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Meridional Overturning Circulation observations

Contributors: Chris Meinen, Molly Baringer, Silvia Garzoli, Gustavo Goni, Shenfu Dong, and Renellys Perez

PhOD leads two projects that are specifically designed to collect crucial in situ ocean observations on the Meridional Overturning Circulation (MOC) in the Atlantic: 

· Measurement of the western boundary components of the MOC at 26.5(N – this is the Western Boundary Time Series (“WBTS”) program that has been collecting data (under a variety of names) since 1982.  

· Measurement of the western boundary components of the MOC at 34.5(S – this is the South Atlantic MOC (“SAM”) program that began in 2009.  

These programs collect data on both the warm upper limb of the MOC and the cold deep limb of the MOC.  The nearly-continuous 29-year record of Florida Current/Gulf Stream volume transport collected as part of the WBTS program has been widely used by stakeholders for numerical model validation (users at GFDL, NCEP, NRL and many international institutions), for sea level rise studies (NOS), and at a wide range of national and international universities for climate and ocean studies.  The Deep Western Boundary Current observations collected via hydrographic sections and moored instruments have been used and will continue to be used to provide critical information on the time scale associated with the mean MOC and the time scales of variability of the system.  The WBTS program also provided the cornerstone on which an international collaborative team has built the first trans-basin MOC monitoring array at 26.5(N, and a similar trans-basin array has been proposed for the South Atlantic at 34.5(S to be built upon the cornerstone provided by the SAM program.  

All of these in situ MOC observations will provide critical information on MOC variability, which will lead to the improved climate modeling and predictions needed for policy makers and the general public in areas such as sea-level rise and agricultural planning.  
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Figure. Time series of Florida Current/Gulf Stream volume transport collected by a variety of programs (mainly the WBTS project) – this data is used for validation purposes for many numerical climate and ocean models as well as for other research purposes.  Figure from Meinen  et al. (2010).

Atlantic Meridional Overturning Circulation and Meridional Heat Transport

Contributors: Shenfu Dong, Molly Baringer, Silvia Garzoli, Chris Meinen, and Gustavo Goni
The Atlantic Meridional Overturning Circulation (AMOC) is characterized by a northward flow of warm water in the upper layers from the tropics and the South Atlantic into the North Atlantic, and a southward return flow of cold water at depth. This large-scale ocean circulation is the main route for the global ocean heat conveyor belt circulation in the Atlantic, and it is an important benchmark for Earth’s climate. The AMOC regulates and maintains the meridional temperature distribution in the Atlantic. Variations in the AMOC and its associated meridional heat transport (MHT) are coupled to atmospheric heat transport variations through the mechanism of Bjerknes compensation. As a result, changes in AMOC can have a direct and pronounced impact on variety of climate phenomena, such as African and Indian monsoon rainfall, hurricane activity, climate over the North America and Western Europe. Thus, understanding and monitoring the AMOC variability are crucial for improving our knowledge of the mechanism of climate system and for assessing future climate change. 

Trans-basin XBT transects have been used to estimate the MOC and MHT in both the North and South Atlantic and revealed valuable information of the MOC/MHT variations. Studies using XBTs deployed along a zonal transect at nominally 35(S in the South Atlantic since 2002 have shown that the geostrophic component of the circulation dominates the net MHT and that, at the seasonal time scale, the geostrophic and Ekman components of the circulation are out of phase. Further analysis of these data has shown that the variability of the MOC is similarly very weak on seasonal time scales. Separation of transport into western and eastern boundaries and interior indicates that it is critical to monitor all three regions in order to quantify changes in the MOC and MHT. Those results have been used to evaluate model performance in simulating MOC processes.

Stakeholders for this project include scientists, environmentalists, and the general public. 
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Meridional Heat Transport

Contributor: Molly Baringer

The Atlantic Ocean Heat Transport is estimated and monitored to diagnose and understand ocean circulation variability, identify changes in the Meridional overturning circulation and to monitor for indications of possible abrupt climate change. This heat transport is directly related to the role that this basin plays in the meridional overturning circulation (MOC) and is an important benchmark for integrated air-sea fluxes and numerical model performance. Models indicate that the variability on the MOC has important consequences for the global climate.

Stakeholders for this project include:

· Anyone interested in understanding the earths energy budget, which helps us understand and predict climate change, sea-level rise and ecosystem related impacts.  For example, ocean heat transport increases would increase ocean temperatures in the North Atlantic.  This in turn could feedback into melting ice, raising sea-level and impacting fisheries and ecosystems.

· Major output of this program includes peer reviewed publications which are used by the national and international scientific community to improve our understanding of the climate system.

Into the future:

This program seeks to continually improve the estimate of heat transport by improving the methodology used, merging several diverse data types together.  Continued estimations more importantly increasingly define the uncertainity of any single heat transport estimate or method.  Future efforts will be focused on heat transport estimates merging more Argo and altimetry data and further comparison to numerical models.

