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1. Program overview

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 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.

The GDP is managed with close cooperation between: Manufacturers in private industry, who build the drifters according to closely monitored specifications; NOAA's Atlantic Oceanographic and Meteorological Laboratory (AOML), which coordinates deployments, processes the data, archives the data, maintains META files describing each drifter deployed, develops and distributes data-based products, and updates the GDP HYPERLINK "http://www.aoml.noaa.gov/phod/dac/gdp.html"   website (http://www.aoml.noaa.gov/phod/gdp.html); and  NOAA's Joint Institute for Marine Observations (JIMO), which supervises the industry, upgrades the technology, purchases drifters, and develops enhanced data sets. 

Drs.  HYPERLINK "mailto:pniiler-AT@-ucsd.edu" Peter Niiler (JIMO) and Rick Lumpkin (AOML) maintain liaisons between the GDP and individual research programs that deploy drifters. 

AOML’s component of the GDP is directed by Rick Lumpkin and is composed of the Drifter Operation Center (DOC) and the Data Assembly Center (DAC). 

In order to fulfill its objectives, the GDP determines areas of interest, locates Vessels of Opportunity (VOS) which help deploy buoys while in transit), coordinates deployment locations, processes and archives data, develops and distributes data-based products and posts all quality controlled results on the GDP website.  Within these daily activities, the GDP works closely with various companies and institutions. 

2. Current Status of the Global Drifter Array

As of 25 August 2008, the global array of GDP drifters was at 1159, with 962 (83%) drogued to measure mixed layer currents.   
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3. Operations: 2008 summary, 2009 plans

2008 Drifter Deployments

In FY2008 (1 September 2007 to 31 August 2008), there were a total of 980 drifters deployed, falling 20 drifters short of the goal of 1000 deployments. When these deployment totals are compared to that of the deployments from last year, there were 23 fewer buoys deployed, bringing the total number of drifters on the GTS to 1179. Last year at this time, 1003 drifters had been deployed with 1215 transmitting on GTS.
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Of the 980 drifters deployed in FY2008, a total of 137 were classified as research drifters (Consortium Research). The breakdown of all 2008 deployments is:

North Atlantic:
  127

Tropical Atlantic:
  147

South Atlantic:
  116

North Pacific:

   73

Equatorial Pacific:
  316

South Pacific:

   45

Indian Ocean:

  156



   Total # drifters

 Deployed in FY2008:          980

2009 Deployment Plan



Operation Buoy Deployments


800



Consortium Research Buoy Deployments
200



Total Deployments in 2009

           1000

Being that FY2009 is a continuation of the International Polar Year, there is a strong desire to maintain the awareness of sea surface temperature, barometric pressure and ocean currents in the higher latitudes (>40(). Historically, these areas have been sampled with less regularity, thus creating a need to increase the number of drifters deployed in these regions.

In FY2008, there were a total of 326 buoys deployed in areas with a latitude greater than 40(. When we break down these deployments by region, we see that the distribution between North and South is similar.

North Atlantic (greater than 40(N):  110


    
( 130 Northern Deployments   (40(N

North Pacific   (greater than 40(N):   20


39.9%


South Atlantic (greater than 40(S):  112

South Pacific   (greater than 40(S): 
39
( 196 Southern Deployments   (40(S

South Indian    (greater than 40(S): 
45


60.1%

Taking a closer look at the type of buoys deployed; of the 326 buoys at latitudes greater than 40(, a total of 276 of these buoys were SVPB’s (84.7%), 48 were SVP’s (14.7%), and 2 were SVPBS’s (00.6%).

The total of 326 buoys deployed falls 49 shy of the 2008 goal of 375 buoys in regions with latitude greater than 40(. While the total number of buoy deployments in these regions remained the same, the percentage of SVPB buoys deployed increased from 55.7% to 84.7%, which easily surpassed this years goal of 60%. 

With invaluable assistance and collaboration from our numerous partners throughout the world, it is the goal of the GDP to increase the number of high latitude deployments to 375 buoys in 2009, while maintaining the percentage of SVPB deployments above 80%. 

Deployment highlight: African Partnership Station (APS) Training 

In March of 2008, 28 participants from Ghana, Cameroon, and Nigeria boarded the U.S. Navy vessel HSV-2 Swift, where three days of training ensued from the port of Tema, Ghana.  The ability of the US Navy to host the training aboard one of its vessels allowed for a novel “hands-on” experience which enabled participants to become familiar with the instruments, from which the data they are studying. The session was conducted as part of the US Naval Forces Africa Partnership Station (APS), which is an initiative in support of NOAA’s climate research and ocean-observing efforts. During the three-day session, one Argo Float, three global drifting buoys, and 12 expendable bathythermographs (XBT’s) were deployed from the HSV-2 Swift to gather temperature, salinity, and current measurements. The deployment of these instruments was an important step in understanding how to incorporate the data access training previously taught in Ghana and Belgium.

