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Executive summary  
 
The salinity of the upper ocean (0-800m) to the west and north of the UK has 
been generally increasing since a fresh period in the 1970s.  A minimum 
occurred in the mid 1990s, and present day conditions are saline.  The 
decadal-scale pattern of change around the UK reflects the mean conditions 
of the North Atlantic and Nordic Seas, which has evolved from a maximum in 
the early 1960s and a minimum in the mid 1990s. 
 
West of the UK the water of the deep ocean  (>1000m) comes from the 
Labrador Sea  and has freshened since 1975.  North of the UK, the deep 
water (800m) flows come from the Nordic Seas; they have freshened since 
1950 but have been stable for the last decade.   
 
In the northern North Sea the salinity is heavily influenced by inflowing North 
Atlantic water and has become more saline since the 1970s.  The salinity of 
the southern North Sea is dominated by river run-off and there is no clear 
trend since the 1970s. 
 
Since the mid-1960s the salinity of the Irish Sea shows no significant long-
term trend.  The decadal pattern is different to the deep offshore water; 
maxima occurred in the late 1970s and late 1990s; present conditions are 
close to the long-term mean. 
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There is no clear trend in the shelf waters off the west coast of Scotland; 
observed changes in salinity are due to an east-west migration of salinity 
gradients, with warm periods being associated with higher inshore salinities.   
 
Full review  
 
Observational evidence for changes in salinity is relatively sparse.  There are 
few long-term measurements of shelf or deep waters in the North Atlantic, 
though two of the longest (Faroe to Shetland since 1900, and Rockall Trough 
since 1948) are maintained by UK agencies.  Offshore observations in the 
North Atlantic and Nordic Seas are summarised annually in the International 
Council for the Exploration of the Seas (ICES) Report on Ocean Climate 
(IROC) (ICES, 2007).  Coastal and shelf sea monitoring stations are 
maintained around Scotland by the Fisheries Research Services, Marine 
Laboratory Aberdeen and the Scottish Association for Marine Science, Oban, 
and in the Irish Sea by the Government Laboratory of the Isle of Man. 
 
The salinity of the waters around the UK are affected by changes which are 
occurring in the deep oceanic waters of the North Atlantic as well as local 
processes in the shallower shelf seas. Southwest England and Scotland are 
most strongly affected by changing oceanic conditions, the influence of which 
affect the western continental shelf and penetrate into the northern North Sea. 
The east coast of England is within the southern North Sea. Wales, Northwest 
England, and the east coast of Northern Ireland border on the Irish Sea. At 
each sampling site, imposed on the large-scale, long-term pattern are further 
levels of variability related to locally important processes such as changing 
positions of fronts, passing of eddies, river run-off, the changing inflow of 
different water masses, and the exchange of freshwater with the atmosphere. 
 
Oceanic Waters around the UK 
 
Over the last 50-60 years the large-scale, long-term salinity of the northern 
North Atlantic and Nordic Seas has evolved from a maximum in the early 
1960s to a minimum in the mid-1990s (Peterson et al, 2006, ICES 2007).  It is 
presently becoming more saline.  
 
The salinity of the surface layer of the ocean (the top 100 m) is most heavily 
influenced by changes in precipitation and evaporation (Josey & Marsh, 2005) 
and is more variable than deepwater salinity.  Below the surface, the deep 
ocean around the UK is most strongly influenced by changes in ocean 
circulation, which in turn is affected by large-scale atmospheric conditions 
(Holliday, 2003; Hátún et al, 2005).  Surface conditions in a few key locations 
remote to the UK, where surface water sinks into the deep ocean, also affect 
the salinity of UK deep waters (Dickson, et al, 2002).   
 
The salinity of the upper ocean (0-800m) to the west and north of the UK has 
been increasing since a fresh period (the Great Salinity Anomaly) in the 1970s 
(Figures 1 and 3).  A further minimum occurred in the 1990s, and the present 
day conditions are relatively saline.  The pattern reflects the changing balance 
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of the inflow of subtropical (salty) versus subpolar (fresh) water into the area 
(Holliday, 2003).  
 
