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The drifter

Spherical surface float

Polar Operational

i Polyurethane impregnated tether

g
surface
foat

Holey Sock nylon drogue centered at 15-m depth
D-cells batteries inside the float
Sensors:

Drogue: drogue detection by submergence or

Holey-sock tether strain sensor
drogue _
(sea anchor) Thermistor: measure SST

Voltage: Indicates batteries’ life

Cost: ~$1400
Other Sensors that can be added:

Barometric pressure, wind, subsurface
temperatures, salinity




Data transmission

Transmission via satellite (Argos or Iridium).
Argos: position determined from Doppler shift, accuracy ~500m.
Iridium: position from GPS.

Frequency: ~hourly.

Lifetime

Transmitter average lifetime: 450 days.
Longest on record: 10 years, 4 months, 21 days.
Drogue average lifetime: 300 days (goal).

Death reasons: “quit transmitting”, ran aground, picked up.



NOAA'’s Global Drifter Program: a branch of the Global
Ocean Observing System (GOOS) and Global Climate Observing
System (GCOS) and a scientific project of the Data Buoy
Cooperation Panel (DBCP).

Objectives:

Maintain a global 5°x5° array of satellite-tracked Lagrangian
surface drifting buoys to meet the need for an accurate and
globally dense set of surface ocean observations;

Provide 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 funded by NOAA'’s Climate Program Office; we rely
on partnerships with meteorological agencies to upgrade a number
of drifters to include barometers.




GDP web page:
www.aoml.noaa.gov/phod/dac/gdp.html

The Global Drifter Program

Satellite-tracked surface drifting buoys
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Global Ocean Observations

The Global Drifter Program

Satellite-tracked surface drifting buoy observations of currents, sea surface temperature, atmospheric pressure,
winds and salinity. More information ...
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QC Examples

Drifter 14176 cleaned and interpolated file

After editing and interpolation procedures have been applied
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QC Examples

Sea Surface Temperature: bad values removed
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QC Examples

Determining drogue off time
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“drogue loss”
(sharp drop to zero when drifter is picked up).
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STATUS OF GLOBAL DRIFTER ARRAY
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STATUS OF GLOBAL DRIFTER ARRAY
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STATUS OF GLOBAL DRIFTER ARRAY
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STATUS OF GLOBAL DRIFTER ARRAY
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STATUS OF GLOBAL DRIFTER ARRAY
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STATUS OF GLOBAL DRIFTER ARRAY
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STATUS OF GLOBAL DRIFTER ARRAY
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STATUS OF GLOBAL DRIFTER ARRAY
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number of drifters

Size of the array vs. time
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Spatial coverage of SST observations

Ships
1 Jun 20086 to 30 Jdun 2006
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Zhang et al., 2009



Equivalent buoy density (EBD)

Averaged Monthly EBD: JAN2002-DEC2002
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' A combined ship-buoy density, Equivalent Buoy

Density, is thus defined as

H
EBD =n, +—,
7

where n, and n_are the independent number of
observations from buoys and ships, respectively.

EBD>2 in a 10° box
means potential satellite
bias error <0.5°C
compared to a maximum
of 2°C.

Large improvement in
SO primarily due to
drifters
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Reduction In potential satellite bias error

Potential Satellite Bias Error
0.8
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Climate research example

Lumpkin and Garzoli (in press): combine
drifter velocity with satellite observations
to track long-term changes in
Brazil/Malvinas Confluence.
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Requirements

Maintain a global array of 1250 drifters at ~5°x5°, in
collaboration with numerous national and international partners.
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Drifter deployments
arranged from:

Research Vessels

eAlrcraft




Global Drifter Program Deployments
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2010 Deployment highlights

« 35 across the Pacific Ocean during DART servicing cruise.

» 17 in the central Gulf of Guinea from the R/V Ronald H. Brown,
CLIVAR line Al13.

» ~40 drifters in the western Indian Ocean and 15 in the Gulf of Guinea from
various US Navy vessels, as part of the “African Partnership
Station II” program.

» 10 from the Argo-chartered Kaharoa along 45°S, from 86—141°E.

« 36 from the R/Vs Walton Smith and Nancy Foster to monitor ocean
currents in the Gulf of Mexico, in support of NOAA'’s response to the
Deepwater Horizon oil spill.




