NOAA’s Global Drifter Program (GDP)
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Objectives
The Global Drifter Program (GDP) is the principle component of the Global Surface Drifting Buoy Array, a branch of NOAA's Global Ocean Observing System (GOOS) and a scientific project of the Data Buoy Cooperation Panel (DBCP). Its objectives are to: 
1. Maintain a global 5x5 degree array of 1250 ARGOS-tracked surface drifting buoys to meet the need for an accurate and globally dense set of in-situ observations of mixed layer currents, sea surface temperature, atmospheric pressure, winds and salinity, and 
2. Provide a data processing system for scientific use of these data. 
These data support short-term (seasonal to interannual) climate predictions as well as climate research and monitoring.
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History 
For many years, ocean currents have been estimated by how they carry objects. For example, sailors measured the speed of their ship through the water using the ship log. They measured their absolute position by celestial navigation (in the good old days, pre-GPS!). The difference between the absolute speed and the speed through the water gave the speed of the currents. Very strong currents, such as the Gulf Stream of the North American east coast, made a big difference in how long it takes to travel south versus north! Large-scale currents were also inferred when an object dropped at one place eventually washed ashore on a distant beach. Glass balls used by Japanese fishermen ended up on a beach in California, carried by the vast clockwise-swirling North Pacific gyre. 
More recently, researchers began tracking objects while they were drifting. This tracking was first done visually (from a coastline or anchored ship,) then using radio, and most recently using satellites. During the 1970s, when satellite tracking became possible, many competing drifter designs were proposed, built and deployed in various studies around the world. 
In 1982 the World Climate Research Program (WCRP) recognized that a global array of drifting buoys ("drifters") would be invaluable for oceanographic and climate research, but there were large differences in the costs and water-following properties of various designs (WCRP, 1988; Niiler, 2001). The WCRP declared that a standardized, low-cost, lightweight, easily deployed drifter should be developed. 
This development took place under the Surface Velocity Program (SVP) of the Tropical Ocean Global Atmosphere (TOGA) experiment and the World Ocean Circulation Experiment. Funding was provided by the US Office of Naval Research, the National Oceanic and Atmospheric Administration (NOAA), and the National Science Foundation. Competing designs were rigorously evaluated on a number of criteria including their water-following characteristics, quantified by attaching vector-measuring current meters to the tops and bottom of the drogues (Niiler et al., 1987, 1995). As a result of these examinations, a uniform design for the modern SVP drifter was proposed in 1992 (Sybrandy and Niiler, 1992). The SVP drifter has a spherical surface buoy and a semi rigid drogue that maintains its shape in high-shear flows. 
The modern data set of SVP drifters includes all drifters deployed during the 1979-1993 development period that had a holey-sock drogue centered at 15 m depth. Spar-type drifters with holey-sock drogues were first deployed by NOAA's Atlantic Oceanographic and Meteorological Laboratory in February 1979 as part of the TOGA/Equatorial Pacific Ocean Circulation Experiment (EPOCS). Large-scale deployments of the first modern SVP drifters took place in 1988 (WCRP, 1988) with the goal of mapping the tropical Pacific Ocean's surface circulation. This effort was expanded to global scale as part of WOCE and the Atlantic Climate Change Program (ACCP), in which the array of SVP drifters was extended to cover the Pacific and North Atlantic Oceans by 1992 and the Southern and Indian Oceans by 1994 (Niiler, 2001). The array spanned the tropical and South Atlantic Ocean by 2004 (Lumpkin and Garzoli, 2005). 
Design 
There are two basic sizes of SVP drifters: the original, relatively heavy SVP drifter and the newer "mini" version. The less expensive, easier-to-deploy mini design was proposed in 2002 and is currently produced alongside original SVP drifters by several manufacturers. Manufacturers of SVP drifters include Clearwater Instrumentation (Watertown, MA USA), Marlin-Yug (Sevastopol, Ukraine), Metocean Data Systems (Dartmouth, Nova Scotia, Canada), Pacific Gyre (Oceanside, CA USA), and Technocean (Cape Coral, FL USA).            
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The surface float ranges from 30.5 cm to 40 cm in diameter. It contains: batteries in 4-5 packs, each with 7-9 alkaline D-cell batteries; a transmitter; a thermistor to measure sea surface temperature; and possibly other instruments measuring barometric pressure, wind speed and direction, salinity, and/or ocean color. They also have a submergence sensor or a tether strain sensor to verify the presence of the drogue. 
