Mean High Xaters and Extreme Sea Levels at Liverpool since 1768:
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Percentile levels (3, 10, 20, 80, 90 and 97) for
surges at high water at Liverpool for each year
with the corresponding median surge value
(percentile 50) for the year subtracted. The plot
suggests that the distribution of surges has been
similar at Liverpool through the years, although
the size of the largest surges may have decreased
slightly since Hutchinson's time.

William Hutchinson was a former privateer (pirate)
captain who became Dockmaster at Liverpool in |1759.
His measurements of the heights and times of high water I
spanned |764-1793 (the 1764-1767 data are now lost)
and provided the first extended set of UK tidal '
information, other than those in the | 7th century also at I
Liverpool by Jeremiah Horrocks which are also lost. The
data have been used in studies of changes in mean high
water (a proxy for mean sea level) and extreme sea levels
at Liverpool over the past two and a half centuries and are
some of the longest records in Europe. Hutchinson also
compiled a complete set of meteorological measurements
including air pressures, and his data set was (arguably) the
first in which the 'inverse barometer effect' was identified
— the Swede Nils Gissler sometimes gets the credit as
does, incorrectly, James Clark Ross. This poster gives an
idea of recent use of Hutchinson's data.
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Inverse Barometer Effect

Time series of monthly mean air pressures obtained by
Hutchinson at Liverpool (top, mbar) together with his monthly
mean high waters (MHW) over the same period (bottom, cm).
The latter has been inverted for comparison to the former and
is expressed relative to an arbitrary reference level. Both series
nave been deseasonalised and an additional nodal term has
been removed from the MHW record. The local inverse
barometer coefficient is -0.89 +/- cm/mbar.
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1801 First Public Tide Tables

Rev. GEORGE HOLDEN, M.A.

To the Right Honourable the Lord Mayor, Recorder,
Aldermen, & Members of the City Council, to the
Chairman & Members of the Mersey Docks
and Harbour Board, o Shipmasters, and to the

Merchants & Tradesmen of Liverpool, this

Almanack and 71Tide 7Table

18 respectﬁ'd{y inscribed by their mosz‘
Obedient Servant,
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Long Term Sea Level Change

Time series of 'Adjusted Mean High Water' from Liverpool compared
to sea level data from other parts of northern Europe.

Brest 4 OO
it

-100

Liverpool
(Adjusted MHW)

e M/\,\,\/\,/\/\/WWV‘I\\/‘IM\/\

.”Ix I IWIII.V II\I“JIIP

NIRRT LT

I I
| 700 1750 1800

|
1850 1900 1950 2000
Year

The first 30 years of the Liverpool record were from Hutchinson's
efforts. Later ones were by |esse Hartley - who constructed many of
Liverpool's docks - the Mersey Docks & Harbour Board, and POL.
The collected data show evidence for relatively recent (20th century)
sea level rise due to climate change. (Note that as the Liverpool data
are MHW they contain a nodal (18.6 year) term and so appear
'noisier'). The scale bar indicates +/- 100 mm.

The \X/ork of \X/illiam Hutchinson 1716—-1801

Philip L. Woodworth, Proudman Oceanographic Labortory, Liverpool, UK
Keith Tinkler, Department of Earth Sciences, Brock University, Canada

Hutchinson's
measurements of the
tides during 1764-1767
were used by Richard
and George Holden to
derive the first reliable
publicly-accessible tide
tables in the UK. They
first appeared in 1770
and were published for
over 200 years.

Comparing Hutchinson's Measurements
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The difference of the time of high tide measured by Hutchinson and that 'hindcasted' by
POL. The S-shaped time-difference through the year is because Hutchinson used a sun dial
next to his house to measure time (i.e. he recorded apparent solar time), no doubt
supplemented by a mechanical clock for night time observations. Apparent solar time
differs from Greenwich Mean Time by a fixed offset (due primarily to the difference in
longitude of Liverpool and Greenwich) and by the 'Equation of Time' through the year
which arises from the slightly non-circular orbit of the Earth around the Sun.

More ‘Data Archaeological

Research

@ A paper describing Hutchinson's extensive
meteorological data set has been published
(International Journal of Climatology 2006).

@ A CD has been produced containing all
Hutchinson's tidal and meteorological data,
relevant biographical details and scientific papers
for Liverpool 'European Capital of Culture'in 2008.

@ We want to compare Hutchinson's |18th century
sea level measurements at Liverpool with those
taken at almost the same time at Brest in France,
presently being 'data rescued' by Guy Woppelmann
and colleagues.

@ We want to go back another century and find the S
tidal measurements made around |640 at P
Liverpool (Toxteth) by the astronomer Jeremiah =
Horrocks in 1640. Horrocks (or Horrox) was the ==
first person to predict and observe the transit of

Venus. His tidal records were believed to have

been lost in the Civil War, but maybe they weren't!

Historical datum of the Liverpool Old Dock Sill, the datum
with respect to which Hutchinson made his measurements.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


