAA program deliverable of "ocean heat content and transport", by making observations of the underlying large-scale circulation. In addition, MOVE observations are of indirect use to the program deliverables of "sea surface temperature and surface currents" and "ocean carbon uptake and content", because these topics are linked to the deep ocean currents as observed by MOVE. The program deliverable of "sea level" benefits from MOVE observations because they provide accurate density measurements particularly in the deep ocean below the reach of the present Argo array. The MOVE array also contributes to closing one of the gaps in the sustained ocean climate observing system which was identified by the global community at OceanObs09: techniques and programs for monitoring the circulation and mass/heat/freshwater transports of major current systems. MOVE is one of the first sustained sites which are aimed at filling this gap in the global ocean observing system. The supported activities include operation of three moorings and four bottom pressure sensors along 16N, processing and dissemination of the data, scientific analyses, and participation in the international OceanSITES effort.
Key words: Atlantic Meridional Overturning Circulation, AMOC

Jason Altimetry and rhe Sea Level Climate Data Record
E.W. Leuliette*, L. Miller, and A.M. Plagge
NOAA Laboratory for Satellite Altimetry
Considering the tremendous social implications if an accelerated rate of sea level rise were to be sustained, evaluations and interpretations of the sea level will increasingly be needed to provide information relevant and useful to decision makers, stakeholders, and the public. Because of their demonstrated stability and unique coverage, sea level observations from the Jason series of altimeters are essential to building a climate data record. While satellite radar altimetry is one of the most complex forms of remote sensing, over the last 20+ years, it has achieved levels of accuracy and stability in observations of sea level necessary to meet or exceed the requirements for a GCOS Essential Climate Variable. A key factor necessary to demonstrate the maturity of a climate data record is an observation strategy designed to reveal systematic errors through independent cross-checks, open inspection, and continuous interrogation. For satellite radar altimetry, the observation strategy includes a rigorous inter-satellite comparisons and comparison with a global network of tide gauges.

The last five years have seen continued progress in closing the sea-level budget, the accounting for the contributions of sea level change, during the late 20th and early 21st centuries. Balancing the sea-level budget is critical to understanding recent and future climate change as well as balancing Earth's energy budget and water budget. During the last decade, advancements in the ocean observing system — satellite altimeters, hydrographic profiling floats, and space-based gravity missions — have allowed the sea level budget to be assessed with unprecedented accuracy from direct, rather than inferred, estimates. In particular, several recent studies have used the sea-level budget to bound the rate of deep ocean warming.
Key words: sea level rise, altimetry, Jason

PIRATA Northeast Extension
R. Lumpkin*1, G. Foltz1, C. Schmid1, and R. Perez2
1NOAA/Atlantic Oceanographic and Meteorological Laboratory 2 Cooperative Institute for Marine and Atmospheric Studies/UM and NOAA/Atlantic Oceanographic and Meteorological Laboratory
The PIRATA Northeast Extension (PNE) project is a joint AOML and PMEL effort to expand the PIRATA array of tropical Atlantic moorings into the northern and northeastern sectors of the Tropical Atlantic Ocean. This region is of particular climate significance for rainfall patterns in the United States, central and South America, and Africa. It is also the region where Cape Verde-style hurricanes develop from African easterly waves ... and where many waves do not intensify into tropical cyclones. This poster presents an overview of the project, gives recent updates, and discusses future plans.
Key words: PIRATA, PNE

NOAA Global Sea Level Observing
A. Luscher, S. Gill, C. Zervas, and W. Sweet
NOAA Center for Operational Oceanographic Products and Services, Silver Spring, MD
NOAA NOS CO-OPS has been working in collaboration with the NOAA OAR Climate Observing Division to sustain an evolving in situ global observing system for sea level rise. Through partnership and support by COD, CO-OPS analyzes global and regional sea level rise trends. These information and products can been viewed at http://tidesandcurrents.noaa.gov/sltrends/sltrends.html. This poster provides an update on this work and highlights areas where new observing and research could be expanded in the future.
Key words: sea level rise, slr, trends