Western Boundary Time Series

Contributor: Molly Baringer
The goals of this project are:

1. Monitoring of the DWBC for water-mass and transport signatures related to changes in the strengths and regions of high latitude water mass formation in the North Atlantic.

2. Providing the western boundary endpoint of a subtropical Meridional Overturning Circulation and heat transport monitoring array designed to measure the thermohaline overturning circulation at 26.5 N and the time varying meridional heat transport.

3. Monitoring the intensity of the Florida Current and the Antilles current as an index of interannual variability in the strength of the subtropical gyre.

The stakeholders for this project include the international scientific community, of which some small indicator of its impact includes the more than 25 research scientists from more than 16 different institutions and 6 countries that have subscribed to the real-time email update distribution list.  This is only a small subset of the research community that uses this data that has been endorsed by many national and international science panels including US CLIVAR, International CLIVAR, OceanSites, OceanObs09 etc.  While direct assimilation of transport information into operational models is not routinely possible, modeling and analysis products regularly make use of these data as benchmarks for model fidelity.  Due to the longstanding nature of this program, a large international program was started in 2004 in collaboration with the U.S. National Science Foundation, the U.K. Rapid Watch Program and Germany to measure the remaining components of the MOC circulation not included in NOAA’s long-standing program.

Examples:

1. Energy consultants have used Florida Current data to estimate the design requirements and feasibility of marine turbines for energy production.

2. The strength of the Florida Current has been used to explain the high sea-level and coastal flooding along the eastern US.
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Figure.  Time series of maximum CFC-11 concentration (pmol/kg) at Abaco in the DWBC.

African dust and tropical Atlantic climate

Contributor: Gregory Foltz
Throughout the year, large quantities of dust are lifted into the atmosphere over western Africa and transported westward over the tropical North Atlantic Ocean. The dust reflects and scatters incoming solar radiation, tending to cool the underlying ocean. Satellite measurements and coral-based proxies of dust optical thickness, together with satellite-based sea surface temperature, have shown that changes in dustiness from year to year and from decade to decade affect tropical cyclone development and the surface temperature of the tropical North Atlantic Ocean. The temperature of the ocean in turn has a strong influence on atmospheric circulation and tropical cyclone development in the Atlantic, as well as rainfall variability in the Amazon and western equatorial Africa. Understanding the impact of African dust on tropical Atlantic climate, and the feedback from the tropical Atlantic to African dust generation and mobilization, is therefore crucial for determining the response of the tropical Atlantic to natural variability and anthropogenic climate change.

In order to make further progress toward understanding the role of African dust in tropical Atlantic climate, continued measurements from satellites are needed. Continued long-term subsurface measurements from the Prediction and Research Moored Array in the Tropical Atlantic (PIRATA) will also be crucial for assessing the ocean’s response to changes in dustiness. Direct observations of atmospheric dust concentration on seasonal to decadal timescales in the central and eastern tropical North Atlantic are currently not available, and there is no observational program planned. Such a program is needed in order to verify coral- and satellite-based estimates of dust in this region and to advance knowledge of dust-ocean interaction. 

The stakeholders for this project include hurricane prediction, the economies of the southeastern U. S. states (African dust affects tropical cyclone development in the Atlantic), the economies of Brazil and western Africa (dust affects tropical North Atlantic SSTs, which affect rainfall in Brazil and western Africa), and climate researchers. 
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Figure.  Time series of dust optical depth, footprint of dust on tropical Atlantic sea surface temperature (SST), and the spatial pattern of the Atlantic Meridional Mode (AMM), the dominant mode of tropical Atlantic variability. Plotted is the annual time series of dust optical depth (DAOD) averaged in the tropical North Atlantic (top). In the map are contours of the spatial pattern of the AMM (contours). Shading denotes composite differences of SST for high-dust years and demonstrates the similarity between the AMM spatial pattern and the SST pattern forced by changes in dust optical depth.

Upper ocean currents and climate variability in the tropical Atlantic 

Contributors: Verena Hormann, Rick Lumpkin, and Gregory R. Foltz, Marlos, Gustavo
Climate fluctuations in the tropical Atlantic are dominated by two distinct patterns of coupled ocean-atmosphere variability. These tropical Atlantic variability (TAV) modes vary on interannual to decadal time scales. During boreal spring conditions are favorable for the development of an interhemispheric gradient of sea surface temperature (SST) anomalies, often called the meridional mode, while the zonal mode is most pronounced during boreal summer. The most notable climate impacts of these modes in the tropical Atlantic are the variability of rainfall over northeast Brazil, the southeastern United States and the coastal regions surrounding the Gulf of Guinea, as well as fluctuations in rainfall and dustiness in sub-Saharan Africa (Sahel).