The drogue is centered at 15 meters beneath the surface to measure mixed layer currents in the upper ocean. The outer surface of the drogue is made of nylon cloth. In the original design it is 7 sections, each 92 cm long and 92 cm in diameter, for a total length of 6.44 m. Mini drogues are not yet standardized among the manufacturers: they are 4 (Pacific Gyre) or 5 (Marlin-Yug) sections of original dimensions, or 4 (Clearwater) or 5 (Technocean) redesigned sections of diameter 61 cm, length 1.22 m per section. Throughout the drogue, rigid rings with spokes support the drogue's cylindrical shape. The drogue is a "holey-sock": each drogue section contains two opposing holes, which are rotated 90 degrees from one section to the next. These holes act like the dimples of a golf ball by disrupting the formation of organized lee vortices. 
While the size of the surface float and drogue vary, the manufacturers all aim for a specific nondimensional goal: a drag area ratio of 40. This ratio is the drag area (drag coefficient times cross-sectional area) of the drogue, divided by the drag area of all other components. At a drag area ratio of 40, the resulting downwind slip (defined later) is 0.7 cm/s in 10 m/s winds (Niiler and Paduan, 1995). 
Once deployed, a modern SVP drifter lives an average of around 400 days before ceasing transmission. Occasionally, drifters are picked up by fishermen or lose their drogue and run aground. 

Deployment
Original-design SVP drifters weigh 45 kg (100 lbs) each. Mini drifters weigh 20 kg (44 lbs) each. Before deployment, the drogue and tether are bound with paper tape, which dissolves in the water, and the tether is sometimes wrapped around a water-soluble cardboard tube to protect it from kinking. The drifter is deployed by throwing it from the stern of a vessel, preferably from the lowest deck and within 10 m of the sea surface. Successful deployments have been made from ships steaming at up to 25 knots. After deployment, it may take up to an hour for the paper tape to dissolve and trapped air bubbles to be released, so that the drogue sinks to the target depth (15 m). 
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Drifters have been air-deployed out of Lockheed C-130 Hercules, operated by the Air Force Reserve Hurricane Hunters (53d Weather Reconnaissance Squadron, 403d Wing, Keesler Air Force Base), and by the Naval Oceanographic Office which conducts surveys supporting naval operations primarily in the northern hemisphere. Deployments have also been conducted from a C-141 Starlifter. 
During the one-year period September 2003 August 2004, a total of 658 drifters were deployed in NOAA's contribution to the Global Drifter Program. Of these, 440 were deployed off research vessels, 201 off voluntary observation ships, and 17 were air-deployed. 

Data transmission and drifter location
The drifter sensors measure data such as sea surface temperature, average the data over a window (typically 90 seconds), and transmit the sensor data at 401.65 MHz. Each drifter transmitter is assigned a Platform Terminal Transmitter (PTT) code, often referred to as the drifter ID. 
Argos is a satellite-based system for collecting, processing and distributing data. It is a partnership between NOAA and the French Space Agency (CNES), along with EUMETSAT and ISRO, with data processing by two CNES subsidiaries: Collecte Localisation Satellites in Toulouse, France andCLS America in Lanham, Maryland USA. Since 1978, the Argos system has been carried on the US Polar Orbiting Environmental Satellites to obtain global coverage... As of late 2012, it will also be on two METOP satellites and on SARAL.
The position of a drifter is not usually given by the familiar Global Positioning System (GPS). Instead, it is inferred from the Doppler shift of its transmission as seen by the satellite and described in the Argos Users Manual. Argos specifies the accuracy of position fixes according to a location class: class one (<1500 meters error), class two (<500 meters error) and class three (< 250 meters error). 

Other observations
Sea surface temperature (SST): All standard SVP drifters measure temperature 20-30 cm beneath the sea surface. These data are disseminated on the Global Telecommunication System (GTS) by Argos within two hours of reception for use in numerical weather forecasting and operational SST analysis, and for calibrating satellite-derived SST fields such as the NOAA Optimum Interpolation and TMI/AMSRE products. 
Barometric pressure: Many drifters, known as SVP-Bs, have been outfitted with a barometer to measure air pressure. Large-scale experimental deployments began in 1994; operational barometric observations have been collected since 1997. These data are particularly valuable in numerical weather prediction at high latitudes, where few in-situ observations are available if a storm develops outside the major shipping lanes. The barometer port extends 20 cm above the top of the surface float to minimize spuriously high spikes in the pressure record associated with submergence. 