Below 1000m the deep ocean west of the UK has become fresher since 1975, 
reflecting a period of freshening in the Labrador Sea where the deep water 
originates (Figure 2).  The Labrador Sea has become more saline again since 
the late 1990s, and we expect the deep water west of the UK will also 
increase in salinity over the next few years.  North of the UK, the deep waters 
(800m) flow from the Nordic Seas and while they have also freshened since 
1950, they have been stable for the last decade (Figure 4).   
 
Shelf Seas 
 
In the northern North Sea the salinity is heavily influenced by inflowing North 
Atlantic water and so has also become more saline since the 1970s (Figures 
5 and 6). Salinity in the southern North Sea is dominated by river run-off and 
there is no clear trend since the 1970s (Figure 7 and 8). 
 
Salinity in the Irish Sea can be represented by a time series in the coastal 
waters adjacent to the Isle of Man at Port Erin Bay (Figure 9). No significant 
long-term trends have been established, though there are decadal fluctuations 
as follows. Salinity through the 1970s was relatively stable with little evidence 
of the Great Salinity Anomaly. There was a period of low salinity through the 
1980s into the early 1990s. The 1990s was generally a period of higher 
salinity followed by a salinity decrease or freshening in the early 2000s and to 
date.  
 
The North Atlantic is the source water for the Irish Sea, but salinity is not 
heterogeneous with all regions to some extent influenced by freshwater. Low 
salinity waters are largely confined to the north-eastern Irish Sea 
corresponding to high riverine freshwater loadings, with highest salinities 
being observed in offshore western Irish Sea waters. Overall an inverse 
relationship exists between the winter North Atlantic Oscillation (NAO)  
index and Port Erin Bay salinity. The relationship is stronger for NAO Index 
negative years when winter precipitation and thus runoff from land and 
westerly winds are less persistent. Salinity in these years tends to be higher 
and more impacted by oceanic water ingressing from the North Atlantic and 
less impacted by freshwater inputs. Port Erin Bay salinity does tend to be 
lower during NAO Index positive years but the relationship is somewhat weak 
and local and regional effects seem to have a much greater impact on salinity. 
In NAO index positive years westerly and south-westerly airflow tends to be 
enhanced and in Northern Europe winters tend to be warmer with increased 
precipitation and airflow. Salinity would be expected to be more impacted by 
freshwater inputs and thus lower in these years 
 
Reliable continuous measurements of salinity in the Tiree passage on the 
west coast of Scotland started in 2002 and are, therefore, too short to 
comment on long-term changes.  Observations, however, made between 
1975 and 1996 indicate that intra-annual changes from warm high salinity 
water to cool low salinity water are, in general, associated with the across 
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shelf migration of isohalines rather than a broad scale change over the whole 
shelf (Inall et al., 2007).  However, it has not been possible to detect any link 
between this movement and local climate, such as rainfall patterns, or the 
NAO. 
 
Figures 
 

Figure 1. Rockall Trough. Salinity of the upper ocean (0-800m) 
 

Figure 2. Rockall Trough . Salinity of the deep ocean (Labrador Sea Water, 1800 - 2000m) 
 

Figure 3. Faroe Shetland Channel. Salinity anomaly of the Atlantic Water in the slope current. 
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Figure 4. Faroe Shetland Channel. Salinity of overflow water at 800m. 
 

Figure 5: Northern North Sea. Salinity near the sea-floor in the northwestern part of the North 
Sea (A) and in the core of Atlantic Water at the western shelf edge of the Norwegian Trench 
(B) during the summers of 1975- 2006. 
 

Figure 6: Northern North Sea. Salinity anomaly in the Fair Isle current entering the North Sea 
from the North Atlantic. 
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Figure 7: Southern North Sea. Annual mean surface salinity anomaly at Station Helgoland 
Roads. 
 

Figure 8: Southern North Sea. Normalised sea surface salinity anomaly relative to the period 
1971-2000 measured along 52°N, a regular ferry at six standard stations. The time series 
show the seasonal section average (DJF, MAM, JJA, SON) of the normalised variable. 
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Figure 9. Anomalies of annual salinity means at Port Erin Bay (long-term mean 1966-2005). 
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Confidence assessments  
 
‘What is already happening’ - Medium  
(consensus=high, evidence=moderate) 
 
‘What could happen in the future’ - Low  
(consensus=low, evidence=low). 
 