Equatorial Atlantic upper ocean currents have been found to show a pronounced variability associated with the zonal mode and there are also indications of a connection between interannual North Equatorial Countercurrent (NECC) variations and both the meridional and zonal mode. As interannual to decadal SST variability is closely linked with wind and rainfall variations over wide areas of the tropical Atlantic, a better understanding of how interannual current variations interact with the two dominant modes of TAV might be crucial for a potential predictability of rainfall fluctuations.
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The stakeholders for this project include countries surrounding the tropical Atlantic, climate, oceanographic and meteorological researchers.
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The South Florida Program

Contributors:  Michelle Wood, Libby Johns, Ryan Smith, and Chris Kelble

AOML's South Florida Program (SFP) has conducted regular interdisciplinary research cruises to south Florida coastal waters, including the Florida Keys, Florida Bay, Biscayne Bay, and the southwest Florida shelf, since the mid-1990's.  Sustained measurements supported by the AOML SFP include synoptic interdisciplinary bay-wide and regional shipboard surveys, a moored oceanographic instrument array, and Lagrangian surface drifter deployments.  The SFP, and its associated field operations (e.g. temperature, salinity, chlorophyll, nutrients, and turbidity measurements), have enabled scientists and resource managers to observe and monitor the sensitive marine habitats found in the region and have served as a sentinel during periods when the ecosystem has been subjected to extreme events such as hurricanes, harmful algal blooms (HAB), and more recently, potential oil spill contaminants. Additionally, the AOML SFP has produced a comprehensive, long-term baseline regarding regional circulation, salinity, water quality, and biology for the ecosystem. These data are the only regular, synoptic measurements of these inter- related parameters throughout the southwest Florida shelf, Biscayne and Florida Bays, and the Florida Keys reef tract. The AOML SFP integrates data from environmentally and economically important areas, including three national parks (Biscayne, Everglades, and the Dry Tortugas) as well as the Florida Keys National Marine Sanctuary (FKNMS). Economic activity associated with the FKNMS alone was worth $6 billion and 71,000 jobs in 2001. 

The stakeholders for the SFP include the resource managers of the FKNMS and the NPS, the commercial and recreational fishing and diving communities who depend upon water quality, and other researchers including observationalists and numerical modelers.
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Figure.  Present configuration of the SFP observational program.

South Florida water management

Contributor:  Dave Enfield

In order to anticipate how much rainfall FL will get in a season, the South Florida Water Management District (SFWMD), the largest and most important water management district in the State of Florida, uses indexes such as Atlantic Multidecadal Oscillation (AMO), Atlantic Warm Pool (AWP), and ENSO as part of their water planning strategies. During decadal intervals when the North Atlantic Ocean is warm, the rainfall in Florida is usually higher.  Accordingly, water in Lake Okeechobee (figure below, south Florida’s water supply reservoir) is expected to become more plentiful, and thus flood control measures are planned for. On the other hand, when the North Atlantic Ocean is cool, more persistent and/or frequent droughts are expected. Therefore, more water is shunted to aquifer storage, water access leases shortened, reservoir withdrawals reduced, conservation measures implemented and agricultural practices modified. In addition, the SFWMD is becoming increasingly aware of the year-to-year variability of these indexes and their relation to the Western Hemisphere warm pool (WHWP). 

The stakeholders for this project include the SFWMD, sugar cane growers, environmentalists, fishermen, municipal water utilities, Everglades National Park.
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Figure. (a) AMO index: the ten-year running mean of detrended Atlantic SSTA north of the equator. (b) Correlation of the AMO index with gridded SSTA over the world ocean (all seasons). The thick contour is zero and thin contours denote the 95% significance level. (c) Correlation of the AMO index with climate division rainfall with the Mississippi basin highlighted by light gray shading. The larger highlighted circles indicate correlations above the 90% significance level. Inset diagram to the right is a blow-up of Florida showing Lake Okeechobee and Florida climate division 4. The color bar applies to correlations in both panels.

Extreme Weather Events

Contributor:  Dave Enfield

The Atlantic Warm Pool (AWP) governs the summer climate, which impacts extreme events such as spring runoff (floods), tornadoes, and hurricanes (figure below). When the AWP is large in the spring, data and models demonstrate that the ensuing summer hurricane environment favors the development of hurricanes and hurricane activity increases. The opposite is true when the AWP is small. The benefit of ocean observations translates into a better monitoring of the AWP and, in turn, into improved outlooks for the summer hurricane season.  Unfortunately, the ocean circulation and the upper ocean temperature associated with AWP are currently not being sampled by any sustained ocean observations in the Caribbean Sea and Gulf of Mexico.  This is making research progress on the AWP more difficult, including the improvement of models. What is needed is to extend the present monitoring of the open Atlantic into the Intra-Americas Sea. In this respect, NOAA observations are falling short of stakeholder needs.  

The stakeholders for this project include emergency managers, county planners, insurance companies, water management districts. Indirect stakeholders: the general public. 
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Figure. SST composites of (a) large Atlantic warm pools and (b) small Atlantic warm pools during June to November. Atlantic major hurricane tracks for (c) 14 years of large Atlantic warm pools and (d) 15 years of small Atlantic warm pools.