Reprocessing of Geostationary and Polar Orbiting Data and Fusing into a High Resolution Sea Surface Temperature Analysis for Climate Studies
E. Maturi1, A. Harris2, X. Zhu3, and J. Mittaz4
1NOAA Satellite and Information Services/Center for Satellite applications and Research, College Park, MD; 2University of Maryland, CICS, College Park, MD; 3Global Science Technology, Inc., College Park, MD; 4University of Reading, Department of Meteorology, Reading, UK
Efforts are being carried out at NOAA/NESDIS/STAR to reprocess the global geostationary and polar orbiting 5km SST data using the state-of-the-art NOAA operational algorithms. For geostationary data, the latest operational algorithm calculates SST by utilizing a new physical retrieval scheme based on modified total least squares (MTLS, Koner et al., 2014) and a probabilistic (Bayesian) approach for cloud masking (Merchant et al., 2005). The geostationary satellites being reprocessed include GOES (GOES-8, 9, 10, 11, 12, 13 &15) satellites from NOAA, MTSAT (MTSAT1-R and MTSAT-2) satellites from Japan Meteorological Agency (JMA), and also Meteosat (8, 9 and 10) from Eumetsat during the 10-year period. Reprocessed geostationary SST provides a near complete coverage of the tropics and mid-latitudes with at least hourly time resolution. For the polar orbiting satellites, AVHRR and METOP data are being reprocessed using the Advanced Clear-Sky Processor for Oceans (ASCPO) (Petrenko et al., 2010). The geostationary and polar data are then combined to generate the Geo-Polar blended 5-km SST daily global SST analysis in two stages. Stage 1 is being processed for years 2004-2014 and stage 2 is being reprocessed for years 1994- 2004. All level-2 and level-4 products are being validated against global drifting buoy and tropical mooring data, which is archived in NOAA in-situ SST quality, monitor (IQuam). The general procedure of the reprocessing and validation processes is described. Sample maps of reprocessed geostationary SST and blended SST, as well as calibration statistics are given. 

The direct motivation of deriving such a 20-year time series of hourly 5-km SST analyses is for updated climatology for NOAA Coral Reef Watch’s operational global coral bleaching monitoring and prediction products (Strong et al., 2004), to replace the current operational SST climatology which based on a twice-weekly 50-km AVHRR SST analysis that was developed in the 1980s. The dataset is useful for other climate and long-term studies, such as proving a unique record of the diurnal cycle of sea surface temperature over the most recent decade. 
Volume Transports of the Wyrtki Jets
M.J. McPhaden1, Y. Wang2, and M. Ravichandran3
1NOAA/ Pacific Marine Environmental Laboratory, Seattle, WA; 2Ocean University of China, Qingdao, China; 3Indian National Centre for Ocean Information Services, Hyderabad, India
The equatorial Indian Ocean is characterized by strong eastward flows in the upper 80-100 m during boreal spring and fall referred to as the Wyrtki jets. These jets are driven by westerly winds during the transition seasons between the southwest and northeast monsoons and represent a major conduit for mass and heat transfer between the eastern and western sides of the basin. Since their discovery over 40 years ago, there have been very few estimates from direct observations of the volume transports associated with these currents. In this paper we describe seasonal-to-interannual time scale variations in volume transports based on 5 years of unique measurements from an array of acoustic Doppler current profilers in the central equatorial Indian Ocean. The array was centered at 0°, 80.5°E and spanned latitudes between 2.5°N and 4°S from August 2008 to December 2013. Analysis of these data indicates that the spring jet peaks in May at 14.9±2.9 Sv and the fall jet peaks in November at 19.7±2.4 Sv, around which there are year-to-year transport variations of 5-10 Sv. The relationship of the interannual transport variations to zonal wind stress forcing, sea surface temperature, sea surface height, and surface current variations associated with the Indian Ocean Dipole (IOD) are further highlighted. We also illustrate the role of wind-forced equatorial waves in affecting transport variations of the fall Wyrtki jet during the peak season of the IOD.
Key words: Ocean circulation, Indian Ocean Dipole, Equatorial Ocean Dynamics

