
10ºN

10ºS

140ºE

BUOYS DOWN IN THE PACIFIC OCEAN
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Many buoys in the Tropical Atmosphere Ocean array are not functioning

in the eastern Pacific — where data are needed for El Niño forecasting. 

Operational buoys Damaged or missing buoys

More than half a dozen oceanographic buoys 
are missing in action in the eastern Pacific 
Ocean. The US National Oceanic and Atmos-
pheric Administration (NOAA) has dispatched 
a ship to fix the malfunctioning buoys, which 
are part of the 55-strong Tropical Atmosphere 
Ocean (TAO) array that monitors the ocean and 
atmosphere. 

But the data void has left climate modellers 
uncertain about the strength of this winter’s 
El Niño — which occurs when warm waters 
shift east across the Pacific, bringing rain and 
extreme weather.

Fishermen, storms and boat collisions often 
knock buoys in this region out of commission. 
The upcoming El Niño adds “more urgency 
than usual”, says Arun Kumar, branch chief at 
NOAA’s Climate Prediction Center in Camp 
Springs, Maryland. 

Among other things, the TAO array tracks 
the 20° C thermocline, a boundary between 
warm surface and cool deep waters that ranges 
from about 140 metres deep in the western 
Pacific to 40 metres deep in the eastern Pacific. 
Shifts up and down in the thermocline’s loca-
tion can indicate the magnitude of an incipi-
ent El Niño or a La Niña, the cold phase of the 
climate oscillation. 

Because changes to the thermocline are 
more pronounced in the shallower waters of 
the eastern Pacific, the buoys there provide “an 
important chunk of data from a region where 
the signals tend to be very large during El Niño 
and where the models depend on the data to 
forecast accurately”, says Michael McPhaden, 
an oceanographer at NOAA’s Pacific Marine 
Environmental Laboratory in Seattle, Wash-
ington. “We are at a critical point in El Niño 
— everyone realizes we have to get those buoys 
up and working.”

The two lines of buoys in the fish-rich region 
of the eastern Pacific have a 
history of being tinkered with, 
and for each of the past four 
major El Niño events, there 
have been at least five missing. 
“But 2009 is exceptional,” says 
McPhaden.

Some of the closest buoys 
are about a week’s sail from 
the coast. Fishermen often tie 
up to a buoy and drag it off to 
the side, then sweep their nets 
through the water to catch the 

fish that gather there. Past repair trips have 
found sliced mooring lines, fishing nets tan-
gled on the instruments and bullet holes on the 
buoys themselves — and sometimes, no buoys 
left at all, says Shannon McArthur, the TAO 
project manager at the National Data Buoy 
Center in Mississippi.

In one instance, a buoy stopped transmit-
ting temperature and other data, but it contin-
ued to relay its position — allowing scientists 
to watch as it drifted for a day, then took off 
at high speed to land at Puntarenas, Costa 

Rica, probably taken aboard a ship. McArthur 
will describe this and other details of buoy 
vandal ism at the Oceans ’09 meeting in Biloxi, 
Mississippi, from 26 to 29 October.

Half of the 14 TAO buoys that are strung 
along two mooring lines, along the longitudes 
of 95° west and 110° west, have stopped trans-
mitting in the past eight months. The research 
vessel Wecoma set off on 4 September from 
Newport, Oregon, to fix them — a job that 
could take a month. The cost of replacing or 
fixing buoys depends on their location and 
how much monitoring equipment they carry, 
says McArthur. NOAA spends an estimated 
US$1 million each year to repair the array. 

And although lines of buoys are scheduled 
for maintenance every six months, this year 
the swathe in the eastern Pacific slipped two 
months behind that schedule. McArthur says 
that repairs aren’t late, but that financial and 
other logistical concerns can sometimes affect 
scheduled maintenance. A NOAA effort is 
under way to calculate costs for the buoy-oper-
ating community at large, he says, but it’s dif-
ficult to quantify vandalism’s impact on data.

Meanwhile, forecasters are scrambling 
to work out how the missing data will affect 
their El Niño predictions. In August, NOAA 
predicted a mild El Niño this autumn that will 
strengthen through the winter, but other mod-
els forecast a more extreme event. 

“Because of the missing moorings, the fore-
casting system must now rely more heavily on 
the other observing systems,” says Magdalena 
Balmaseda, a senior scientist at the European 
Centre for Medium-Range Weather Forecasts 
in Reading, UK, who has published on the lack 
of redundancy in data-collecting systems in 
the Pacific (M. Balmaseda and D. Anderson 
Geophys. Res. Lett. 36, L01701; 2009). 

For now, forecasters are patching in data 
from buoys farther to the west 
to try to improve predictions in 
the eastern Pacific. Balmaseda 
says that the data problem 
can be worse when altimeter 
instruments aboard satellites 
stop working, as happened 
in August 2008. For now, she 
says, “we still have hope”.  ■

Naomi Lubick

See News & Views, page 481, and 
Letters, page 511.

Buoy damage blurs El Niño forecasts
Missing data from the eastern Pacific Ocean may hinder predictions of this year’s event.

The buoy array needs regular maintenance.

N
O

A
A

 N
A

T
IO

N
A

L
 D

A
T

A
 B

U
O

Y
 C

E
N

T
E

R

455

Vol 461|24 September 2009

NEWS

455 News MH CNS.indd   455455 News MH CNS.indd   455 22/9/09   12:02:3422/9/09   12:02:34

© 2009 Macmillan Publishers Limited. All rights reserved



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