Climate and weather processes in the eastern tropical North Atlantic

Contributor:  Rick Lumpkin

The eastern tropical North Atlantic is a region of strong climate variations from intraseasonal to decadal scales, with affects upon rainfall rates and storm impacts for the surrounding regions of Africa and the Americas.   This region is the Main Development Region of Cape-Verde type hurricanes, and experiences the seasonal migration of the Intertropical Convergence Zone (ITCZ) and the Guinea Dome, interannual variations of the ITCZ migration associated with rainfall anomalies in Africa and the Americas, off-equatorial eddy heat advection by Tropical Instability Waves, and overturning circulation-related ventilation of the oxygen minimum zone.  

Coupled models of the Tropical Atlantic suffer from a strong warm bias in eastern equatorial SST, which resembles a permanent Atlantic Niño that disrupting the simulated climate in the northeastern tropical region.  Thus, observations here are critical to improve these models, which could in principle predict SST anomalies which could in turn yield seasonal forecasts of hurricane formation.  

As a consequence, in 2006 NOAA expanded the Prediction and Research Moored Array (PIRATA) into the region with the PIRATA Northeast Extension (PNE).  PNE consists of four moorings, two now outfitted to estimate net ocean/atmosphere heat exchange.  

The stakeholders for this project include the southeastern US states, Mexico, countries of central and northeastern South America and western Africa (all affected by rainfall anomalies driven by SST anomalies in this region);  Climate researchers and modelers; weather services.
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Figure.  The PIRATA array of moorings (the backbone of the ocean observing system in the tropical Atlantic Ocean).  Red squares: PIRATA backbone.  Blue stars: NOAA’s Northeast Extension.  Green circles: Brazilian Southwest Extension.  Yellow triangle: Southeast Extension pilot site.  Green circles: island-based meteorological sites.  Black circles indicate full-flux moorings. 

Intra-Americas Sea Biophysical Connectivity

Contributors:  Ryan Smith, Libby Johns, Nelson Melo, John Lamkin, Trika Gerard, Barbara Muhling

Over the past 10 years, the AOML Physical Oceanography Division (PhOD) and the National Marine Fisheries Service (NMFS) have worked in collaboration to study regional biophysical linkages at several locations within the Caribbean Sea and Gulf of Mexico (Intra-Americas Sea).  These collaborative field programs typically include interdisciplinary sampling techniques conducted during shipboard surveys of project study areas.  Biological sampling, utilizing both profiling and surface nets, is performed simultaneously with standard physical sampling methods such as CTD/LADCP (Conductivity-Temperature-Depth/Lowered Acoustic Doppler Current Profiler) casts and hull-mounted water velocity measurements. This approach provides greater insight to scientific and management questions regarding larval recruitment pathways than biological sampling alone.  Deployments of moored instrumentation and Lagrangian surface drifters have also been utilized to augment the physical data sets associated with these endeavors.

These observations are designed to help scientists and resource managers gain a better understanding of how managed and non-managed areas of the US Caribbean and surrounding region (British Virgin Islands and Leeward Islands) are linked via the highly variable flow across this region, and to determine what economically important larval reef fish dispersal and recruitment pathways exist as a result. An improved understanding of region-wide coral reef ecosystem connectivity is required for the development of effective long-term adaptive fisheries management strategies in the US Caribbean. 

The stakeholders for this project include the Caribbean Fishery Management Council, the Government of the Virgin Islands of the United States, the Department of Planning and Natural Resources, Division of Fish and Wildlife, NOAA's Coral Reef Conservation Program, the Coral Reef Information System (CoRIS database), the Univeristy of the Virgin Islands, the University of Puerto Rico, and the University of South Florida. 
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Figure.  Cruise track and station locations for the April 2009 Intra-Americas Sea Biophysical Connectivity cruise.

The Argo program

Contributors:  Silvia Garzoli and Claudia Schmidt

The Argo program is implemented by a multi-national partnership of over 30 nations. Its main objective was to provide a quantitative description of the evolving state of the upper ocean and the patterns of ocean climate variability, including heat and fresh water transports. In 2004 the program achieved its target of global coverage with 3,000 active floats Argo profiling floats, which has been maintained continuously since 2007.  Argo provides free and unrestricted access to its 100,000 temperature/salinity profiles every year through an innovative data management system, delivering near real-time data in less than 24 hours and high-quality data for climate research in delayed-mode. Argo has observed the mean state of the ocean with unprecedented accuracy, while providing the first global views of time variability in the subsurface ocean. The Argo array is a subsurface counterpart and a complement for satellite missions observing sea surface height, ocean wind-forcing, ocean mass, and sea surface temperature and salinity. Its global coverage enables integration of the ocean observing system – repeat hydrographic and XBT transects, moorings and time-series stations, surface drifters, and air-sea flux measurements – together with the satellite measurements of the sea surface, for a complete description of the state of the oceans. 