Deep Western Boundary Current Variability Measured by the Southwest Atlantic MOC (“SAM”) Project at 34.5°S during 2009-2014
C.S. Meinen*1, S.L. Garzoli2, R.C. Perez2, and S. Dong2
1NOAA/ Atlantic Oceanographic and Meteorological Laboratory, Miami, FL; 2Cooperative Institute for Marine and Atmospheric Studies, University of Miami and NOAA/ Atlantic Oceanographic and Meteorological Laboratory, Miami, FL
The Meridional Overturning Circulation (MOC) is one of the primary climate-drivers in the ocean, and understanding the variability of the MOC is a key near-term priority for ocean research. The NOAA-funded Southwest Atlantic MOC (“SAM”) project has been measuring the daily time variability of a key component of the MOC, the Deep Western Boundary Current (DWBC), at 34.5°S since 2009 using an array of pressure-equipped inverted echo sounders (PIES) extending approximately 600 km offshore from the South American coast. Daily variability of the meridional volume transport within the DWBC domain (defined as 800-4800 dbar, 51.5°W to 44.5°W) ranges widely, with southward transports as large as -78 Sv (1 Sv = 106 m3 s-1) and occasional reversals in flow showing northward transports as large as 44 Sv. The majority of the transport variability appears to occur at periods between 10 days and a year. The flow has significant baroclinic variability (relative to an assumed level of no motion at 800 dbar), although the transport associated with the reference layer flow is larger. Transport variations over the first five years of the array will be presented.
Key words: Meridional Overturning Circulation, MOC, Deep Western Boundary Current, DWBC, transport
Changing CO2 and pH in the Atlantic Ocean: 1989-2014
F. Millero
Rosenstiel School of Marine and Atmospheric Science (RSMAS), University of Miami
The oceans take up a significant amount of CO2 released into the atmosphere as a result of industrial activities. This results in an increase in the total CO2 (TCO2) and a decrease in the pH. The CLIVAR repeat hydrography cruises play an integral part in measuring these changes. Recent repeat occupations of 4 sections, A16, A20, A22, and A10 and an eMLR technique are used to determine the amount of anthropogenic carbon (Canthro) and anthropogenic decrease in pH (DpHanthro) over the last 15-25 years. Significant increases of up to 25 mmol/kg are found in the surface oceans with measurable Canthro reaching all the way to the bottom in the North Atlantic as a result of North Atlantic Deep water formation, and down to ~3000m in the South Atlantic as a result of Antarctic Intermediate and bottom water formation. A similar pattern is found for DpHanthro, with a maximum decrease of ~0.04 over 25 years and an acidification rate of ~0.0018 pH units per year, in agreement with predictions based on the increased CO2 concentration in the atmosphere.
Lies, Damn Lies, and Observing System Metrics
K. O’Brien1, M. Bourassa2, D.E. Harrison3, E. Burger3, and S. Hankin1
1NOAA/ Pacific Marine Environmental Laboratory, UW/ Joint Institute for the Study of the Atmosphere and Ocean; 2Florida State University; 3NOAA/ Pacific Marine Environmental Laboratory
How best to quantify the performance of the global ocean observing system? Simple platform counts are quite useful to evaluate program goals. However, counts alone cannot fully grasp the effectiveness of the observing system in capturing various phenomena. As data management practices improve and begin to provide integrated looks at delayed mode data from various sources, there is an opportunity to build upon the simple platform count metrics. Metrics based upon spatial or temporal variability, the requirements of specific phenomena, or quantifying real time data flow are all possibilities. 

In this poster, we present some ideas about additional possibilities for calculating metrics. However, for maximum value and to provide a true reflection of observing system performance, these metrics really need to be defined by the science community. To that end, the goal of this poster is to generate some discussion about what metrics could be a valuable addition to understanding how well the observing system is performing.
Key words: Observing System Metrics
Circulation and Water Mass Variability in the South Atlantic
R.C. Perez*1, R. Msadek2, S. Garzoli1, R. Matano3, and C.S. Meinen4
1 Cooperative Institute for Marine and Atmospheric Studies, University of Miami, Miami FL, NOAA/ Atlantic Oceanographic and Meteorological Laboratory, Miami FL; 2NOAA/ Geophysical Fluid Dynamics Laboratory, Princeton NJ; 3College of Earth, Ocean, and Atmospheric Sciences/Oregon State University, Corvallis OR 4NOAA/ Atlantic Oceanographic and Meteorological Laboratory, Miami, FL
The objective of this project is to improve our understanding of the natural modes of variability associated with the Atlantic Meridional Overturning Circulation (AMOC) in the South Atlantic. Specifically, we characterize the time-mean and time-varying components of sea level anomalies, water mass properties, and meridional volume transport by boundary currents in the region (e.g., Brazil Current, North Brazil Current, and Benguela Current), and ascertain whether the primary mechanisms and sources responsible for the variability of each of those fields are the same as the mechanisms that govern the AMOC variability. Our research is focused on the analysis of state-of-the-art eddy-permitting to eddy-resolving NOAA/GFDL climate simulations, ocean-only model simulations forced with CORE interannual forcing, and observations. These South Atlantic observations include 5 years of temperature, salinity and velocity inferred from the Southwest Atlantic MOC (SAM) array along 34.5°S, a decade of gridded temperature and salinity data sets (Argo, World Ocean Database), and over two decades of gridded sea level anomalies, sea surface temperature, surface currents, and winds obtained from satellite and satellite-in situ blended products.
Key words: Atlantic Meridional Overturning Circulation, South Atlantic, interannual variability