Information
Data and Products

Operations

Deployments by year

e +— DIIftEr Deployment Log

Deployment instructions

Deployment log form

ID MO DIep date Lat Long Ship Manufacturer Type Prom
62378 13920 22007 05 19 20 26.00 025 00,47 RONALD EBROWH IPacific Gy SVP3 6129
Co 71112 13634 ZzZ007 05 19 20 29.6N 023 04,00 ROMNALD EBREOWN IMetocean SVEP3 6129
71171 0 2007 05 19 00 00.1M 036 12.47 JOSEPHINE MAERSE !'Metocean SVEP3 6129
62592 13607 2007 05 15 14 00,3 023 00,00 ROMNALD EROWH I'Pacific Gy 3VP3 6129
B2375 13633 2007 05 14 11 28.7N 023 00,07 ROMNALD EBROWH IPacific Gy SVP3 6129
E32E69 0 2007 05 14 09 16.03 006 22.8E ATLANTIC ACTION M learwater SWVEP3 7325
63915 71697 2007 05 14 60 02 5 063 Z20.1W LM GOULD ITechnocean SWPEDE 7325
63920 33654 2007 05 14 59 00.23 063 45.0W LM GOULD ITechnocean SWPEDZ 7325
7z184 13636 2007 05 14 11 28.7M 023 0O0.0W ROMNALD EBROWHN IPacific Gy SWVPEDZ 6129
36le4d 17656 2007 05 13 37 07 3 012 03.1W Tristan 'Technocean SWVPEDZ 9325
L4355 15603 2007 05 13 05 OO 3 004 33,.3E ATLANTIC ACTION IClearwater SVP3 Q325
5og38 43538 2007 05 13 29 34.5N 128 Z5.1W EEXZPLORER IPacific Gy SVP3 8325
59563 43539 2007 05 13 29 558.6N 127 00.0W EZPLORER IPacific Gy SVEP3 8325
5ag9z S1630 2007 05 13 29 09.1W 130 00.0W EZPLORER IPacific Gy SVEP3 8325
E2554 13921 2007 05 13 10 00 I 023 00,07 ROMNALD EROWL ITacific Gy SVP3 6129
E2249 15601 Z007 05 12 01 00 23 002 52.0E ATLAWNTIC ACTIOHN IClearwater SVP3 6129
BE2885 13922 2007 05 12 06 OO0 I 023 00,00 ROMNALD EBROWH IPacific Gy SVP3 6129
BZE91 13924 ZzZ007 05 12 08 00.41 022 52.00 ROMNALD EBROWN IPacific Gy SVEP3 6129
BZE95 13926 2007 05 12 07 05.4N 023 0O0.0W ROMNALD EBROWHN IPacific Gy SVEP3 6129
62501 13929 2007 05 12 08 00,4 022 59,00 ROMNALD EROWH I'Pacific Gy 3VP3 6129
B28852 13925 2007 05 11 04 03,51 022 59,00 ROMNALD EBROWH IPacific Gy SVP3 6129

71170 0 2007 05 11 03 00 N 001 10.5E ATLANTIC ACTION Metocean 3VFP3 6lz9



Directory file

> Detalls of all drifters in database

Information
Data and Products

Cperations

Interpolated Database
TS Database
Altimeter & GTS Mear Real Time

Details of all drifters in DAC
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Challenges

drifter days per square degree

200
180
160
_'] r 1140
- 1120
1100

150°W 100°W 50°W 0° 50°E 100°E 150°E

The GDP is not funded to charter vessels — we rely on ships of opportunity and research
cruises. Reliance on other components of the ocean observing system (SOOP, XBTs,
tropical moored array, Argo, etc.).



Methods

A drifter weighs about 44 Ibs
(20kg) and i1s about 16” high
and 25” across.

paper tape:
DO NOT REMOVE!!

Surface float

It is designed to be simple to
deploy, by a single person,
from the lowest possible deck
(preferably less than 10 meters
Including heave) near the
stern. The ship may be
traveling between 2 and 25
knots.




