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Executive Summary 
 
Stratification of the ocean can be thought of as the vertical structuring of the 
water column by density. The density of seawater is primarily controlled by its 
temperature and salinity, thus stratification can be a combination of thermal 
(warmer water above cooler water) and saline (fresher water above saltier 
water). In simple terms the water column in any location is either mixed or 
stratified and whether it is one or the other has profound impacts on the 
ecosystem. However, whilst temperature and salinity are standard 
oceanographic parameters there are few long-term studies or time-series 
observations of changes to stratification in the shelf seas around the UK.    
 
Stratification is of direct importance to the climate at the global scale (the 
thermohaline circulation is essentially a vertical circulation driven by changes in 
density and mixing) and at the regional scale (for example heat stored in the 
stratified upper layers of the north Atlantic during summer is extracted by winter 
wind (Ellett, 1993)). Productivity in the oceans is affected by stratification, some 
of the most productive ecosystems around the world are located where nutrients 
from deep in the ocean are brought to the surface through upwelling – essentially 
a local reduction in the strength of stratification between coastal and deep-ocean.   
 
In a similar way, stratification in the shelf seas around the UK has the potential to 
impact on processes in the ecosystem. In the shallow waters (<200 m deep) of 
the shelf seas around the UK the stratification of the water column is controlled 
by mixing from the bottom (tidal) and top (wind and convection) balanced by the 
stratifying influence of heating or freshwater input from the surface. Within UK 
waters there are areas that remain mixed all year round and others that stratify 
each summer, with marginal conditions at the boundaries between the two 
(Pingree & Griffiths,1978). These areas are fairly well defined as the strength of 
tidal currents and bathymetry provide a constant constraint on top of which the 
variable atmospheric forcing of wind and heating/cooling can act. Varying 
stratification through the UK shelf seas is thought to be important for a wide 
range of processes in the ecosystem, for example – contrasts in density can 
drive the circulation of the seas themselves affecting the transport pathways for 
contaminants and biology (e.g. Hill et al., 1996; Raine et al., 1998); plankton 
species composition is different in well-mixed and stratified regimes and 
consequently some toxic harmful algal blooms only occur in stratified water (e.g. 
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Tett et al., 2003); the supply of nutrients through the water column can be 
inhibited by stratification; and oxygen levels can be reduced in water that is 
isolated from ventilation at the surface (Karlson et al., 2002). 
 
There are few modelling studies of long-term change in stratification of the UK 
shelf seas and the future scenarios within UKCIP02 (Hulme et al., 2002) only 
assessed surface ocean variables. A hindcast model study of the Irish Sea by 
Young and Holt (2006) forced a 3D model at high resolution with atmospheric 
conditions from the period 1950-1999. They found that the location of 
stratification stay broadly the same between ‘warm’ and ‘cold’ years but there is 
significant interannual variability in the timing and strength of thermal 
stratification. A significant trend towards later occurrence of the peak of the 
stratification cycle was also identified but the cause of this trend is not explained.  
 
 
We have not considered the estuarine environment in this assessment and 
recommend that future MCCIP report cards contain specific information on 
stratification changes in this dynamic area between the land and sea 
environments. It might be speculated that any changes to rainfall patterns 
whether seasonality or occurrence of extreme events might have an impact in 
estuaries and the coastal regions of the shelf seas where direct freshwater inputs 
are important.    
 
 
Level of Confidence 
 
Our confidence in understanding long-term change in shelf sea stratification 
should be regarded as low – whilst the dynamics of stratification in the shelf seas 
are fairly well understood, there are few observed time-series to identify change 
that has happened and only one hindcast modelling study published. Shelf-sea 
scenarios for the future are lacking and would be influenced by wind and storm 
predictions which themselves are low confidence areas within scenario models  
(UKCIP02).  
 

http://www.mccip.org.uk/arc/glossary.htm


Key Sources of Information 
 
Ellett,  D. J.  (1993)  The north-east Atlantic: A fan-assisted storage heater?, 

Weather, 48, 118-126. 
Hill, A. E., Brown, J. and  Fernand, L. (1996) The western Irish Sea gyre: a 

retention mechanism for the Norway lobster (nephrops norvegicus)?, 
Oceanologica Acta, 19, 357 – 368. 

Hulme,M., Jenkins,G.J., Lu,X., Turnpenny,J.R., Mitchell,T.D., Jones,R.G., 
Lowe,J., Murphy,J.M., Hassell,D., Boorman,P., McDonald,R. and Hill,S. 
(2002) Climate Change Scenarios for the United Kingdom: The UKCIP02 
Scientific Report. Tyndall Centre for Climate Change Research, School of 
Environmental Sciences, University of East Anglia, Norwich, UK. 120pp 

Karlson, K., Rosenberg, R., Bonsdorff, E. (2002) Temporal and spatial largescale 
effects of eutrophication and oxygen deficiency on benthic fauna in 
Scandinavian and Baltic waters - a review. Oceanogr. Mar. Biol. Annu. Rev. 
40, 427-489. 

Raine, R., and McMahon, T. (1998) Physical dynamics on the continental shelf 
off southwestern Ireland and their influence on coastal phytoplankton 
blooms. Cont. Shelf Res., 18, 883-914. 

Pingree, R. D., and  Griffiths, D. K. (1978) Tidal fronts on the shelf seas around 
the British Isles, J. Geophys. Res., 83, 4615-4622 

Tett, P., Gilpin, L., Svendsen, H., Erlandsson, C.P., Larsson, U., Kratzer, S., 
Fouilland, E., Janzen, C., Lee, J.-Y., Grenz, C., Newton, A., Ferreira, J.G., 
Fernandes, T., Scory, S., (2003). Eutrophication and some European 
waters of restricted exchange. Cont. Shelf Res. 23, 1635–1671. 

Young, E. F. and J. T. Holt (in press) Prediction and Analysis of Long-term 
Variability of Temperature and Salinity in the Irish Sea, Journal of 
Geophysical Research. 

 
 
Please acknowledge this document as: Dye, S. (2006). Impacts of Climate Change on 
Shelf-Sea Stratification in Marine Climate Change Impacts Annual Report Card 2006 (Eds. 
Buckley, P.J, Dye, S.R. and Baxter, J.M), Online Summary Reports, MCCIP, Lowestoft, 
www.mccip.org.uk

 

http://www.mccip.org.uk/

	IMPACTS OF CLIMATE CHANGE ON STRATIFICATION
	Stephen Dye
	Centre for Environment, Fisheries and Aquaculture Science (Cefas), Pakefield, Lowestoft
	Executive Summary
	Level of Confidence
	 Key Sources of Information




<<
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 1.50000
  /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 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 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 /MediumResolution
      >>
      /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 [612.000 792.000]
>> setpagedevice