Observations for Climate: Measurements of Surface pCO2 on Ships
D. Pierrot1, L. Barbero*1, R. Wanninkhof2, R. Feely3, T. Takahashi4, G. Goni2, N. Bates5, and F. Millero6
1Cooperative Institute for Marine and Atmospheric Studies, Rosenstiel School for Marine and Atmospheric Science, University of Miami, FL; 2AOML, NOAA, Miami, FL; 3PMEL, NOAA, Seattle, WA; 4Lamont-Doherty Earth Observatory of Columbia University, Palisades, NY; 5Bermuda Institute of Ocean Sciences, Bermuda; 6Rosenstiel School for Marine and Atmospheric Science, University of Miami, FL
The “Measurements of Surface pCO2 on Ships” project aims to quantify the regional sources and sinks of carbon dioxide in the ocean to help understand and predict climate trends, and provide the best available scientific information upon which international policies are based. NOAA investigators are collaborating with academic partners in the largest coordinated effort in the world in outfitting research and commercial vessels with automated systems which measure the carbon dioxide in surface waters as well as the overlying atmosphere in order to determine the direction and magnitude of the flux of CO2 between the air-water interface. The project is a NOAA/CPO/COD funded partnership between 5 entities: AOML and its GOOS center, PMEL, LDEO, RSMAS and BIOS. It has close international interactions with similar efforts undertaken in Norway, Iceland, France, Germany, England, Australia, New Zealand and Japan. There is currently an international effort (SOCAT) to gather all available surface pCO2 data to which this project is the major contributor. The data has been used in an updated global air-sea CO2 flux climatology, regional basin fluxes, sea surface CO2 trend analyses, mapping of Ocean Acidification parameters and new techniques to quantify fluxes such as self-organizing maps/neural networks.
Key words: Ships of opportunity, sustained observations, pCO2, air-sea CO2 fluxes, climate trends, ocean acidification

The Representativeness of Argo Sea-surface Salinity: A Comparison with Satellite Observations
L. Ren*1,2 and E. Bayler1
1 NOAA Satellite and Information Services / Center for Satellite Applications and Research; 2Earth System Science Interdisciplinary Center/ Cooperative Institute for Climate & Satellites, University of Maryland
As a state parameter, ocean salinity is a key element in understanding climate-relevant processes and the state of the climate through salinity’s role in ocean circulation and the global water cycle. Remote sensing and profiling float technologies provide opportunities to observe the ocean salinity on global scales; however, temporal and spatial resolutions differ, as well as the impacts various near-surface processes on measured values. It is necessary to understand their differences, constraints, and consistency in order to appropriately use these observation sources. Comparing sea-surface salinity (SSS) observations from in-situ Argo floats with satellite remote-sensing data provides global, zonal and regional insights on the strength and weakness of the two different types of measurements. In this study, Argo float data are compared with two products from the U.S. National Aeronautics and Space Agency’s (NASA) Aquarius mission, the official Aquarius Data Processing System (ADPS) SSS and the experimental Combined Active-Passive (CAP) SSS developed by the NASA Jet Propulsion Laboratory (JPL). Regional comparisons are used to examine dominant underlying influences, in particular SSS biases/differences resulting from precipitation, sea-surface temperature (SST), and wind speed (surface roughness).
Key words: Ocean Salinity, Argo, Aquarius

A Climatology of Underwater Glider Data along CalCOFI lines 66.7, 80 and 90
D.L. Rudnick* and K. Zaba 
Scripps Institution of Oceanography, La Jolla CA
Autonomous underwater gliders offer the possibility of sustained observation of the coastal ocean. Since 2006 Spray underwater gliders have surveyed along CalCOFI lines 66.7, 80, and 90, constituting the world’s longest sustained glider network, to our knowledge. In the California Glider Network, gliders dive between the surface and 500 m, completing a cycle in 3 h and covering 3 km in that time. Sections extend 350-500 km offshore and take 2-3 weeks to occupy. Measured variables include pressure, temperature, salinity, depth-average and depth-dependent velocity, chlorophyll fluorescence, and acoustic backscatter. The California Glider Network has amassed over 24 glider-years, covering over 180,000 km with over 80,000 dives. We have created a climatology on each of the three lines, with a goal of providing convenient access to the data. The climatology is produced by objective mapping to a uniform grid as a function of time, depth, and along-section position. The climatology has been particularly effective at quantifying evolution during the north Pacific warm anomaly of 2014-2014.
Key words: underwater gliders, climatology

Argos Data Collection and Location System
S. Rogerson*
NOAA Satellite and Information Services, Office of Satellite and Product Operations (OSPO), Satellite Products and Services Division (SPSD), Direct Services Branch (DSB), Suitland, MD
The Argos Data Collection & location System (DCS) is administered under a joint agreement between the National Oceanic and Atmospheric Administration (NOAA) and the French Space Agency, Centre National d’Etudes Spatiales (CNES). Additional partners include the European Organization for the Exploitation of Meteorological Satellites (EUMETSAT) and the Indian Space Research Organization (ISRO). There are currently over 21,000 active Argos Platforms being tracked by 2,000 users in more than 100 countries. An overview of the Argos system and diversity of user applications will be provided – with a focus on recent and planned improvements to the overall system.
Key words: Argos, Satellite-Tracking, Data Collection

CORC: Integrated Boundary Current Observations in the Global Climate System
U. Send *, D. Rudnick, R. Davis, D. Roemmich, and B. Cornuelle
Scripps Institution of Oceanography, La Jolla, CA
Integrated observing techniques are being developed and implemented for western and eastern boundary currents (WBCs and EBCs). The development and demonstration site for EBCs is the southern California Current, where a mix of gliders, moorings, PIES (inverted echosounders with bottom pressure), XBTs, and data assimilation is used. For WBCs the focus to date has been on low-latitude regimes, with implementation in the Solomon Sea, mainly using gliders, and more recently supplemented with modest end-point instrumentation. The overall effort is complemented by studies about merging the ocean interior observations (ARGO) with high-resolution boundary current sections. 