Methods
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Methods: how to deploy

1. Remove plastic wrap.




Methods: how to deploy

1. Remove plastic wrap.

2. Record 5-digit ID
number (for deployment
report).




Methods how to deploy

1. Remove plastic wrap.

2. Record 5-digit ID
number (for deployment
report).

3. Throw drifter in water.




Methods: how to deploy

mample log sheet

1N Date Time (5T Latitude Longitude
zxzzz  mmiddfyy hhimm DD mm. mm I3 DD mm. mm EW

i i : _

4. Fill out deployment
report and sent to
NOAA/AOML (e-mail
address given in
Instructions
accompanying drifter).



Tether and drogue
secured with paper tape
that will dissolve in water

3 Md‘r"}
R

g ¥

Drogue stretches
vertically, when
tape dissolves

Drogue starts sinking
minutes after deployment

- _- -




Safety Measures

Paper tape Is used to secure

e o WARNING!

prominently displayed on

the tape and in the
deployment instructions. A
In high wind, an unfurled :
drogue can become a kite,
becoming a potential
hazard. An unfurled tether

can be compromised
(kinked) and can become DO NOT REMOVE!

entangled.




experimental drifters

Sonic Minimet Drifter ) ) )
Sonic T-Chain Drifter

ﬁ\ Salinity drifter
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2011: goals and plans for the GDP

Deploy ~1000 drifters from commercial vessels and research ships.

MAINTAIN 1250 drifters at a nominal resolution of 5° x 5°.

Continue to update quality-controlled interpolated database.

Evaluate performance of various manufacturers’ drifters.

Continue to participate in Data Buoy Cooperation Panel activities and projects.
Continue to evaluate array evolution, drogue presence and drogue lifetime.

Prepare for large-scale deployments of salinity-measuring drifters.




Our appreciation to the following partners for their
contributions to GDP activities

NOAA'’s Voluntary Observation Ships, Ships of Opportunity, and
National Marine Fisheries Service programs

Argo program

International Ice Patrol

Institut de Recherche pour le Développement;
Météo-France (France)

Leibniz-Institut flir Meereswissenschaften an der Universitat Kiel
(Germany)

New Zealand Met. Service

Australian Bureau of Meteorology

Fundagdo Universidade Federal do Rio Grande; Instituto Nacional de
Metereologia; Centro de Hydrografia de Marinha; INPE (Nacional
Space Institute); Brazilian Navy; Brazilian Naval Directorate of
Hydrography and Navigation (Brazil)

Fisheries Research Institute; Servicio de Hidrografia Naval (Argentina)

Instituto Canario de Ciencias Marinas; Universidad de Las Palmas de
Gran Canaria (Spain)

Instituto Nazionale di Oceanografia e di Geofisica Sperimentale (Italy)

National Institute of Oceanography; National Institute of Ocean
Technology (India)

Institute of Hydrological and Oceanic Services (Taiwan)

Centro de Investigacion Cientifica y de Educacion Superior de
Ensenada (Mexico)

Korean Oceanographic Research and Dvelopment Institute,
National Oceanographic Research Institute; Ministry of
Maritime Affairs and Fisheries (Korea)

Instituto del Mar del Peru

Tristan da Cunha Administration, Tristan Island

United Kingdom Met Office

Fisheries Department of Falkland Islands

Environment Canada

University of Cape Town; South African Weather Service (South
Africa)

Scripps Institution of Oceanography, Woods Hole
Oceanographic Institution, Oregon State University,
Marine Resources Research Institute, NOAA/Pacific
Marine Environmental Laboratory, NOAA/National Data
Buoy Center (United States of America)

United States Air Force

US Naval Oceanographic Office

United States Coast Guard

Raytheon Polar Services






Extra slides



Metadata

Metadata describes the characteristics of the data. The drifter metadata describes:
Argos ID number
GDP unique ID
WMO number
Program number
Contact Information
Deployment time, latitude and longitude
Manufacturer
Buoy type
Drogue type, length, and brief description of its characteristics
Sensors transfer functions
Track inventory of drifters, both in storage and in transit

Metadata helps share reliable information, and maintain homogeneity of the database

Without METADATA no data set i1s complete




Metadata

Drifter metadata inclues:
Argos or Iridium ID (transmitter) number
GDP unique ID
WMO number
Program number
Contact Information
Deployment time, latitude and longitude
Manufacturer
Buoy type
Drogue type, length, and brief description of its characteristics
Sensors transfer functions
Track inventory of drifters, both in storage and in transit



Information

Data and Products

Operations

Deployments by year

Drifter deployment log G

Deployment instructions

Deployment log form

(]

Sample Drifter
Deployment Log
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Ship