The Argo Program contributes to climate research through several areas of application. Basic research using Argo data has grown rapidly to over 200 publications in 2010 alone, on topics including water mass properties and formation, air-sea interaction, ocean circulation, mesoscale eddies, ocean dynamics, and intra-seasonal to multi-decadal ocean variability. Second, Argo is the core subsurface dataset for ocean data assimilation modeling, Many centers around the world now use Argo data to produce global and regional analyses of subsurface properties because Argo is the most abundant source of subsurface information, (temperature, salinity, velocity) for the global ocean. The availability of these data in real time lends them to use by operational centers involved in the analysis and forecasting of the state of the ocean and climate, as well as severe weather events like hurricanes. Finally, the use of Argo in secondary and tertiary education is growing rapidly, as students anywhere in the world can now explore the global oceans in real time from classrooms. 

The stakeholders for this project include the scientific community, operational services (i.e. the NWS, ECMW, German Weather Service, Meteo France), climate forecasters (i.e. NCEP CPC, IPCC), and educational institutions.

Drifting buoy validation of satellite temperature and salinity:

Contributor:  Rick Lumpkin

Efforts to monitor changes in the Earth’s surface temperature must include accurate sea surface temperature (SST) measurements.   Satellites estimate SST via microwave and infrared measurements, subject to biases due to atmospheric aerosols and inhomogeneous sampling of the diurnal SST cycle.   Biases can be particularly severe during events such as the 1992 eruption of Mt. Pinatubo.  They can be corrected using observations from the in-situ ocean observing system for SST, which consists of ships and drifting and moored buoys.

Because the open-ocean moored network is almost entirely confined to the tropics (with very few exceptions) and ship observations to the major shipping lanes, most of the ocean’s area is measured by drifting buoys of NOAA’s Global Drifter Program.  (While Argo floats also measure temperature up to 5m depth, they do not resolve the diurnal cycle unlike the approximately hourly drifter measurements.)  Thus, drifters are critical to monitor Earth’s surface temperature.  Regional temperature fluctuations are needed to forecast and understand regional climate, e.g., rainfall pattern variations at seasonal to decadal time scales; drifters play a major role in characterizing these fluctuations.  Drifter measurements are a particularly crucial part of the observing system in the Southern Hemisphere.

More recently, satellite missions to measure surface salinity aim to improve our knowledge of Earth’s hydrological cycle as salinity integrates evaporation and precipitation patterns.  Salinity and temperature together determine ocean surface density, so better knowledge of these will improve our knowledge of the global overturning circulation, a major player in long-term climate fluctuations.  Drifters are currently being deployed and evaluated for their ability to measure sea surface salinity to validate and calibrate data from the satellite salinity missions.

The stakeholders for this project include climate researchers and weather services.
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Figure.  Equivalent buoy density (EBD), a measure of how well the in-situ ocean observing system is measuring SST, calculated by NOAA’s National Climate Data Center.  Green indicates regions where the observation density is sufficient, yellow is marginal, and red is insufficient.  Top: EBD in January through March 2006, the first quarter after the drifter array reached its goal size of 1250, for the entire observing network.  Bottom, same, calculated in the absence of the drifter array.  Figure courtesy Huai-min Zhang, NOAA/NCDC.

Ship of Opportunity Program

Contributor:  Molly Baringer

The goals of this project are to provide data to improve our understanding of the seasonal to interannual variability in upper ocean heat content.  Transport is monitored to understand how the ocean responds to changes in atmospheric and oceanic conditions and how the ocean response may feedback to the important climate fluctuations such as the North Atlantic Oscillation (NAO).  Additional objectives of this project are to provide the resulting data to increase our understanding of the dynamics of the seasonal to interannual and decadal time scale variability and to provide data for model validation studies. 

Stakeholders:

AOML maintains several XBT transects and other components of the SEAS operations with the collaboration of domestic and international partners, in order to lower costs and increase efficiency.   This collaboration includes:

· Providing probes to oceanographic institutions that have demonstrated reliability in logistics and operations,

· Provide software maintenance, 

· Contracting riders (HD transects only) to deploy the probes,

· Providing equipment (computers, antennas, etc) and software, and

· Carrying joint analysis of the data.

The SOOP program and the HD program also partner with other NOAA funded programs and national partners including

· The global drifter program (drifters deployed on HD lines)

· The global ARGO program (ARGO floats deployed on HD lines)

· The United State Coast Guard (AMVER vessel emergency response system is integral to SEAS)

· The National Weather Service (through SEAS transmissions of weather observations and from NWS port meterological officer collaborations for loading and greeting ships).

Data provided by this program includes the international research community including anyone with access to any national or international data center that archives or processes global telecommunications data.  It is used to compute changes in ocean heat content and ocean circulation. 