Wind: Some drifters include a hydrophone for noise level, which can be converted to wind speed and precipitation estimates, and a 25 cm by 20 cm wind vane mounted to the barometer port of the surface float (with accompanying two-axis tilt sensor in the float, and swivel connection for the tether) to measure wind direction. SVP drifters of this type are known as Minimets (Milliff et al., 2003). The WOTAN hydrophone is typically mounted either on the tether, at a depth of 11 m, or between the tether and drogue top. Recent air deployments of these drifters in the paths of hurricanes Fabian and Isabel (2003), Frances and Jeanne (2004) and Rita (2005) have demonstrated the ability to measure the wind direction to within 10 degrees, mapping the circulation of the hurricane more clearly than in QuikSCAT satellite data. 
Ocean color: Some drifters have included an upwelling radiance sensor mounted on the surface float just beneath the sea surface, along with a downwelling irradiance sensor. Their observations have been used to study chlorophyll variations in remote regions such as the Southern Ocean (Letelier et al., 1996). 
Salinity: The first salinity-measuring drifters were developed at Scripps Institution of Oceanography (SIO) by attaching a SeaBird SeaCat (thermistor and conductivity) to the top of the drogue (11 m depth). In 1992-3, 72 of these drifters were deployed in the tropical Pacific and provided observations which compared favorably to the TAO mooring data (Kennan et al., 1998). Four of these drifters were recovered after 310 days at sea, with post-calibration revealing a maximum offset of 0.02 psu. More recently, drifters have been developed which can measure surface salinity. At SIO, SeaBird Microcats have been mounted to the base of the surface float. Parallel development is being conducted at Woods Hole Oceanographic Institution. Thirty of the SIO drifters were deployed in the East China Sea in the period 2000-2004, to help evaluate the effects of the decreasing Yangzte flow on the ecology of South Korea. Two were recovered several weeks after deployment, and showed no detectable offset when post-calibrated (P. Niiler, pers. comm.). 
Biofouling presents the major challenge to obtaining extended observations of surface salinity. Ongoing experiments are varying the antifouling paint and the pumping systems for the SeaBird Microcats. A current Global Drifter Program project involves SVP-Microcat pairs deployed in the Bay of Biscay west of France, each pair consisting of one drifter with pumping and one without, with sequential recoveries to evaluate the success and necessity of pumping. In the future, drifter salinity observations will provide calibration and validation for satellite-derived sea surface salinity products. 
Subsurface temperature: Several drifter manufacturers are developing drifters with thermistor chains to measure temperature profiles of the oceans upper 100 m. These observations would be invaluable for measuring mixed layer heat content variability, which can be poorly correlated with SST changes (Kelly, 2004). An array of drifters including eight with thermistor chains were air-deployed ahead of Hurricane Rita in September 2005, successfully providing upper ocean heat measurements in the Gulf of Mexico prior to the storm's landfall near the Texas/Louisiana border. 

The future
The design of the SVP drifter has not stopped evolving - as demonstrated by the recent introduction of the mini drifter - while its qualitative characteristics and water-following properties have remained relatively steady since the earliest deployments. Incremental improvements in design and manufacturing will continue to increase drifter lifetime, and alternative methods for detecting drogue presence (such as tether strain) are being considered. New methodologies for drifter data analysis will continue to be developed, aided by increasing information from the ever-growing drifter array and from other sources of complimentary observations. Dense deployments in eddy-rich, frontal regions will help us improve our understanding of eddy fluxes and their role in modifying air-sea heat fluxes and water mass formation. 
The quality of drifter data will also improve with updated interpolation schemes. As noted by Hansen and Poulain (1996), the kriging interpolation routines are optimized for tropical Pacific observations. Future interpolation schemes will be more global in scope, providing better error estimates of interpolated positions and velocity, and may improve estimates of the Lagrangian acceleration and diffusion. 
In September 2005 the surface drifting buoy array of NOAA's Global Ocean Observing System and Global Climate Observing System consisted of 1250 SVP drifters at a nominal global resolution of 5 by 5 degrees. The major challenge facing AOML's Drifter Operations Center, which coordinates drifter deployments, is to arrange deployments in regions of surface divergence and areas infrequently visited by research or voluntary observation vessels. This logistical challenge is being addressed by air deployments, increased international cooperation, and the development of tools to predict global drifter array coverage based on its present distribution and historical advection/dispersion. As the array grows, it provides invaluable observations of ocean dynamics, meteorological conditions and climate variations, and offers a platform to test experimental sensors measuring surface conductivity, rain rates, biochemical concentrations, and air-sea fluxes throughout the world's oceans. 
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