BOMNALD EBROWHN
BOMALD BROWHN
JOSEFHINE MAERSE
BONALD EBROWHN
BOMNALD EBROWHN
ATLANTIC ACTION
LM GOULD

LM GOULD

BOMALD BROWHN
Tristan
ATLANTIC ACTION
EXFPLORER
EXFPLORER
EXFPLORER

BOMNALD EBROWHN
ATLANTIC ACTION
BOMNALD EBROWHN
BOMALD BROWHN
BOMALD BROWHN
BONALD EBROWHN
BOMNALD EBROWHN
ATLANTIC ACTION

Manufacturer

'Pacific Gy
IMetocean

IMetocean

IPacific oy
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I'Technocean
I'Technocean
'Pacific Gy
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Sample Specification Sheet

Manufacturers are required to send DAC specification sheets
Argos ID(s) 70850-70857

Manufacturer
Technocean

Sensor array
SVPB Battery voltage, drogue sensor,
SST, barometer

Surface float description
41 cm. diameter, ABS plastic surface float.

Tether description

a) 0.32 cm OD polypropylene-impregnated
wire rope between surface

float and drogue.

b) Tether attachment to 2.0 cm steel ring at
base of surface float;

marine epoxy filled cavity surrounding ring for
restraint.

c) 5 cm dia. by 32 cm long polyurethane
strain relief molded below

surface float. Attachment point of tether to
drogue hub covered by 5 cm

dia. by 32 cm long polyurethane strain relief.

Drogue description

a) Holey sock made from Cordura nylon cloth;
diameter 61 cms, length 610

cms. construction consists of 5 cylindrical
sections, each 122 cms long. Two

30 cm dia. holes cut opposite each other in each
section. Axis joining holes

Is rotated by 90° between successive sections.
Drogue is centered at 15 m.

Drogue depth

15 m at center

Drogue length

6.1 meters

Message Length

56 bits

Message format

8 bits Checksum

4 bits Rank

6 bits Age

11 bits Barometric pressure
9 bits Sea surface temperature
9 bits Air pressure tendency
6 bits Submergence count
3 bits Battery voltage



Delayed Mode
Quality Control
Procedures




Ouality Control Steps

Drifter data is downloaded from Argos daily and also
received at AOML once a month on CDs

Convert raw data into engineering units and add to
individual B-file by ID

Determine deployment time and position of first good
transmission from the water

Run programs that identify buoys that are dead:

a) Transmit from the same location after a successful

deployment (grounded)

b) Do not have any new data after last update (quit)

Such dates and positions are entered into the
DIRECTORY file



Quality Control Steps

(Continuation)

o Software are run to check bad locations from ARGQOS raw
data based on speed between consecutive locations, bad points are
deleted (P-files)

 Deviant SST values are removed by applying a temperature
change criterion relative to the recent temperatures measured by
the buoy (S-files)

o SST’s from each drifter are compared with Reynold’s
climatology to determine temperature sensor failure, last good
day is entered into the TMPFL file. SST after this date will be
discarded

* \We decode, archive and handle GTS data transmissions and
deletions of other sensor data like pressure and wind, but NO
guality control is applied to them



Quality Control Steps (Continuation)

* Buoys that possibly lost their drogues are identified.
Drogue lost date is determined and entered in the
DIRECTORY file

o All active buoys are processed and interpolated to 6 hour intervals,
using the Kriging method

P (position edited) file + S (SST edited) file = K (interpolated) file
Refer to paper by Hansen and Poulain for details on the Editing and
Kriging procedures:
Hansen, D.V. and P.-Marie Poulain, 1996. Quality Control and
Interpolations of WOCE/TOGA Drifter Data. J. Atomos. Oceanic Tec., 13,
900-909

» Kriged drifter data can be accessed through the WEB

WWW.AOML.NOAA.GOV/PHOD/DAC/DACDATA.HTML
> Interpolated database

o Database is updated every 2-3 months and sent to MEDS for

distribution and archival



Latitude

QC Examples

Drifter 14176 raw file
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Latitude

Latitude

1140ct-2000,

Drifter 14176 cleaned and interpolated file

After editing and interpolation procedures have been applied
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QC Examples

Determining drogue off time
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Typical submergence record for Technocean

“drogue loss”
(sharp drop to zero when drifter is picked up).



QC Examples

Compare SST with Reynold’s Climatology
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