Global Repeat Hydrographic/CO2/Tracer Surveys in Support of CLIVAR and Global Carbon Cycle Objectives: Carbon Inventories and Fluxes

Contributor:  Molly Baringer
Goals:

The Repeat Hydrography CO2/tracer Program is a systematic and global re-occupation of select hydrographic sections to quantify changes in storage and transport of heat, fresh water, carbon dioxide (CO), chlorofluorocarbon tracers and related parameters.

Stakeholders:

The full datasets from the CLIVAR/CO2 cruises is submitted and stored at CDIAC and CCHDO for open access with no tracking of data use.  The Atlantic data has been used as reference cruises for the historical re-analysis in the CARINA effort (see synthesis and data management progress report  and for papers see http://www.earth-syst-sci-data-discuss.net/ special_issue2.html ) in which the NOAA CLIVAR/CO2 investigators were active participants.  The data  will be used  in major projects  organized by GCP in the  RECCAP (regional carbon cycle assessment and processes).  

Regional Observing System Design Studies in the Gulf of Mexico

Contributor:  George Halliwell

A Gulf of Mexico data-assimilative ocean nowcast-forecast system has been set up at AOML (Figure) that is now being used to perform ocean observation evaluation and design studies. The overarching goal is to improve ocean analyses used to initialize ocean forecast models for (1) improving coupled ocean-atmosphere hurricane forecasts and (2) improving ocean analyses and forecasts used for oil spill trajectory forecasting. Observing System Experiments (OSEs) are underway to evaluate the impact of emergency ocean observations taken during the Deepwater Horizon oil spill. Observing System Simulation Experiments (OSSEs) will then be performed to evaluate observing system enhancements that will significantly improve ocean model initialization. Design studies will be performed to evaluate and recommend enhancements to the existing operational observing system in this region, and also to evaluate and design targeted ocean observing strategies to supplement the operational system. Results and recommendations will be communicated to hurricane modeling and forecast centers (NOAA/EMC, NOAA/NHC), to oil spill forecast centers (NOAA/OR&R), and to national (IOOS) and regional (GCOOS, CariCOOS).

The stakeholders for this project include hurricane forecast centers, oil spill forecast centers, state emergency management agencies, ocean observation programs (IOOS, GCOOS), coastal residents in southeastern U. S. states and Caribbean countries.
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Figure. Evaluation of the HYCOM Gulf of Mexico data-assimilative ocean nowcast-forecast system used for the OSE and OSSE observing system design studies. The upper panels show observed (left) and model (right) SSH at the start of the data-assimilative experiment while the lower panels show these fields after 17 days of integration. The assimilation has substantially corrected the structure of the Loop Current and associated cyclones and anticyclones as marked by the circles.
Variability of Oceanic Mixed Layer and its Role in Climate System based on Observational Analysis

Contributor: Hailong Liu

The vertical stratification of the upper ocean generally shows the presence of a near surface mixed layer of quasi-vertically uniform temperature and salinity, hence density. Being in direct contact with the atmosphere, this layer plays a central role in air-sea interaction by affecting water, gasses, heat, and momentum exchanges across the air-sea interface.  In simplicity from the physical aspect, a deeper mixed layer has more potential to sustain its properties at the presence of external forcing and then has the inclination to slow down sea surface temperature (SST) changes. From the biological and chemical aspects, a decrease in mixed-layer depth would reduce the amount of carbon ventilation and lead to net less carbon dioxide uptake, even though the same decrease in mixed-layer depth could enable more abundant biological life, which results in some increase uptake and sedimentation of carbon dioxide. So the variability of mixed layer of different time scales, in the manifestation of changes of SST and atmospheric chemicals update, is critical in the processes of climate variations and global warming.  However, to quantify this mixed layer variability and its role in the climate system, the long time series of vertical temperature and salinity profiles are necessary except the atmospheric and chemical observations. Due to technical limitation, ocean observations were quite limited before 1960, which inhibited this study. Figure 1 shows the number of grid points with available historical archive of profile observations in World Ocean Database if the world ocean is gridded as 2X2 degrees.  With more ocean observations available after 2000 especially from ARGO floats, it is applicable and necessary to extend this research. 
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The stakeholders for this project include climate researchers. Climatologists care about how the SST responds to climate change and global warming and also how the SST impacts the atmospheric circulation and precipitation. But how the ocean dynamics through mixed layer variability impacts the SST and air-sea interaction is still poorly known. Besides, the processes associated GHG uptake are closely related with mixed layer properties. So it is expected that this study will provide some fundamental understanding in explaining climate change associated with oceanic processes. As this study is based on observations,  it should also be a useful reference for the mixed layer representation in numerical models. 







Figure 1. (a) Number of grid points on a 2x2 deg grid filled with profile data. Data are stratified by instruments. Instrument abbreviations are the same as those adopted in the NODC World Ocean Atlas. Full global ocean surface coverage corresponds to approximately 11,000 points.

