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• up to 22,000 km2

• 4 - 5 m nearshore to 35 - 45 m offshore
• 0.5 km nearshore to 100+ km offshore
• widespread and severe in Jun – Sep

Source: N. Rabalais, LUMCON

21 – 28 July 2007 Bottom-Water Hypoxia
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(Goolsby et al., 1999, Rabalais 2002)



Effects are more far reaching
than suspended sediment plume, 

esp. N & somewhat P

New Orleans

dominant wind direction

Mississippi River

Atchafalaya River

Hypoxic Area *

N. Rabalais, LUMCON



Brown Shrimp • Significant fisheries resources at risk
• Altered migration
• Reduced habitat
• Changes in food resources
• Susceptibility of early life stages
• Growth & reproduction

The “Dead Zone” is ……. not completely ‘dead.’

O2> 2 mg/l



River N load is main long-term driver of hypoxia
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Predicting Hypoxia in summer
(nitrate flux in May, year)

Turner et al. 2006



Turner et al., 2008

More than 15 million new acres of farmland 
were devoted to corn in 2007 than in 2006



Nitrogen Inputs to Mississippi Watershed

Goolsby et al., 1999



DISCHARGE

TP
Ortho-P

TN
Nitrate

Silicate

Turner et al. 2007

300% increase in N load
80% due to NO3

- concentration ↑
20% due to discharge ↑



More Nutrients >>> 
More Phytoplankton >>> 

More Carbon Reaches the Bottom >>>
More Oxygen Consumed >>>

More Hypoxia
Verification from Paleoindicators

Photo: N. Rabalais, LUMCON

Turner et al., 2008



Nutrients Delivered to GoMx

http://water.usgs.gov/nawqa/sparrow/gulf_findings/Alexander et al. 2008 &



State Shares

Alexander et al. 2008 &
http://water.usgs.gov/nawqa/sparrow/
gulf_findings/

Times-Picayune
New Orleans, LA

“The Nutrient Nine”
Friday, February 01, 2008



Reduce Nitrogen
Farm N management 

1,400 - 1,900
Alt. crop systems
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Wetlands
300

Riparian Buffers 
300

Coastal Diversion
50

(1000 MT/yr)

Tertiary treatment 
(point sources)
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N. Rabalais, LUMCON



GOALS
Coastal. By 2015, reduce hypoxia below 

5,000 km2 (over a 5-yr running 
average).

Basin.  Restore and protect the waters of 
Basin States and Tribes.  

Communities.  Improve social and 
economic conditions in the Basin.

- Estimated N reduction required: 

- 30% at time of Action Plan, 35 to 45% 
currently

- Voluntary actions, incentives, 
education

AND. . . . .

Hypoxia in the Northern Gulf of 
MexicoAn Update by the EPA Science Advisory Board

Coastal Goal Supported



AND. . . . .

Hypoxia in the Northern Gulf of 
MexicoAn Update by the EPA Science Advisory Board

Coastal Goal Supported

Supports and Strengthens the Science

• N loading drives timing and extent of hypoxia

• P loads significant in watershed and Gulf of Mexico

• HAP recommends dual N & P reduction strategy



• Upper MSR and Ohio-TN sub-basins account for the 84% nitrate-N 
and 64% total P flux to Gulf

• Tile-drained, corn-soybean landscapes very N leaky    

• The HAP recommends targeting the tile-drained Corn Belt region of 
the MARB for N and P reductions in both surface and sub-surface 
waters. 

Yikes!

? ? ? ? ? HOW ? ? ? ? ?
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FY 2009 OPERATING PLAN
A COMPILATION OF ACTIONS TO IMPLEMENT 

THE GULF HYPOXIA ACTION PLAN 2008



National Research Council 
2008

.

The Mississippi River is an ‘orphan’ from a 
water quality monitoring and assessment 
perspective.

EPA has failed to use its Clean Water Act 
authorities to provide adequate interstate 
coordination and oversight of state water 
quality activities.

EPA should develop water quality criteria for 
nutrients in the Mississippi River and in the 
northern Gulf of Mexico.

EPA should ensure that states establish water 
quality standards and TMDLs such that they 
protect water quality. 

EPA should develop a federal TMDL, or its 
functional equivalent, for the Mississippi River 
and the northern Gulf of Mexico.



TARGET ACTIONS IN PRIORITY WATERSHEDS
EPA and the U.S. Dept. of Agriculture should direct conservation programs and other nutrient 
management resources to priority Mississippi River basin watersheds with higher levels of 
nutrient loadings.

A NUTRIENT CONTROL IMPLEMENTATION INITIATIVE (NCII)
Implement and test a network of nutrient control pilot projects. Should identify a select group 
of Mississippi River basin priority watersheds for initial actions. 

NUTRIENT  LOADING CAPS
EPA, USDA and basin states set nutrient load reduction goals, target, adopt an allocation that 
balances equity and cost-effectiveness considerations

MONITOR THE EFFECTIVENESS IN WATERSHED & GULF OF MEXICO

National Research Council 2009

ESTABLISH A MISSISSIPPI RIVER BASIN WATER QUALITY CENTER  



The Future
Climate Change 

Biofuels
Increased Population

Increased Agribusiness
Increased Atmospheric 

Deposition



Anthropogenic activities
nutrients/altered hydrology

Vertical carbon flux

Nutrient-enhanced
productivity

Physical environment
(Stratification)

(Oxygen saturation)
(Metabolic rate increase)

(Tropical storms & hurricanes)

River
nutrient fluxes

Enhanced 
hydrologic cycle

Increased 
temperatures

Bottom-water
hypoxia

Climate variability
Climate change

Sedimentary carbon
and nutrient pools

Sea level
rise

Harmful & 
noxious

algal blooms

Winds

Affected Processes

Rabalais et al. 2009



“Thanks”
to all contributors and funding agencies

BIO2

http://www.gulfhypoxia.net

Nancy


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24


<<

  /ASCII85EncodePages false

  /AllowPSXObjects true

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Gray Gamma 2.2)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 1.30000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorConversionStrategy /UseDeviceIndependentColor

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 1.30000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 100

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 100

  /ColorSettingsFile ()

  /CompatibilityLevel 1.5

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

  >>

  /DetectBlends true

  /DetectCurves 0.10000

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 1.30000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      2

      1

      1

      2

    ]

    /QFactor 1.30000

    /VSamples [

      2

      1

      1

      2

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 150

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 150

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 10

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 10

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 10

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 10

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 300

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /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

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks true

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing false

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile ()

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo false

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Remove

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [612.000 792.000]

>> setpagedevice



