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1. Project Summary

The Surface Drifter Program is the Atlantic Oceanographic and Meteorological Laboratory’s
(AOML) contribution to NOAA'’s Global Drifter Program (GDP), a branch of NOAA’s
Integrated Ocean Observing System, Global Ocean Observing System (I0OOS/GOQS) and a
scientific project of the Data Buoy Cooperation Panel (DBCP). The primary goals of this project
are to maintain a global 5°x5° array of satellite-tracked surface drifting buoys to meet the need
for an accurate and globally dense set of in-situ observations transmitting in real time for weather
forecasting, and to provide a data processing system for the scientific use of these data that
support short-term (seasonal-to-interannual, “SI””) climate predictions as well as climate research.

AOML’s GDP responsibilities are to: (1) recruit ships and manage drifting buoy deployments
around the world using research ships, Volunteer Observation Ships and aircraft; (2) insure the
data is placed on the Global Telecommunications System (GTS) for real-time distribution to
meteorological services everywhere; (3) maintain metadata files describing each drifter
deployed, (4) quality control and interpolate the data (updated quarterly) and archive it at AOML
and at Canada’s Integrated Science Data Management (ISDM; formerly MEDS); (5) develop and
distribute data-based products; (6) maintain the GDP; and (7) maintain liaisons with individual
research programs that deploy drifters.

The drifters provide sea surface temperature (SST) and near surface currents. A subset of the
drifters also measures air pressure, winds, subsurface temperatures and salinities. These
observations are needed to calibrate SST and sea surface salinity observations from satellites,
initialize global S forecast models to improve prediction skill, and provide nowcasts of the
structure of global surface currents. The surface drifter array provides the largest area coverage
of all components of the global ocean observing system for surface temperature and currents,
with observations provided by the drifters at approximately hourly resolution. Secondary
objectives of this project are to use the resulting data to increase our understanding of the
dynamics of Sl variability and to perform model validation studies, in particular in the Atlantic
Ocean. Thus, this project addresses both operational and scientific goals of NOAA’s program for
building a sustained ocean observing system for climate. The data are made available in near-



real time on the Global Telecommunications System for weather forecasting efforts, and in
delayed mode (approximately three months, after quality control and interpolation) at the GDP
web page and (with an additional six months’ delay) at the data archive at ISDM.

2. Scientific and Observing System Accomplishments

The global drifter array became the first component of the 100S that reached completion, with
1250 active drifters in September 2005. Until FY 11, this number was maintained on average; in
FY11, drifters from two manufacturers (Technocean and Clearwater) exhibited abnormally short
lifetimes and by the end of FY11 the array size had rapidly dropped below the goal of 1250.
During FY12, as the GDP interacted with these manufacturers to diagnose manufacturing
problems and recall/repair/redeploy drifters, and drifters from two new manufacturers (DBi and
SIO) were built and deployed. In FY12, the array size dropped from its starting value of 1049
(3-Oct-2011) to a minimum of 875 on 15-Apr-2012. At that point, deployments (which had been
aggressively ramped up) began to outpace deaths and the array size began increasing at a mean
rate of 35—40 each month, to reach 1069 on 24-Sep-2012. In FY13, a record number of drifters
were deployed (1427 drifters deployed in the period 1-Oct-2012 to 30-Sep-2013), but death rates
increased dramatically through late 2012. The SIO component of the GDP, aided by analysis
from AOML’s component, worked aggressively to diagnose the cause of drifter deaths and
determined that two main problems were primarily responsible: (1) increased power
consumption associated with use of the Argos-3 system and/or inefficient GPS fixes, and (2)
decreased battery life due to problems with the alkaline batteries or with the battery packs. The
GDP issued revised recommendations based on this diagnosis. The current (14-Oct-2013) array
size is 1046 drifters.

2.1 Deliverables

The FY 13 work plan outlined the following deliverables:

1. medata files maintained that document information for each drifter deployed in
the global array. Information includes manufacturer, deployment time, and
deployment location, the “death’ location and time, and the time of drogue loss.
Status: Accomplished.

2. On a quarterly basis, the GDP’s drifter Data Assembly Center (DAC) will
produce a dataset of quality-controlled, evenly-interpolated drifter data of
research quality. This data set will be archived at AOML and at Canada’s
Integrated Science Data Management (formerly MEDS) for public access.
Status: Accomplished.