Data from the instruments are transmitted via satellite to the Global Telecommunication System (GTS) for use by the international oceanographic and meteorological communities in ocean and climate studies, weather modeling, and marine operations. As the network of west African regional partners develops, it is anticipated that a greater number of ocean-observing instruments will be deployed in the area, leading to improved short and long-term climate predictions.
4. Analysis of the global drifter array 

The number of drifters in the global array is shown below.  The array reached its goal of 1250 drifters in September 2005, and subsequently has fluctuated around that average by design.  Those fluctuations reveal a distinctly seasonal pattern, with peaks of 1300—1350 drifters in Boreal winter—spring and troughs of ~1150—1200 drifters in summer—fall.  Such patterns reflect the seasonal variations in deployment opportunities, primarily due to dense Southern Ocean deployments during the research campaign season there.
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Size of global drifter array in regions.  Atlantic/Indian divided at 25(E in the Southern Ocean, Atlantic/Pacific at 70(W in the Southern Ocean, Indian/Pacific at 125(E south of Timor.

The number of drifter deaths per month, per 1250 drifters, is shown below.  This is the number of drifters that must be deployed each month in order to maintain the array at 1250.  The death rate has increased over the last few years, with a trend from September 2005 to now increasing from 71 to 85 deaths per month.  At an approximate cost of $1500 per drifter (SVP, neglecting the additional costs of barometer upgrades), an additional 14 deaths per month is equivalent to an additional $252k per year to maintain the drifter array.

One major factor in setting the high death rate is the mean age of the array, also shown below.  During 2005, the size of the array increased dramatically as deployments were ramped up to meet the goal of 1250 drifters by September.  This large influx of new drifters drove down the average age of the array to its lowest level in years.  At the beginning of 2006, the median age of a drifter in the array was 200 days, far less than the operational lifetime of 450 days.  However, maintaining ~1250 drifters requires fewer deployments, and the mean age of the array increased after January 2006.  The mean age is now near 450 days, e.g., the mean lifetime of a drifter, suggesting that the increase in death rate and array age should level off unless systematic engineering problems develop to reduce the mean age of the array while increasing the death rate.
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Number of drifter deaths per 1250 drifters per month (top) and the age of the global drifter array (bottom).
Finally, in the figure below, we show the recent growth of the array as a function of the four major drifter manufacturers.  The array is dominated by drifters from Technocean and Clearwater.  Death rates (second subplot) have remained relatively low and steady for Technocean drifters.  Clearwater drifter deaths spiked to larger values in early to mid 2007, an issue which the GDP identified in mid-2007 and communicated to the manufacturer.  Since mid-2008, the death rates of three of the four manufacturers (all but Technocean) have risen, perhaps reflecting the increasing age of the drifters.  For the period September 2007 to the present, the mean death rate, per 1250 drifters, per month have been 108 (Clearwater), 89 (Metocean), 84 (Pacific Gyre) and 52 (Technocean).  Some of these variations reflect various deployment regions, which are not uniform for drifters from the manufacturers, deployment techniques from individual platforms, storage times for some batches of drifters, etc.; these variations motivated the ADB study described earlier. 
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Size of the array divided into the four major manufacturers (top), the number of drifters that died each month (middle) and the number of drifters deployed each month (bottom).
Evaluating the overall observing system for SST and ocean current measurements

The overall Global Ocean Observing System (GOOS) is evaluated for SST measurements by NOAA’s National Climate Data Center (NCDC), and for near-surface current measurements by the Global Drifter Program.  SST measurements are quantified by Equivalent Buoy Density (EBD), which downweighs ship measurements compared to moored and drifting buoy measurements to reflect the relative accuracy levels.  Most of the spatial coverage of the array is due to drifters, which fill the vast gaps between the major shipping lines, although moored buoys are invaluable for maintaining instrumentation in regions of surface divergence.  Recent maps (see below) indicate that EBD is lowest in shallow, near-coastal and ice-covered regions.
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Equivalent buoy density (EBD) for April-June 2007.  Figure courtesy Huai-min Zhang, NOAA/NCDC.

Near-surface currents are measured by moored current meters and by drogued drifters, a subset of the overall drifter array due to drogue loss.  Over the most recent quarter, slightly over 60% of all 5(x5( open-ocean squares were sampled at least once.  Spatially (Fig. 2.2, bottom left), coverage is best in the Atlantic Ocean and southern Indian Ocean, with lowest coverage in the South Pacific, northwestern North Pacific and western tropical Indian Ocean.
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GOOS measurements of near-surface currents for April-June 2008 (NOAA/GDP).

5. Drifter quality evaluation

AOML Data Buoy (ADB) Comparison Study

This year, as in 2005 and 2006, the GDP is conducting an AOML Data Buoy (ADB) comparison study. During this study, drifters from four different buoy manufacturers (Clearwater Instruments Inc, Metocean Data Systems Ltd, Pacific Gyre Inc, and Technocean Inc.) are deployed in clusters in various regions throughout the world.  The clusters are initially only a few meters apart, allowing us to cross-compare for SST quality and wind-driven slip.  It is the goal of the GDP to evaluate the performance of each product independently, and use these findings to determine the strengths and weaknesses (if any) that exist. 