Measurements of salinity at offshore sites are made 1-3 times per year, 
under-sampling the seasonal cycle which may alias the results . Shelf sea and 
coastal stations are sampled more frequently (up to daily), so the seasonal 
cycle is usually better resolved. Calibration is good (although data prior to 
1970 are less reliable), so high confidence can be put on actual 
measurements.  
 
The number of sites for which long-term records exist are limited, so it is 
difficult to make an overall assessment of changes in salinity around the UK.  
However, the variability at the deep ocean  sites on time scales of years to 
decades are consistent across the region and with the North Atlantic region, 
giving us overall moderate confidence in the results.  
 
Knowledge gaps  
 
1. Sparse availability of data 
 
The number of deep ocean  sites for which long term measurements have 
been made are small.  This problem is being addressed in the deep ocean by 
the Argo float  programme, which has greatly increased the amount of 
subsurface data since the early 2000s.  The free-ranging instruments are 
programmed to float at a depth of 2000m, carried along by the ocean 
currents.  Every 2 weeks they rise to the surface to report their new location 
and the temperature and salinity of the water they rose through. This new 
data source across the global ocean, combined with numerical models, will in 
time reduce some of the difficulties due to sparse observations. The recent 
installation of thermosalinographs  on a number of ferries and 
voluntary observing ships  using UK waters should help to redress the 
shortfall of surface salinity observations in shelf waters. 
 
2. Under-sampling of the seasonal cycle. 
 
The surface and upper layers of the ocean exhibit a strong seasonal salinity 
cycle with an amplitude greater than longer-term changes.  Usually surface 
salinity is higher in the winter.  When looking at long term variability in time 
series that are sampled only 1-3 times per year, we need to take account of 
the season in which the measurements were made.  The under-sampling of 
the open ocean seasonal cycle and how it may be changing over time is a 
major uncertainty for interpreting long term changes.  The key to resolving the 
open ocean signal cycle lies in assimilating temperature and salinity from 
profiling floats and other devices into numerical models.  The models can fill 
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the gaps between the data points, and the data can keep the model close to 
reality.  Progress is being made with developing this technique. 
 
Commercial impacts  
 
Not  stated 
 
References 
 
Dickson, R., Yashayaev, I., Meincke, J., Turrell, W. R., Dye, S., and Holfort, J. 

(2002), Rapid freshening of the deep North Atlantic Ocean over the past 
four decades, Nature, 416, 832-837. 

 
Hátún, H., Sando, A. B., Drange, H., Hansen, B., and Valdimarsson, H. 

(2005), Influence of the Atlantic subpolar gyre on the thermohaline 
circulation, Science, 309, 1841-1844. 

 
Holliday, N. P. (2003), Air-sea interaction and circulation changes in the 

northeast Atlantic, Journal of Geophysical Research, 108, 3259, 
doi:3210.1029/2002JC001344. 

 
ICES, (2007), ICES Report on Ocean Climate 2006, Ed: S.L. Hughes S.L. and 

N.P. Holliday. ICES Cooperative Research Report (in press) 
 
Inall, M. E., Gillibrand, P. A., Griffiths, C. R., MacDougal, N. and Blackwell, K. 

(2007).  Temperature, salinity and flow variability on the north-west 
European shelf, Submitted to Journal of Marine Systems 

 
Josey, S. A., and Marsh, R. (2005), Surface freshwater flux variability and 

recent freshening of the North Atlantic in the eastern subpolar gyre, 
Journal of Geophysical Research, 110, C05008. 

 
Peterson, B. J., McClelland, J., Curry, R. G., Holmes, R. M., Walsh, J. E., and 

Aagaard, K. (2006), Trajectory shifts in the Arctic and Subarctic 
freshwater cycle, Science, 313, 1061-1066. 

 
Other references 
 
Extended Ellett Line 

http://www.noc.soton.ac.uk/obe/PROJECTS/EEL/index.php 
 
Isle of Man Government Laboratory Marine Monitoring 

http://www.gov.im/dlge/enviro/govlabs/marine_water.xml 
 
 
   
  

8 


	Topic 
	Author(s) 
	Confidence assessments 
	Knowledge gaps 
	References
	Other references



<<
  /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 false
  /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 false
  /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 false
  /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