2. The DAC will continue to produce products derived from the drifter observations
including time-mean and seasonal maps of currents, animations of currents in
particular regions, and population reports. These products are publicly available
at http://www.aoml.noaa.gov/phod/dac/dacdata.html.

Status: Accomplished.

In FY13, all data deliverables were achieved. The data were made available in near-real time via
the Global Telecommunications System. Quality-controlled, evenly interpolated data were made
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available in delayed mode via the GDP web page approximately every three months, with a
three- to four-month delay (http://www.aoml.noaa.gov/phod/dac) and at Canada’s Integrated
Science Data Management (ISDM). Data are sent to ISDM at approximately six-month
intervals. The most recent quality-controlled data are available through 30 June 2013 and can be
accessed at http://www.aoml.noaa.gov/envids/gld/. Every year, AOML files a “Global Drifter
Program Report” on the statistics of survivability of power, drogues and sensors with the Data
Buoy Cooperation Panel (DBCP), which is available on the DBCP web site. The drifter data
management plan is described in the OceanObs’09 Community White Paper “Data Management
System for Drifting Buoys” by Keeley, Pazos and Bradshaw, available at
http://www.oceanobs09.net/blog/?p=225.

2.2 Analysis of the global drifter array size: deployments and deaths

During the fiscal year, the Surface Drifter Program coordinated worldwide deployments of 1427
drifters, an all-time high for the program. AOML managed observations from 2475 unique
drifters during FY13. Deployments for the four major manufacturers are shown in Table 1.

Manufacturer 2006 2007 2008 2009 2010 2011 2012 2013
Clearwater 430 469 390 355 445 259 409 39
DBi 0 0 0 0 0 4 158 149
Marlin-Yug 5 6 17 24 11 0 7 0
Metocean 67 219 143 216 199 219 146 22
Pacific Gyre 110 113 270 264 231 357 161 54
SIO 0 0 0 0 0 0 103 120
Technocean 286 274 175 279 394 252 29 11

Table 1: deployments per year by manufacturer. Values for 2013 are for Jan-June.
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Figsf 1: Global population of drifters near the end of FY13.
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A time series of the number of drifters in the global array is shown in Fig. 2. The GDP seeks to
maintain an annually averaged array size of 1250 drifters. Due to the shortened lifetimes
discussed above, and despite the record number of deployments in FY13, the mean size of the
array during FY13 was 990 with a standard deviation of 54.3, ranging from a minimum of 898 to
a maximum of 1087.
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Fig. 2. Size of global drifter array in regigﬁrrms. 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.

Drifter deaths are caused by “internal” reasons such as battery failures or hull leakage, and
“external” reasons such as running aground or being picked up. The odds that each drifter died
due to an external reason can be assessed for each drifter (Lumpkin et al., 2012). Table 2 shows
the number of “quit” drifters due to internal reasons for each major manufacturer, as a function
of calendar year, after eliminating all drifters which had a >25% chance that its death was due to
dying or running aground, and also deaths poleward of 55°N/S (as they could be due to ice
interaction). 2012 is not shown as that date is not completed. Values are shown as a percentage
of the number of drifters deployed that year; values much greater than 100 indicate many more
“quit” deaths than deployments that year.

Manufacturer 2006 2007 2008 2009 2010 2011 2012 2013
Clearwater 35% 63% 78% 67% 71% 95% 59% 282%
DBi N/A N/A N/A NA NA 25% 15% 28%
Marlin-Yug 0% 17% 13% 8% 36% N/A 43% N/A
Metocean 41% 28% 83% 38% 69% 69% 84% 150%
Pacific Gyre  57% 53% 36% 45% 59% 51% 164% 135%
SI0 N/A° N/A NA NA NA NA 21% 25%
Technocean  44% 39% 69% 43% 45% 115% 624% 436%




Table 2: anomalous “quit” deaths by manufacturer. Values for 2013 are for Jan-June.

Table 2 shows that there was an extremely dramatic increase in Technocean drifters quitting in
2011 compared to previous years, while the other manufacturers had “quit” rates closer to earlier
years. Table 3 lists the half-life of these “quit” drifters: values >450 days indicate that the
drifters met or exceeded the design goal. The decrease in half-life for Technocean drifters is
particularly dramatic compared to the large lifetimes of earlier years.