Preliminary results show that after 5 months of data collected, a total of 4 drifters out of 20 have already ceased transmitting, one from Technocean after 50 days, two from Metocean after 34 and 64 days and one from Pacific Gyre after 91 days.  We are concerned about the rapid death of the Metocean drifters, with 2 out of 5 dead already dead, and will continue to monitor the lifetimes of the remaining drifters.

Five ADB drifters have already lost their drogues: one Clearwater drifter lost its drogue after 99 days, three Technocean drifters lost their drogues after 101, 99 and 75 days, and one Pacific Gyre showed drogue lost after only 12 days in the water.  We are concerned with the rapid loss of Technocean drifters, and will monitor this issue more closely in the Bay of Biscay study (see below).

With respect to SST, we found two problems with Pacific Gyre drifters: one had an offset of 0.450C with respect to its neighbors (confirmed not to be an error with the SST coefficients) … this offset was added to the GTS distribution to correct and avoid wrongful data dissemination; another drifter from Pacific Gyre had SST sensor failure after 30 days in the water.  Also one Metocean drifter’s SST failed five days after deployment.


As a subset of the 2008 ADB Comparison Study, five SVPB drifters each from three manufacturers (Clearwater, Pacific Gyre, and Technocean) have been chosen to evaluate the addition of strain gauge for drogue detection.  These drifters will be deployed in tight clusters in the Bay of Biscay. As well as testing the sensors, the GDP and Meteo France are taking this opportunity to examine other aspects of these drifters, such as barometer port sensors, SST values, battery life, signal strength, etc.

The results of these studies are intended to increase performance, longevity, and data quality, which will benefit the entire drifter community.

Finally, the GDP would like to reiterate the importance of the packaging of these drift buoys. Safety is a major concern for all who are involved in this project and every precautionary measure should be taken to ensure this point. One of the easiest ways to promote safety is to educate the individuals who are deploying and handling these instruments. Though a drift buoy is harmless, when it ends up in the hands of someone who has never seen one, we want them to know how to handle it. The way to educate people how to deploy (and handle) these instruments is to have detailed instructions that explain proper usage. Ideally, the GDP would like to see all buoys wrapped in clear plastic, contain detailed (colored) instructions on the outside of the wrapping and (colored) labels on water soluble tape that indicates the proper deployment techniques. It is the belief of the GDP that taking these measures will maximize safety.   
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6. Research efforts

In addition to composing a sustained part of the Global Ocean Observing System, drifters are a critical part of a number of ongoing research efforts.  Here we highlight some recent studies; many more are routinely cited in the scientific literature.  For a full list, see the GDP references at http://www.aoml.noaa.gov/phod/dac/gdp_biblio.html.

Global analysis of high frequency drifter motion

Since the introduction of multisatellite processing in January 2005, the mean temporal resolution of drifter data has decreased dramatically from its earlier values, now averaging slightly over one fix per hour.  This increase in temporal resolution allowed a global census of high-frequency (inertial and superinertial) motion (Elipot and Lumpkin, 2008).  The rotary (clockwise and counterclockwise) energy spectrum of hourly drifter velocity (Fig. 6.1) reveals the energy content in the anticyclonic inertial band and in semidiurnal and diurnal motion.  The energy content in the inertial band is much higher here than in analyses of kriged data at high latitudes, where kriging to ¼ day values removes much of the inertial variance.
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Fig. 6.1:  Clockwise (negative frequency) and counterclockwise (positive frequency) energy content in drifter velocities as a function of latitude, in the Pacific Ocean (from Elipot and Lumpkin, 2008).  The local inertial frequency is indicated by the solid curve, twice the inertial frequency by a dashed curve.  Diurnal and semidiurnal ridges of enhanced energy are seen at frequencies of ±1 and ±2 cycles per day.

Resolving these high-frequency motions has significant climate implications as wind energy input as near-inertial waves is one of the primary energy inputs to drive the observed stratification of the ocean via interior ocean mixing (Munk and Wunsch, 1998).  In another study (Chaigneu et al., 2008), the distribution of observed inertial energy (currents from drifters, mixed layer depths from Argo floats) was compared to predictions from a simple slab model (Fig. 6.2).  The dramatic disparity indicates that existing estimates of wind energy input may be significantly in error.

[image: image13.png]m2
= m2000

1000

0 GE 1206 I80°W 1200W  60'w . 0°




Fig. 6.2:  Observed (left) and simulated (right) energy in the inertial band (from Chaigneu et al., 2008).   

REFERENCES

Chaigneau, A., O. Pizarro, and W. Rojas, 2008: Global climatology of near-inertial current characteristics from Lagrangian observations, Geophys. Res. Lett., 35, L13603, doi:10.1029/2008GL034060.

Elipot, S. and R. Lumpkin, 2008: Geophys. Res. Lett., 35, L05606, doi:10.1029/ 2007GL032874.

Munk, W. H. and C. Wunsch, 1998: Abyssal Recipes II : Energetics of tidal and wind mixing. Deep-Sea Res., 45, 1978-2010. 

_1280917831.ppt


Colored, Detailed Instructions

Clear Plastic Wrap

Colored Labels on Water Soluble Tape 









UNKNOWN-0.unknown