Meridional Overturning Circulation Observing System Design

Collaborators: Renellys Perez, George Halliwell, Carlisle Thacker, Haoping Yang

Variations in the ocean’s Meridional Overturning Circulation (MOC) are strongly correlated to important climatic changes in precipitation and surface air temperatures. The Atlantic component of the MOC includes the sinking of surface waters at high latitudes in the North Atlantic, meridional translation of these deep waters around the world, gradual upwelling, and a return to the deep-water formation regions through the South Atlantic. Both the South and North Atlantic actively participate in water mass transformation, so sustained MOC observations are needed throughout the Atlantic. Both existing and new observing systems are very expensive, so the development of efficient observing strategies to monitor changes in the MOC is critically important for monitoring changes in the Earth’s climate system. This is also necessary to perform the scientific studies required to understand the global connectivity of the MOC and to develop the physical understanding required to predict changes in the MOC for policy makers.

Our use of ocean general circulation models to evaluate existing and new MOC observing systems involves two research thrusts: (1) model sampling experiments, and (2) Observing System Simulation Experiments (OSSEs). Model sampling experiments have been used to test the ability of in situ geostrophic velocity measurement systems to measure the MOC in the extratropical South Atlantic. Based on these results, the South Atlantic MOC community intends to deploy an array of approximately 20 instruments along 34.5°S. We have developed a prototype OSSE system at AOML to develop optimum observing strategies for monitoring changes in the MOC.  Initial OSSEs now being performed will (1) assess the impact of extending ARGO profiles into the deep ocean, and (2) gauge the impact of new cross-basin monitoring arrays. 
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The stakeholders for this project include South Atlantic MOC observational community, US AMOC science teams, multi-national ARGO community, climate modelers, and policy makers.

Figure. Schematic of a proposed trans-basin array along 34.5°S. The array consists of bottom pressure gauges, ADCPs, mid-depth and deep dynamic height moorings, PIES, PIES-with datapods, and CPIES. Black and red asterisks denote sites that overlap with JASON and Envisat altimetry groundtracks, respectively. Color contours show mean meridional velocity from a numerical simulation.
Diagnostic and Modeling Studies on Impacts, Mechanisms and Predictability of the Atlantic Warm Pool

Collaborators: Chunzai Wang, David B. Enfield, and Sang-Ki Lee

Our previous NOAA-funded research used the NCAR Community Atmospheric Model version 3 (CAM3) and observations to point out the importance of the Atlantic warm pool (AWP) for North and Central American summer climate and hurricanes. In the current project, we will continue our investigation of the AWP by diagnosing coupled models and by performing coupled model runs using the NCAR Community Climate System Model version 3 (CCSM3) to assess and improve predictability of AWP and its climate impacts. Research topics include (1) variability of the AWP; (2) variability of the North Atlantic subtropical high; (3) variability of the easterly Caribbean low-level jet and its moisture transport; (4) variability of the southerly Great Plains low-level jet and its moisture transport; (5) the relationships of U.S. rainfall with the AWP, low-level jets and the North Atlantic subtropical high; (6) the effects of external influences versus local ocean-atmosphere processes on AWP variability; (7) the relationships among environmental factors contributing to Atlantic hurricanes; (8) extreme events such as tornados and Midwest floods and their relationships with moisture transport from the AWP region; and (9) models’ biases in the AWP region and sources that contribute to the models’ biases.

The Atlantic Warm Pool (AWP) governs the summer climate, which impacts the U.S. rainfall, and extreme events such as spring runoff (floods), tornadoes, and hurricanes. Therefore, the direct stakeholders include emergency managers, county planners, insurance companies, water management districts, agriculture industry, oil/gas and cargo shipping companies, offshore gas and oil production companies, and cruise lines.
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Figure.  The tropospheric vertical wind shear (m s-1) during August-September-October (ASO) from (a) the NCEP-NCAR reanalysis, (b) the CTRL ensemble run, (c) the NO_AWP ensemble run, and (d) the difference between the CTRL and NO_AWP runs.
Improving Predictability of the Atlantic Warm Pool in Ocean Model for Assistance to Operational Hurricane Forecast

Collaborators:  Chunzai Wang, Sang-Ki Lee and Carlos Lozano

Both observational and modeling studies have shown that the Atlantic warm pool (AWP) affects Atlantic TCs in multiple ways. Therefore, improving the simulations of the AWP during the hurricane season in NCEP/EMC operational models will contribute to improving the forecast of the intensification, formation and track of Atlantic hurricanes. In this Joint Hurricane Testbed (JHT) project, we will focus on improving predictability of the AWP and associated mesoscale ocean features for transition to operational hurricane forecast using HYbrid Coordinate Ocean Model (HYCOM), which is the ocean model component of Hurricane Weather Research and Forecast (HWRF)-HYCOM, an experimental hurricane forecast system at NCEP/EMC. Our ultimate goal is to evaluate and improve HYCOM’s predictability of the AWP and associated mesoscale ocean features for NCEP/EMC transition to operational hurricane forecast.  