Manufacturer 2006 2007 2008 2009 2010 2011 2012
Clearwater 232 251 217 213 168 159 204
DBi N/A N/A N/A NA NA >324 >288
Marlin-Yug 849 635 856 634 >771 N/A >408
Metocean 384 402 456 445 274 221 184
Pacific Gyre 158 264 598 336 345 237 209
SI0 N/A  N/A N/A NA NA NA 186
Technocean 563 673 959 645 289 192 54

Table 3: drifter half-life by manufacturer. Values cannot be computed for the most recent year.
Values such as “>324” indicate that more than half are still alive with this minimum half-life.

Table 4 shows the percent of drifters that quit <90 days after being deployed. This was
calculated by dividing the number that anomalously “quit” 0—90 days after deployment, divided
by the number deployed in each year. These extremely short-lived drifters indicate recent major
manufacturing problems or, in individual cases, problems such as improper deployment from a
particular vessel.

Manufacturer2006 2007 2008 2009 2010 2011 2012
Clearwater 8% 7% 11% 11% 26% 27% 13%
DBI * * * * * 25% 9%

Marlin-Yug 0% 0% 6% 0% 18% * 14%
Metocean 4% 7% 5% 6% 5% 11% 18%
Pacific Gyre 21% 12% 12% 17% 4% 5% 8%
SIO * * * * * * 6%

Technocean 13% 9% 8% 4% 11% 32% 55%

Table 4: percent dying <90 days after deployment, by manufacturer.
2.3 Evaluating the ocean observing system for Sea Surface Velocity (SSV)

The GOOS includes an array of moored and drifting buoys that measure SST and near-surface
currents throughout the world’s oceans. The success of the GOOS in resolving surface currents
is evaluated by the project “Evaluating the Ocean Observing System: Sea Surface Velocity
(SSV)”, funded at $30,000 for FY13. This evaluation is motivated by the climate significance of
surface currents, which carry massive amounts of heat from the tropics to subpolar latitudes,
leading (and potentially improving prediction of) SST anomalies. Current anomalies can also be




an early indicator of phase shifts in the ENSO, NAO, and possibly other climate cycles. The
GOOS/GCOS (1999) report specified that the GOOS should resolve surface currents at 2 cm/s
accuracy, with one observation per month at a spatial resolution of 600 km. There is currently
no requirement for potential satellite bias in surface currents.

The goal of the SSV add-task is to maintain a quarterly “Observing System Status Report for
Surface Currents”, which evaluates how well the GOOS satisfied the GOOS/GCOS
requirements, and evaluate the evolution of the globally averaged potential satellite bias. Near-
real time drifter data is obtained at weekly resolution from the Global Drifter Program’s drifter
Data Assembly Center (DAC). The DAC identifies drifters which have run aground or been
picked up, and removes these from the data stream. The DAC separate maintains a metadata file
documenting the drogue-off date (date when each drifter lost its sea anchor). When a drifter has
lost its drogue, it is significantly affected by direct wind forcing and no longer satisfies the
GOOS/GCOS quality requirement for surface current measurement accuracy. We thus eliminate
drogue-off drifters from our analysis. Because of the recent reevaluation of drogue presence (see
section 2.5 of this report) which determined earlier drogue off dates for many drifters in the
historical data set, the assessment of the GOOS’s performance has become more pessimistic than
prior to this reevaluation.

Moored current measurements are collected by near-surface point acoustic meters on the
Tropical Atmosphere-Ocean (TAO)/TRITON array in the Pacific, the Prediction and Research
moored Array in the Tropical Atlantic (PIRATA), the sustained array of ATLAS moorings in the
tropical Indian Ocean (RAMA), the Kuroshio Extension Observatory (KEO) mooring at 32.3°N,
144.5°E and the PAPA mooring at 50°N, 145°W. Currents at daily resolution are downloaded
from the TAO Project Office at PMEL each quarter to quantify the number of observations at
each site, and the TAO office separately provides a record of days of observations per site, per
quarter.

The most recent SSV quarterly report (Fig. 4) presents the overall spatial coverage of surface
curent measurements for that quarter (top right), the spatial distribution of success at meeting
GOOS/GCOS requirements (bottom left, requirements stated in top left panel), and a time series
showing the month-by-month fraction of the world’s oceans that were measured at the resolution
and accuracy stated by these requirements (bottom right). Since 1995, the success of the GOOS
as hovered at 30—40% of complete global coverage. This curve has not increased with the
increase in the global drifter array size in 2003—2006, primarily because the phase-in of the less
expensive mini drifter design was associated with a sharp decrease in drogue lifetimes (Lumpkin
et al., 2012). Note that the recent uptick in coverage may be an artifact of drogue detection which
is conducted in delayed mode, and is reevaluated upon release of the quality-controlled GDP
data set on an approximately quarterly basis.

