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Executive Summary

Storm surges are short-lived increases in local water level, above that of the
tide. They are driven by low atmospheric pressure and winds, typically in
shallow seas. When they occur at or near a high tide large surges are liable to
cause flooding. Previous extreme surge events, such as that during Winter
1953, have led to a considerable loss of life and damage to property around
the coastline of the southern North Sea.

Future extreme flood events may become more common as a result of
increases in local relative time average sea level or altered atmospheric
storminess, which could change the storm surge characteristics. The
predictions presented in the UKCIPO2 analysis show the increase in the
height of a flood event with a 50-year return period might be more than 1m
during the 21° century at some locations. Most locations were predicted to
experience a smaller increase. Comparison of the UKCIPO2 results with other
studies suggests that the pattern of increases in storm surge height is
currently very uncertain and our confidence in being able to accurately predict
the changes in extreme water level events is low. Research is underway to
improve this situation by using ensembles of model simulations to better
guantify the range of uncertainty.

Level of Confidence
Low

Key sources of Information
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Extreme sea level

Storm surges are short lived increases in local water level, relative to the tide,
typically occurring in shallow seas. Positive surges are of most concern,
representing an increase in water level and an increased likelihood of
flooding. They are driven by low atmospheric pressure and strong winds, and
water levels can be enhanced locally by the coastal topography, which
sometimes leads to a funnelling effect (Wells, 1997).

The damage resulting from storm surges is greatest when they occur at or
near a high tide. Previous extreme surge events, such as that during the night
of 31% January/1%' February 1953, have led to a considerable loss of life and
damage to property around the coastline of the Southern North Sea. In the
United Kingdom the 1953 surge event killed an estimated 307 people in the
counties of Lincolnshire, Norfolk, Suffolk and Essex. In Holland the death toll
reached 1835.

There is evidence from tide gauges around the United Kingdom coastline of
the long term rise in time mean sea level. However, extreme sea levels
appear to change in a similar way and there is no clear evidence of a long
term trend in the storm surge height (Araujo et al., 2002). Our ability to detect
such a trend is made difficult by the limited number of very long tide gauge
records with a high enough sampling frequency, and the existence of sizeable
long period natural variability, as seen in a long Liverpool record analysed by
Woodworth and Blackman, 2002.

During the 21% century the characteristics of extreme flood events are
expected to change due to: the increase in time average sea level, the
expected changes in atmospheric storminess (which alter the storm surge
component) and local vertical land movements. The first two components are
likely to be driven by future human induced changes in the climate but in the
UK the final term is mostly due to the long term natural response of the
system to the shrinkage of land ice since the end of the last ice age. A
number of recent studies (von Storch and Reichardt, 1997; Flather et al, 2001;
Lowe et al., 2001; Debernard et al., 2002; Lowe and Gregory, 2005; Woth,
2005; Woth et al., 2006) have attempted to estimate the change in the storm
surge component using computer models of the atmosphere and either
models of the shelf seas or a statistical downscaling technique to estimate the
surges. Lowe and Gregory (2005) showed that there is a significant spread in
the predictions of 21 century storm surge results and a research priority is to
quantify the range of this uncertainty.

When the projected future changes in storm surges are combined with those
in time average sea level and vertical land movements an estimate of the
change in the height of extreme sea level events can be obtained. Figure 1
shows the predicted changes under SRES A2 and B2 emission scenarios, as
presented in United Kingdom Climate Impacts Programme 2002 report


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

(UKCIP, 2002). An alternative way to express these results is as the change
in the frequency of a given size of event seen from the land. At Immingham,
on the east coast of the UK, an event with a return period of around 150 years
in the present day climate is estimated to occur on average more frequently
than once per decade by the end of the 21% century under an SRES A2
emissions scenario. The confidence in the predictions of changes in sea level
extremes at any particular location are currently low. A major program of work
is being undertaken to produce a new set of extreme water level projections
for the 21 century and will be delivered as part of UKCIP next.

Figures

Figure 1. Simulated change in the height (m) of a storm surge with a 50-year
return period during the 21* century under SRES A2 scenario. The results
were produced with the Hadley Centre climate models and POL storm surge
model.
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Figure 2. Simulated change in the height (m) of extreme water levels
(measured relative to the present day tide) with a 50-year return period during
the 21° century under SRES A2 scenario. The results include changes in
storm surges, a rise in time average sea level and vertical land movements.




Please acknowledge this document as: Lowe, J. (2006). Impacts of Climate Change on
Coastal Flooding 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,
WWWw.mccip.org.uk

References

Araujo I., Pugh D.T. and Collins M. (2002). Trends in components of Sea
Level around the English Channel. Proceedings of Littoral 2000, Porto,
Portugal, 1-8. 2002.

Debernard J, Saetra O, and Roed LP. (2002). Future wind, wave and storm
surge climate in the northern North Atlantic. Climate Research 23 (1) 39-
49.

Flather R., Baker T., Woodworth P., Vassie |. and Blackman D. (2001).
Integrated effects of climate change on coastal extreme sea levels.
Proudman Oceanographic Laboratory. Internal Document No. 140,
Bidston, UK.

Lowe JA, Gregory JM, and Flather RA. (2001). Changes in the occurrence of
storm surges around the United Kingdom under a future climate scenario
using a dynamic storm surge model driven by the Hadley Centre climate
models. Climate Dynamics 18 (3-4): 179-188.

Lowe JA, and Gregory JM. (2005). The effects of climate change on storm
surges around the United Kingdom. Philosophical Transactions of the
Royal Society A-Mathematical Physical and Engineering Sciences 363
(1831): 1313-1328.

UKCIP (2002). UK Climate Impacts Programme. UKCIP0O2 Scientific Report.
Available at
www.ukcip.org.uk/scenarios/ukcip02/documentation/ukcip02 _scientific_report.asp
. Last accessed 31 August 2006.

Von Storch H, and Reichardt H. (1997). A scenario of storm surge statistics
for the German bight at the expected time of doubled atmospheric carbon
dioxide concentration. Journal of Climate 10 (10) 2653-2662.

Wells N. Atmosphere and Ocean: A Physical Introduction. John Wiley and
Sons Ltd, 1997.

Woodworth PL, and Blackman DL. (2002). Changes in extreme high waters at
Liverpool since 1768. International Journal of Climatology 22 (6) 697-714.

Woth K. (2005). North Sea storm surge statistics based on projections in a
warmer climate: How important are the driving GCM and the chosen
emission scenario? Geophysical Research Letters 32 (22) Art. No.
L22708.


http://www.mccip.org.uk/
http://www.ukcip.org.uk/scenarios/ukcip02/documentation/ukcip02_scientific_report.asp

Woth K, Weisse R, and von Storch H. (2006). Climate change and North Sea
storm surge extremes: an ensemble study of storm surge extremes
expected in a changed climate projected by four different regional climate
models. Ocean Dynamics 56 (1) 3-15.



	IMPACTS OF CLIMATE CHANGE ON COASTAL FLOODING
	Jason Lowe
	Executive Summary

	Level of Confidence 
	Key sources of Information
	Supporting Evidence




<<
  /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