Since the main target of this project is to improve the forecast of the intensification, formation and track of Atlantic hurricanes, the direct stakeholders include emergency managers, county planners, insurance companies, water management districts, fishermen, and shipping companies, oil/gas and cargo shipping companies, offshore gas and oil production companies, and cruise lines.
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Figure.  SST composites of (a) large Atlantic warm pools and (c) small Atlantic warm pools during June to November. Atlantic major hurricane tracks for (c) 14 years of large Atlantic warm pools and (d) 15 years of small Atlantic warm pools 

What Causes the Tropical Atlantic SST Bias in Coupled General Circulation Models?

Collaborators:  Sang-Ki Lee, Ben Kirtman, Chunzai Wang and David B. Enfield

Despite our growing recognition for the important role of tropical Atlantic atmosphere-ocean processes on climate variability, almost all of the state-of-the-art atmosphere-ocean coupled climate models cannot reproduce the annual cycle of tropical Atlantic SSTs. Due to this shortcoming in the climate models, currently we do not have a skill to simulate the tropical Atlantic climate variability. The overall goal of this project is to identify processes and/or parameterizations in the coupled models that are responsible for generating tropical Atlantic SST biases. With this goal in mind, we will analyze the mixed layer heat budget of a major coupled model to identify the heat budget terms that contribute significantly to the tropical Atlantic SST bias. One of our primary interests is to examine the possible role of local ocean dynamics on the SST bias in three key regions, namely the southeastern Atlantic Ocean, the eastern and central equatorial Atlantic Ocean, and the tropical North Atlantic Ocean. We will also determine and quantify the external influences and to understand if and how local atmosphere-ocean feedback processes amplify the remote signals. These questions will be addressed by carefully designing numerical model experiments using the NCAR community climate system model version 3 (CCSM3).

The direct stakeholders include climate model development groups in the major modeling centers in the U.S., including NCAR, GFDL and universities. 


Figure. The tropical Atlantic SST bias (simulated - observed) of IPCC models during boreal spring (upper panels) and summer (lower panels). The left column is from the ensemble average of IPCC models and the right column is from CCSM3. The total of twelve IPCC models are used to construct the ensemble mean. All IPCC model data are obtained from “the climate of 20th century” scenario. ERSST2 for the same period (1870-1999) is used for the observation.

Predicting the effects of climate change on bluefin tuna (Thunnus thynnus) spawning in the Gulf of Mexico using downscaled climate models

Collaborators:  Sang-Ki Lee, (Barbara Muhling and John Lamkin at SEFSC)
Although the Atlantic bluefin tuna (Thunnus thynnus) is widely distributed, spawning in the western Atlantic has been recorded predominantly in the GoM, from April to June. While bluefin tuna can tolerate colder waters than other tropical tunas, they are adversely affected by warm (> 28°C) waters, and show behavioral patterns to avoid warm features in the GoM, such as the Loop Current. IPCC-AR4 climate model simulations forced by future greenhouse warming project that the upper ocean in the GoM may increase by more than 2oC by the end of the 21C, and thus suggest that the GoM may become a unsuitable habitat for bluefin tuna spawning due to anthropogenic global warming (AGW) as shown in the Figure 1. However, since the IPCC-AR4 models have a very coarse resolution (typically around 100km), the simulated changes in the strength, position and eddy-shedding characteristics of the Loop Current, which are important factors for the upper ocean temperature response to the changing climate, are far from realistic. 

To better simulate the AGW-induced changes in regional physical oceanographic features in the GoM, a high-resolution regional ocean model will be constrained with boundary conditions from the IPCC-AR4 models under various CO2 emission scenarios. This work is a collaboration between stock assessment scientists, climatologists and fisheries oceanographers, to project the impact of climate change on environmental indicators in the northern GoM. 

The direct stakeholders for this project include commercial fishery and reprocess industry, and the national marine fisheries service. 

Figure.  Projected bluefin tuna spawning habitat extent in March, April, May and June for the late 20th century (top), 2045-2055 (middle), and 2085 – 2095 (bottom). Habitat suitability is measured by probability of larval occurrence, and is using interpolated temperature data from an ensemble of 19 IPCC-AR4 climate models under A1B scenario. 

Figure. (Left) Meridional heat transport across AX18 (blue) and contributions from the Ekman (red) and geostrophic (green) components, and their corresponding seasonal variations (right). 




















Figure. (a) Mean surface geostrophic circulation, October 1992 – December 2009, derived from a synthesis of surface drifter trajectories, winds, and altimetry; coloring is corresponding mean SST and white lines mark the NECC region. (b) Real and (c) imaginary regression patterns of interannual SST (coloring) as well as zonal and meridional wind stress (vectors) anomalies onto temporal component of a first complex EOF mode describing interannual NECC variations; values are shown only where significant at 95% level.