With support from the SSV project, PI Lumpkin worked with G. Johnson (NOAA/PMEL) to
generate a new surface current climatology at monthly and % degree resolution, using a
methodology that combines strengths of previous separate efforts by Lumpkin and Johnson.
Results were published in J. Geophys Res. (118 (6), 2992-3006, doi:10.1002/jgrc.20210) in
FY13. The climatology includes annual means, monthly means, the current component related
to the ENSO cycle, and the variance ellipses of residuals (eddy Kinetic energy) with respect to




these time-mean components. This project (SSV) also provided the support necessary for Pl R.
Lumpkin to generate the surface current climatology products in various formats and to offer
them on the GDP web page at http://www.aoml.noaa.gov/phod/dac/dac_meanvel.php.
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Fig. 4. GOOS performance for SSV measurements in the most recent quarter.

2.4 Drogue detection and lifetimes

While a drifter’s drogue is attached, it slips downwind at <1 cm/s in 10 m/s wind. Once the
drogue is lost, however, this increases by approximately a factor of 10 and wind forcing can
significantly contaminate drifter-derived currents. Drogue presence is detected by either a
submergence sensor, as the drogue frequently pulls the surface float underwater, or more directly

by a tether strain sensor at the tether/surface float connection.

As reported in earlier years’ reports, drogue detection was hampered for many years by
extremely noisy submergence values. Since the implementation of tether strain by all
manufacturers, the GDP has been able to assess drogue presence more reliably. These improved
drifters were deployed and represented a significant fraction of the global array by late 2008.
During this same period of transition, the fraction of drifters identified as “drogue on” fell from
around 70% to approximately 50% (see FY09 report). This indicated that a significant fraction
of drifters in the pre-2008 period were misdiagnosed as “drogue on”, when in fact they had lost
their drogues. Because drifters without drogues are more strongly affected by direct wind
forcing, misdiagnosis has the potential to bias ocean currents derived from drifters. This
problem was the subject of a three-year NOAA Climate Change Data and Detection-funded
project which started in 2010 (Principal Investigators Rick Lumpkin, NOAA/AOML, and Jim

Carton and Semyon Grodsky, Univ. Maryland) and concluded in 2012.
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The fraction of “drogue on” drifters (as evaluated by the GDP) that had actually lost their
drogues was estimated in Grodsky, Lumpkin and Carton (2011). In this paper, we compared the
downwind speed of “drogue on” drifters to (a) drifters which had lost their drogues, and (b)
“drogue on” drifters <90 days old, which were likely to still have their drogues attached. The
resulting ratio as a function of time dropped from ~100% in 1990—2004 to ~20% in 2006—
2007, and then climbed to ~80% by 2010 with the phase-in of the tether strain drifters. At the
2011 Data Buoy Cooperation Panel meeting, Marie-Helene Rio (CLS) presented a methodology
to evaluate when individual drifters lost their drogue, using results from Grodksy et al. (2011).
This methodology, with improvements by R. Lumpkin (Lumpkin et al., 2013), has been
implemented at AOML and was used in FY13 to conduct a systematic manual reevaluation of all
drogues in the post-altimeter time period.

With the ability to reassess drogue loss in the historical data set, we have conducted an
evaluation of drogue lifetime by manufacturer. As a function of calendar year, the half-lives of
drogues from the various manufacturers, in days, is given in Table 5.

Manufacturer 2006 2007 2008 2009 2010 2011 2012
Clearwater 61 72 101 104 95 84 >247
DBi * * * * * >288 >217
Marlin-Yug 197 152 72 57 167 * 0
Metocean 299 >373 269 224 77 89 >115
Pacific Gyre >282 210 200 241 248 >202 >183
SIO * * * * * * >98
Technocean 30 45 33 63 77 154 >62

Table 5: drogue half-lives (days), by manufacturer.

The fraction of drogues that were lost in 90 days or less is shown in Table 6.

Manufacturer 2006 2007 2008 2009 2010 2011 2012
Clearwater  61%  55%  36%  30%  36%  39%  14%
DBi * * * * * 250 9%

Marlin-Yug 0% 0%  41% 46% 36% * 43%
Metocean 18%  13% 17%  26%  40%  46%  35%
Pacific Gyre  28%  20%  23%  17% 10%  16%  25%
S I O * * * * * * 33%
Technocean  61%  65%  78%  53%  46%  27%  31%

Table 6: fraction of drifters with drogues loss 90 days or less after deployment.