The CORC project addresses several of the COD strategic goals. CORC is already sustaining some of the observing elements, in particular glider sections, while continually evolving the system. Efficiencies have been gained by sharing ship time, reducing glider operational costs, extending deployment periods for fixed instruments while implementing data telemetry techniques. Products have been and continue to be developed based on the CORC boundary current observations. Partnerships with other projects, programs, and countries are crucial for the CORC success, currently in the California Current and the Solomon Sea. Discussions are under way to also exploit strong partnering and leveraging for extending the CORC work into a mid-latitude WBC, the East Australia Current.
Key words: boundary currents

The Shipboard Automated Meteorological and Oceanographic System (SAMOS) Initiative
S.R. Smith*, J.J. Rolph, K. Briggs, J. Elya, and M.A. Bourassa 
Center for Ocean-Atmospheric Prediction Studies, The Florida State University, Tallahassee, FL
The authors will describe the accomplishments of this decade-long project to acquire, quality control, and distribute underway surface meteorological and oceanographic observations from over 30 oceanographic research vessels. Research vessels provide underway observations at high-temporal frequency (1 min. sampling interval) that include navigational (position, course, heading, and speed), meteorological (air temperature, humidity, wind, surface pressure, radiation, rainfall), and oceanographic (surface sea temperature and salinity) samples. Vessels recruited to the SAMOS initiative collect a high concentration of data within the U.S. continental shelf, around Hawaii and the islands of the tropical Pacific, and frequently operate well outside routine shipping lanes, capturing observations in extreme ocean environments (Southern, Arctic, South Atlantic, and South Pacific oceans).

The presentation will include information on the SAMOS data center’s activities to improve the quality of observations from research vessels. These include routine automated and visual data quality evaluation, feedback to vessel technicians and operators regarding instrumentation errors, best practices for instrument siting and exposure on research vessels, and professional development activities for research vessel technicians.

The unique quality and sampling locations of research vessel observations and their independence from many models and products makes them ideal for validation studies and the development of satellite retrieval algorithms. Several examples will be provided. We will also provide an overview of bulk turbulent flux estimates presently under development using data along individual research vessel cruise tracks. This product takes advantage of the data quality flags applied by the SAMOS data center. The bulk flux models that have been applied to the observations and preliminary comparisons of the output fluxes will be presented, including spatial and temporal coverage for the derived parameters. 

Finally, we will outline data access and archival protocols for SAMOS observations and discuss some future plans to enhance web-based data accessibility.
Key words: Marine Meteorology, In Situ Observation, Air-Sea Exchange

The New Normal: Chronic Nuisance Tidal Flooding in Annapolis, MD
W.V. Sweet*
NOAA National Ocean Service, Center for Operational Oceanographic Products and Services, Silver Spring, MD

Relative sea level rise (RSLR) has driven large increases in annual exceedances over the last half-century above minor (nuisance level) coastal flooding elevation thresholds established locally by the National Weather Service at NOAA tide gauges around the U.S. (Sweet et al., 2014). Rates of annual exceedances for thresholds below ~0.6 m above high tide are accelerating along the U.S. East and Gulf Coasts, primarily from evolution of tidal water level distributions to higher elevations impinging on the flood threshold. We focus on the city of Annapolis, MD to give an in-depth look at its historical and future changes in high-tide flooding above its ~0.3-m nuisance flood level. Comparing 5-year averages, Annapolis has seen a factor of 10 increase in nuisance level flooding over the last half century.  We make projections of annual exceedances estimated by shifting probability estimates of daily maximum water levels over a contemporary 5-year period using probabilistic RSLR projections of the Kopp et al. (2014) for representative concentration pathways (RCP) 2.6, 4.5, and 8.5 of the IPCC (2013),  A 30 day/year tipping point for coastal nuisance-level inundation has already been surpassed at Annapolis, MD and is projected to be surpassed by mid-century around the country regardless of specific RCP at the majority of locations analyzed (Sweet and Park, 2014). 
 Key words: sea level rise, recurrent tidal flooding

The CLIVAR and Carbon Hydrographic Data Office
J.H. Swift*, S. Diggs, C. Berys-Gonzalez, J. Kappa, A. Barna, G. Ratnam, M. Hu, S. Anderson, R. Lee, and S. Escher 
Ship Operations and Marine Technical Support, UCSD Scripps Institution of Oceanography, La Jolla, CA
The CLIVAR and Carbon Hydrographic Data Office (CCHDO) at the Scripps Institution of Oceanography is the official data center for the CLIVAR/CO2 Repeat Hydrography Program and international GO-SHIP. The CCHDO's data assembly and management mission is to link science users to data originators by providing easily discoverable, up-to-date, web-accessible data.

