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This white paper describes the Global Tropical Moored Buoy Array, which is a multi-national effort to provide data in real-time for climate research and forecasting. Major components include the Tropical Atmosphere Ocean/Triangle Trans-Ocean Buoy Network (TAO/TRITON) in the Pacific, the Prediction and Research Moored Array in the Tropical Atlantic (PIRATA), and the Research Moored Array for African-Asian-Australian Monsoon Analysis and Prediction (RAMA) in the Indian Ocean. The phenomena of primary interest are:

• El Niño/Southern Oscillation (ENSO) in the Pacific

• The meridional gradient mode, equatorial warm events, and hurricane activity in

the Atlantic

• The monsoons, the Indian Ocean Dipole, and intraseasonal variability in the Indian Ocean

Sustained, systematic and comprehensive observations are necessary to advance knowledge of critical processes that govern climate dynamics originating in the tropics; observations are also needed to develop, initialize, and validate forecast models that can be used for advance warnings of natural hazards.  A global tropical perspective is required not only because of the range and complexity of tropical phenomena that affect the climate system, but also because of basin-to-basin interactions that affect the evolution of climatic fluctuations. These interactions include, for example, the effects of intraseasonal variability originating over the Indian Ocean on ENSO, the effects of ENSO on Indian and Atlantic Ocean climate variations, and influences of the tropical Atlantic on the eastern Pacific.

Surface moorings are a valuable technology for tropical climate studies for four reasons: 1) They can be instrumented to measure both upper ocean and surface meteorological variables involved in ocean-atmosphere interactions; 2) They provide time series measurements at fine temporal resolution (minutes to daily averages) to resolve high frequency oceanic and atmospheric fluctuations that would otherwise be aliased into the lower frequency climate signals of primary interest; 3) The can be deployed and maintained on a fixed grid of stations so that measurements do not convolve variability in time and space; 4) The data can be transmitted to shore via satellite in real-time, which benefits operational forecasting and ensures retrieval of the data even if a mooring is lost.  Though the mooring arrays or motivated primarily by issues related to climate research and forecasting, real-time transmission of meteorological data several times a day also benefits operational marine weather forecasting. At some locations within the arrays, biogeochemical sensors have been added to provide time series measurements for studies of biological productivity and oceanic uptake of CO2. Ship time dedicated to service the buoys is also routinely used to collect additional in-situ meteorological and oceanographic measurements, and maintain other components of the Global Ocean Observing System such as the Argo float and drifter arrays.
The figure below shows how the Global Tropical Moored Buoy Array has evolved since the OceanObs99 meeting in San Raphael, France.  In October 1999, the TAO array in the Pacific had been completed and the core PIRATA network of 10 moorings was in place.  There were also two biogeochemical stations established on TAO moorings in the Pacific.  Since then, TRITON moorings were installed in the western Pacific in place of ATLAS moorings (beginning in 2000), PIRATA has expanded to nearly double in size (beginning in 2005), RAMA was initiated in the Indian Ocean (beginning in 2000) and is now about 50% complete, Flux Reference Sites were established in all three oceans (beginning in 2005) as part of OceanSITES, and additional biogeochemical measurements were added in the Pacific and Atlantic (beginning in 2003). The Global Tropical Moored Buoy Array has also provided a long term, large scale context for, and specific contributions to, short duration, regionally focused process-oriented studies. These include EPIC in the eastern tropical Pacific, TACE in the Atlantic, and MISMO and Cirene in the Indian Ocean.  In 2002, NOAA mandated transfer of TAO management responsibility from research to operations.  Transfer was initiated in 2004 and will take several more years to complete. This presentation will describe the scientific, technological, and political factors that stimulated expansion and enhancements of the Global Tropical Moored Buoy Array since 1999.  We will also describe scientific advances enabled by the mooring data over this time.
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Figure. The global tropical Moored Buoy Array in October 2008 (top) and October 1999 (bottom).