The GDP is examining these results in the context of design changes, particularly tether material
and drogue attachment technique, so that recommendations to improve drogue lifetimes can be
issued to the manufacturers.

2.5 Salinity drifters

With the November 2009 (SMOS) and June 2011 (Aquarius) launches of satellite missions for
sea surface salinity, the demand for high spatial and temporal resolution sea surface salinity




(SSS) observations will be considerable. In parallel with these efforts, and seeking to better
understand the global hydrological cycle, the Salinity Processes in the Upper ocean Regional
Study (SPURS) field campaign in Boreal Autumn 2012 through 2013 focused on the processes
governing SSS variations in the subtropical North Atlantic.

Drifters are the ideal platform to fill a critical need for calibrating and validating satellite salinity
measurements. Because they follow water parcels in the mixed layer, their observations provide
an estimate of d(SSS)/dt, a valuable term in the mixed layer SSS budget. While Argo floats will
provide near-surface (5m deep) observations around the world, they do not stay at the surface
long enough to resolve diurnal and high-frequency/wavenumber changes in SSS. In addition,
significant salinity stratification in the upper ocean (e.g., regions of high rainfall and weak upper
ocean mixing such as the ITCZs) may limit the value of Argo salinity observations compared to
the ~20 cm depth measured by surface drifters in many regions.

Salinity drifters have been developed by several groups, including the Seacat-equipped salinity
drifters developed at Pacific Gyre purchased by Scripps’ component of the GDP. If
manufactured in quantities of 25-50 drifters, these instruments cost an additional $4.4k above the
cost of a basic drifter. These drifters have been assessed in deployments in the South China Sea
and in the Bay of Biscay, and upon recovery have demonstrated a sensor drift of no more than a
few hundredths of a psu (practical salinity unit) over eight months, well within the anticipated
accuracy of satellite SSS, O(0.5 psu instantaneous, 0.2 psu monthly mean). In a recent
evaluation of the Bay of Biscay deployments, Gilles Reverdin estimates the accuracy is within
0.1 psu for up to a year (Reverdin, pers. comm.). The longer-term accuracy, and performance in
tropical regions, remains uncertain and must be evaluated. 46 NOAA-CPO-funded SSS drifters
were deployed during the SPURS campaign (Pl Luca Centurioni).

AOML has begun serving salinity data files from the salinity drifters in delayed mode, with
updates corresponding to updates of the quality controlled, interpolated data set. The raw sensor
and position data files for all salinity-measuring drifters are available at
ftp://ftp.aoml.noaa.gov/phod/pub/buoydata/, in files p_salinity.dat and s_salinity.dat.

AOML has developed a quality control procedure based on Argo float observations of near-
surface salinity. Details of this code are described in the FY12 progress report.

AOML is also aware that a manuscript currently under revision (lead author Gilles Reverdin)
describes quality control procedures for drifter salinity data, including invaluable analysis of
drifters with two separate conductivity sensors to evaluate the signature of sensor fouling. The
procedures described in that manuscript are in some cases more strict than the ones developed at
AOML, i.e. recommending that data be rejected that would not have been by our present code.
We will await the results of peer review for this manuscript, and anticipate that we will update
our QC procedures to be consistent with Reverdin et al. (in revision).




2.6 Scientific advances

Lumpkin, R. and G. Johnson (J. Geophys. Res.-Oceans, 118 (6), 2992-3006,
doi:10.1002/jgrc.20210) derived a global climatology of monthly near-surface currents from the
drifter data, revealing their structure and dependence on the ENSO cycle at higher resolution
than available previously. The resulting products and additional documentation are available at
http://www.aoml.noaa.gov/phod/dac/dac_meanvel.php.

Lumpkin, R., S. Grodsky, M.-H. Rio, L. Centurioni, J. Carton and D. Lee (J. Atmos. Oceanic
Techn., 30 (2), 353—360, doi:10.1175/JTECH-D-12-00139.1) described a methodology to detect
drogue loss, applied it to the drifter data set, and demonstrated that the results remove spurious
low-frequency variations previously present in the data due to drogue detection problems. This
methodology was used to reevaluate drogue loss dates in FY13, and results are reflected in the
current GDP metadata files.

Lumpkin, R. and P. Flament (Oceanography, 26 (1), 58—65) described the structure and
seasonal evolution of the Hawaiian Lee Countercurrent using drifter data. Anomalies from
climatology revealed that a significant barotropic eddy-to-mean flux of energy acts to reinforce
this countercurrent which runs approximately from the dateline to immediately west of the Big
Island of Hawaii.