At the CCHDO, international CTD, hydrographic, ocean carbon, and tracer data used in ocean circulation and climate studies are brought together, verified, corrected for content and format errors, assembled with relevant documentation, and carefully prepared for public dissemination and long-term archive.

New public data are made available immediately in as-received condition, and then edited as needed to match content and format specifications. Ocean carbon data are quality controlled by the Carbon Dioxide Information Analysis Center (CDIAC) at Oak Ridge National Laboratory, and merged into the bottle data files at the CCHDO. The CCHDO also provides fast-release CTD data for the Argo reference CTD data set by obtaining data, by reformatting them to a common readability standard, and by providing an estimate of the suitability of the data for use in the reference data collection.

All data are available in multiple community formats. The CCHDO also provides its public holdings, including documentation, to NODC/WDC-A for archive and further distribution. The CCHDO's comprehensive data management strategy provides reliable access to data for scientific users worldwide.
Key words: data management, reference data, GO-SHIP

Assessing Regional Deep-Ocean Warming from Satellite and In Situ Data
D. L Volkov* and S. K. Lee
Cooperative Institute for Marine and Atmospheric Studies - University of Miami, Miami FL / NOAA/Atlantic Oceanographic and Meteorological Laboratory 
The observed Earth’s net energy imbalance requires that all extra heat is stored in the climate system, mostly in the World Ocean, which is the dominant reservoir of heat uptake. Sea level, as a natural indicator of the full-depth ocean heat content, has been accurately measured by satellite altimetry since 1992. Measurements of ocean mass variations provided by the GRACE twin satellites since 2002 can be subtracted from altimetric sea surface height to derive steric changes (due to temperature and salinity) of sea level. The advent of Argo profiling floats has made available global observations of temperature for depths above 2000 m since 2003. Recent analysis of globally averaged quantities over the 2005-2013 time interval has shown no significant deep-ocean warming below 2000 m depth. In the present work, we combine satellite and situ data to address the regional redistribution of heat content and investigate whether and how local processes lead to accumulation of heat at deeper layers.
Key words: Deep-ocean warming
Variability and Trends in Surface Meteorology and Air-Sea Fluxes at the Stratus Ocean Reference Station
R.A. Weller
Physical Oceanography, Woods Hole Oceanographic Institution, Woods Hole, MA
Time series of surface meteorology and air-sea exchanges of heat, freshwater, and momentum from a long-term surface mooring located 1,600 km west of the coast of northern Chile collected are analyzed. The observations, spanning 2000 to 2010, have been withheld from assimilation into numerical weather prediction models. As such, they provide a unique in-situ record of atmosphere-ocean coupling in a trade wind region characterized by persistent stratocumulus clouds. The annual cycle is described, as is the interannual variability. Annual variability in the air-sea heat flux is dominated by the annual cycle in net shortwave radiation. In the Austral summer the ocean is heated; the nine-year mean annual heating of the ocean is 38 W m-2. Ocean cooling is seen in 2006-2008, coincident with La Niña events. Over the full record, significant trends were found. Increases in wind speed, wind stress, and latent heat flux over nine years were 0.8 m s-1, 0.022 N m-2, and 20 W m-2 or 13, 29, and 20% of the respective nine-year means. The decrease in the annual mean net heat flux was 39 W m-2 or 104% of the mean. These changes were found to be largely associated with the spring and fall. If this change persists, the annual mean net air-sea heat flux will change sign by 2016 when the magnitude of the wind stress will have increased by close to 60%.
Key words: air-sea flux, trend, South Pacific