Beal, L., V. Hormann, R. Lumpkin and G. R. Foltz (J. Phys. Oceanogr., 43 (9), 2008-2022,
doi:10.1175/JCLI-D-13-00037.1) used drifter observations to characterize monsoon-driven
changes in surface circulation in the otherwise poorly-observed northeastern Indian Ocean.

Hormann, V., R. Lumpkin and R. C. Perez (J. Atmos. Oceanic Techn., 30, 1884-1895,
doi:10.1175/JTECH-D-12-00173.1) derived a generalized method for estimating the structure of
the equatorial Atlantic cold tongue and applied it to drifter observations to generate an estimate
of the cross-frontal velocity at the ocean surface.

2.7. FY13 Meetings
Pl R. Lumpkin attended the following meetings:

Data Buoy Cooperation Panel Meeting, October 2—6, Fremantle, Australia; presented GDP
report and results of drogue reanalysis (Lumpkin et al., 2013), attended working group
meetings, and coordinated GDP activities with international partners. Travel funded by
this project.

NSF workshop on inertial oscillations, November 7—9, Miami, FL; presented overview of
drifter observations and results of recent analyses. No travel funding required.

Ocean Tracks advisory board meeting, January 28—29, Monterey, CA; worked with Education
Development Center, Inc. members to incorporate drifter data into education-focused
interface. Travel supported by EDC.
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Workshop on modeling, observing, and assimilating submesoscale dynamics, April 2—4, Abu
Dhabi; presented observations of submesoscale dynamics by global drifter array. Travel
supported by the Center for Prototype Climate Modeling.

US CLIVAR Summit, July 8—11, Annapolis, MD; attended Phenomenon, Observation and
Synthesis (POS) panel meetings and discussions. Travel funded by NOAA/CPO via
direct BOP.

Data Buoy Cooperation Panel Meeting, September 23—27, Paris, France; presented US and
GDP reports and results of global and regional drifter analyses (Lumpkin and Johnson,
2013; Lumpkin and Flament, 2013; Beal et al., 2013), attended working group meetings,
and coordinated GDP activities with international partners. Travel funded by this project.

3. Outreach and Education

Pl R. Lumpkin worked with Dr. Diane Stanitski, Shaun Dolk, and members of Education
Development Center, Inc (EDI) to incorporate drifter data in the “Ocean Tracks” project. This
NSF-funded project seeks to streamline student access to and use of ocean data with
accompanying exercises of increasing difficulty.

R. Lumpkin served as a panel member on a Climate Science Café meeting in Miami, FL on 21
February 2013, sponsored by CLEO (http://www.cleoinstitute.org/). Lumpkin also served on the
Rosenstiel Award Committee (Univ. Miami) as an outside member, served on a Ph.D. thesis
committee for student Greta Leber (Lisa Beal, advisor), reviewed numerous manuscripts and
proposals, and collaborated with authors from NOAA'’s ClimateWatch Magazine for a recent
article on the value of drifter data (http://www.climate.gov/news-features/climate-tech/doing-
their-part-drifter-buoys-provide-ground-truth-climate-data).

4, Publications and Reports

Publications by Principal Investigators

FY14
Accepted/In Press

Fox-Kemper, B., R. Lumpkin and F. Bryan: Lateral Transport in the Ocean. Chapter 3.5 of
"Ocean Circulation and Climate, 2nd Ed. A 21st century perspective”, ed. G. Siedler, S.
Griffies, J. Gould and J. Church, Academic Press.

Le Heénaff, M., V. H. Kourafalou, R. Dussurget and R. Lumpkin: Cyclonic activity in the eastern
Gulf of Mexico: characterization from along-track altimetry and in situ drifter
trajectories. Progress in Oceanogr., in press, doi:10.1016/j.pocean.2013.08.002.

Maximenko, N., R. Lumpkin and L. Centurioni: Ocean Surface Circulation. Chapter 4.2 of
"Ocean Circulation and Climate, 2nd Ed. A 21st century perspective”, ed. G. Siedler, S.
Griffies, J. Gould and J. Church, Academic Press.
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Perez, R., V. Hormann, R. Lumpkin, P. Brandt, W. E. Johns, F. Hernandez, C. Schmid and B.
Bourles: Mean meridional currents in the central and eastern equatorial Atlantic. Climate
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