Impacts of NCEP R2 and CFSR Surface Fluxes on Ocean Simulations from the ENSO Perspective
C. Wen*1, Y. Xue1, A. Kumar1, and D. Behringer2
1Climate Prediction Center, National Centers for Environmental Prediction, NOAA, College Park, Maryland; 2Environmental Modeling Center, NOAA, College Park, Maryland
Ocean reanalysis products are important sources for monitoring ENSO. Ocean reanalysis are usually forced by surface fluxes from numerical weather prediction models. Little attention is paid to the impact of surface forcings on determining biases in ocean models that can effect assimilation of ocean observations. In this study, the impact of surface fluxes on model performance is assessed by comparing simulations of GFDL MOM4 driven by NCEP-DOE Reanalysis II (R2) and CFSR surface fluxes. The biases in the MOM4 forced simulations were calculated with respect to observed or reanalyzed data. We focus on differences in upper ocean variables associated with ENSO, including surface zonal current, mixed layer depth, D20, meridional mass transport etc. The relative influence of momentum fluxes, net heat fluxes and fresh water fluxes on model biases are examined.
Real-time Ocean Reanalyses Intercomparison for Quantifying Uncertainties in Ocean Reanalyses and Monitoring Climate Variability
Y. Xue *1, M. Balmaseda 2, Y. Fujii3, G. Vecchi4, G. Vernieres5, O. Alves6, M. Martin7, f. Hernandez8, C. Wen9, A. Kumar1, T. Lee10, and D. Legler8
1 NOAA/ National Centers for Environmental Prediction; 2 European Centre for Medium-Range Weather Forecasts; 3JMA, Japan,4NOAA/ Geophysical Fluid Dynamics Laboratory; NASA/Goddard Space Flight Center; 6 Bureau of Meteorology, Australia,7 NASA/Jet Propulsion Laboratory; 8NOAA/Climate Program Office; 9UK Meteorology Office, 10MERCATOR

To quantify uncertainties in the current generation of ocean reanalysis products, CLIVAR Global Synthesis and Observations Panel (GSOP) and the GODAE Ocean View (GOV) jointly initiated Ocean Reanalysis (ORA) Intercomparison Project. The intercomparison includes both ocean reanalyses for seasonal forecast systems and ocean reanalyses derived from short-range ocean forecasting systems. For those ocean reanalyses produced by operational centers for initialization of climate models or short-range ocean models, there is an opportunity to conduct ORA intercomparison in near real-time, and to use the ensemble approach to quantify the signal (ensemble mean) and noise (ensemble spread) in our estimation of ocean climate variability. An ensemble of eight operational ORAs has been collected and used to monitor consistency and discrepancy in temperature analysis of the tropical Pacific in support of ENSO monitoring and prediction. We have also explored the connections between gaps in ocean observations and spread among ensemble ORAs, and the preliminary results will be presented.
Key words: Ocean Reanalyses, ENSO monitoring

Toward a Globally Balanced Heat and Freshwater Flux Climatology
L. Yu*
Department of Physical Oceanography, Woods Hole Oceanographic Institution, Woods Hole, MA
The net surface heat flux into the ocean is the sum of the shortwave radiation, the longwave radiation, and the turbulent latent and sensible heat fluxes. Computation of the global climatology of the four flux components has been based on the bulk flux parameterizations using input data sets that are either observed or modeled. Despite the many efforts that have been made to improving the flux computation and observations, one fundamental issue remains: the existing flux products are not balanced globally with a residual uncertainty ranging from 2 to 20 Wm-2. The uncertainty is far larger than the required accuracy of 0.1Wm-2 that is needed to address the change and stability of the climate system. The uncertainty also affects the global balance of the ocean freshwater budget, since the water and energy cycles are intricately linked. The Objectively Analyzed air-sea Fluxes (OAFlux) project at WHOI has recently developed high-resolution air-sea heat, moisture, and momentum flux datasets for the period from 1987 to the present. Efforts are now geared toward developing an integrated understanding and approach to the processes and variables that influence the global budgets. In particular, we seek to determine what causes the imbalance, whether solar radiation is excessive or the cooling from turbulent heat exchange is insufficient, and how the heating in the tropical ocean and cooling at higher latitudes are distributed. In this study, we will present our recent findings with particular focus on the regional heat budgets in the tropical warm pools and the southern ocean.
Key words: air-sea fluxes

Development of Regional Sea Level Indices for the United States
C.D. Zervas*1, E. Leuliette2, S. Gill1, and L. Miller2
1 NOAA/National Ocean Service/Center for Operational Oceanographic Products and Services; NOAA Satellite and Information Services/ Center for Satellite Applications and Research
Water level stations record the motion of the sea surface relative to land. If the land is undergoing vertical land motion (VLM), that motion is also included in the relative sea level record. In most regions VLM is steady in time, but can be highly variable in location. Nearby stations can have different relative sea level trends, even though the absolute sea level trend and the interdecadal and interannual variations are similar for long distances along a coastline. 
Regional sea level indices for coastal regions of the U.S. have been developed by NOAA’s Center for Operational Oceanographic Products and Services (CO-OPS) to represent a region’s absolute sea level trend and variability without the locally-variable VLM. The U.S. coast has been divided into twelve regions in which the interdecadal and interannual variations are highly correlated between stations. An annual average sea surface height has also been derived for each of the regions from satellite altimetry data by NOAA’s Laboratory for Satellite Altimetry. The averaged altimetry data for the offshore regions are compared with the regional indices derived from coastal water level stations.
The National Climate Assessment (NCA) has proposed four global sea level rise scenarios for the 21st century. The lowest scenario is a continuation of the assumed 20th century trend of 1.7 mm/yr. The other three scenarios reach specified 2100 levels via quadratic curves, implying a constant acceleration of the global trend. Comparison of the regional indices with the NCA global sea level rise scenarios will indicate whether a region is beginning to follow a particular scenario. This information should prove to be vitally important for coastal planners over the next several decades. CO-OPS is planning to create an annually-updated web-based product to track the regional indices versus the NCA sea level rise scenarios.
Key words: Sea level rise, Satellite altimetry

Assessing the Heat Fluxes in Two New Generation Atmospheric Reanalyses with a Decade of Buoy Measurements at the Kuroshio Extension Observatory (KEO)
D. Zhang*1, M. Cronin2, C. Wen3, Y. Xue3, A. Kumar3, and D. Mcclurg1
1 Joint Institute for the Study of the Atmosphere and Ocean /U. of Washington and NOAA/ Pacific Marine Environmental Laboratory (PMEL); 2 NOAA/PMEL; 3 NOAA/ National Centers for Environmental Prediction/ Climate Prediction Center
The ocean and atmosphere interact through air-sea fluxes. These fluxes are the most direct ocean climate indicators of how the ocean influences climate and weather, and their extremes, and how the atmosphere forces ocean variability. Air-sea fluxes from Numerical Weather Prediction (NWP) models, however, have large biases and uncertainties (Kubota et al. 2008, Tomita et al. 2010). These errors must be identified and reduced in order to make progress with improved weather forecasts and climate projection. 

NOAA Ocean Climate Station (OCS) buoys measure upper ocean properties and state variables from which air-sea fluxes can be computed. These high-quality flux time series are now being made publicly available at: http://www.pmel.noaa.gov/ocs/fluxdisdel
Fluxes from the Kuroshio Extension Observatory (KEO) at 32.3°N, 144.6°E provide a very challenging test for NWP due to the large range of meteorological and oceanic conditions experienced there. In this analysis, air-sea flux assessment at KEO is performed on two new NWP reanalyses, the NCEP’s Climate Forecast System Reanalysis (CFSR) and ECMWF Reanalysis-Interim (ERA-I). Our assessments suggest that the two new generation reanalyses significantly improved the representation of surface fluxes when compared to NCEP Reanalysis 1 (NRA1) and 2 (NRA2). Although the annual mean biases of total surface heat flux have significantly reduced, the mean biases in winter remain substantial with both the new reanalyses losing too much heat from the ocean. The RMS error of total surface heat flux in CFSR and ERA-I remain large too. The main cause of the biases in total heat flux are due to the latent heat flux, while RMS errors are mainly due to latent heat flux and short wave radiation errors in the reanalyses. Overestimates of extreme heat release from winter storms is attributed to the large biases in the climatology mean of total heat fluxes in the two new reanalyses.
Key words: NOAA Ocean Climate Station; air-sea fluxes; atmospheric reanalysis; climatology; storms

Estimating the Velocity and Transport of the East Australian Current using Argo, XBT, and Altimetry
N. Zilberman*, D. Roemmich, and S. Gille
Scripps Institution of Oceanography, University of California San Diego
Western Boundary Currents (WBCs) play an essential role in the meridional distribution of heat, mass, and freshwater of the global ocean and constitute the primary pathway for basin-scale heat exchange between the tropics and the mid-latitudes. Because of the narrowness and strong mesoscale variability of WBCs, estimation of WBC velocity and transport places heavy demands on any potential sampling scheme. One strategy for studying WBCs is to combine multiple complementary data sources. High-resolution bathythermograph (HRX) profiles to 800-m have been collected along transects crossing the East Australian Current (EAC) system at 3-month nominal sampling intervals since 1991. EAC transects, with spatial sampling as fine as 10-15 km, are obtained off Brisbane (27°S) and Sydney (34°S), and crossing the related East Auckland Current north of Auckland. Here HRX profiles collected since 2004 off Brisbane are merged with Argo float profiles and 1000 m trajectory-based velocities to expand HRX shear estimates to 2000-m and to estimate absolute geostrophic velocity and transport. A method for combining altimetric data with HRX and Argo profiles to mitigate temporal aliasing by the HRX transects and to reduce sampling errors in the HRX/Argo datasets is described. The HRX/Argo/altimetry-based estimate of the time-mean poleward alongshore transport of the EAC off Brisbane is 18.3 Sv, with a width of about 180 km, and of which 3.7 Sv recirculates equatorward on a similar spatial scale farther offshore. Geostrophic transport anomalies in the EAC at 27°S show variability of ± 1.3 Sv at interannual times scales related to ENSO. The present calculation is a case study that will be extended to other subtropical WBCs.
Key words: Western Boundary Currents, XBT, Argo, East Australian Current, volume transport
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