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Outline of PresentationOutline of Presentation
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• Climate Changes and Airports

• Changing Business Conditionsg g

• Challenges for Airports
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Mitigation versus AdaptationMitigation versus Adaptation From IPCC WG2/WG3 meeting 2004
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Expected Changes in ClimateExpected Changes in Climate

Sea level rise
Temperature changes

L
Precipitation changes

Less
Certainty

Storms

• Local effects more important for airports than global averages
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Sea Level RiseSea Level Rise

• IPCC (2007) models predict sea level rise in the range of 0.2 ( ) p g
to 0.5 metres by 2100 (medium emissions growth scenario)

• Resulting effect can include

– Regular flooding

– Storm surge flooding

Costal erosion– Costal erosion

– Land subsidence

• Issue for runways, taxiways, terminal buildings, road and railIssue for runways, taxiways, terminal buildings, road and rail 
access routes

• Many coastal airport could be affected
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Sea Level RiseSea Level Rise
Major coastal airports globally
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Sea Level RiseSea Level Rise
• National issue for low lying countries – Netherlands, 

Maldives, Bangladesh
• Airport infrastructure considerations at planning stage and 

consideration of future viability of existing facilities
• High risk issueg

• Solutions not easy

– Dykes, levees, seawalls

– Improved drainage with 
major pumps

El ti f t t– Elevation of structures

– Airport closure or 
relocation
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Temperature RiseTemperature Rise
• Decreased # cold days & increased # hot and very hot days
• Rises will not be uniform, varying with regionRises will not be uniform, varying with region

– Decrease in aircraft lift
– Reduced snow removal, but more freezing rain conditions
– Changing seasonal demand– Changing seasonal demand
– Local air quality degradation
– Melting permafrost base

ICAO Headquarters, Montréal, Canada, 11‐ 14 May 2010
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Temperature RiseTemperature Rise
Airport planning and response may mean

Payload limitation in hot weather– Payload limitation in hot weather

– Need for longer runways

– Slower climb rates – airspace redesignSlower climb rates  airspace redesign

– Diversion of incoming aircraft if temperature too high

– Increased cooling demand for terminals and aircraft

– Less snow removal

– More stringent local air quality emissions mitigation

ICAO Headquarters, Montréal, Canada, 11‐ 14 May 2010
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Temperature RiseTemperature Rise
Svalbard (Norway) Permafrost depth: 1973‐2.5m, 2009‐4.5m
Ground is softer and runway is starting to sinkGround is softer and runway is starting to sink
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Precipitation ChangesPrecipitation Changes
• Predictions from 2007 IPCC report 

show:show:

– Typically less rain in tropics 
(orange) and more 
precipitation in high latitudes 
(green)

– White areas show poorWhite areas show poor 
agreement (<65%) between 
different IPCC model 
l l ticalculations

ICAO Headquarters, Montréal, Canada, 11‐ 14 May 2010
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Precipitation ChangesPrecipitation Changes
• Flooding – runway closures

• Water damage erosion• Water damage – erosion, 
subsidence

• Storm water runoff 
management

• Ground and surface water 
course contaminationcourse contamination

• Separation of sewerage and 
storm water

• Water shortages

• Dust storms

ICAO Headquarters, Montréal, Canada, 11‐ 14 May 2010

Flooding and subsidence beneath runway 
shoulder in Norway
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StormsStorms
• Expectations include: 

Increase in frequency– Increase in frequency 
of low pressure 
system events, 
including hurricanes 
and cyclones

– Increase in stormIncrease in storm 
intensity including 
wind speed

– Increase in wave size 
and storm surges

ICAO Headquarters, Montréal, Canada, 11‐ 14 May 2010
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StormsStorms
• Costal protection in 

NorwayNorway
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StormsStorms
• Locally designed 

and produced waveand produced wave 
protection barrier at 
Rarotonga Airport, 
C k I l dCook Islands

ICAO Headquarters, Montréal, Canada, 11‐ 14 May 2010
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Other Climate & Weather ConsiderationsOther Climate & Weather Considerations
• Delays and loss of capacity

• Changes in prevailing wind conditions affecting optimal• Changes in prevailing wind conditions affecting optimal 
runway orientation

• Interruption of ground access

ICAO Headquarters, Montréal, Canada, 11‐ 14 May 2010
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Mitigation versus AdaptationMitigation versus Adaptation From IPCC WG2/WG3 meeting 2004

ICAO Headquarters, Montréal, Canada, 11‐ 14 May 2010
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Changing Business ConditionsChanging Business Conditions
• Effects of climate on seasonal passenger demand

• Investment in airport infrastructure to cope with changed• Investment in airport infrastructure to cope with changed 
weather patterns (eg sea defences, building stability, 
heating/cooling demand)

• Effects on airport asset values

• Shortages of power, fuel, water

d d li i f f d i• New storage and delivery infrastructure for non‐drop‐in 
alternative fuels

• Regulated limitation on growthRegulated limitation on growth

• Aviation operations within an aviation emissions cap

ICAO Headquarters, Montréal, Canada, 11‐ 14 May 2010
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The Challenges for AirportsThe Challenges for Airports
• Immediate focus remains on mitigation

• Need to start process of evaluation Risk Assessment• Need to start process of evaluation Risk Assessment

• Start addressing uncertainty of climate outcomes especially 
regarding local effects

• Recognise that although changes may be long‐term (50‐100 
yrs) airport infrastructure expected to last more than 50 yrs

i l i f ff f h i b i di i• Instigate analysis of effects of changing business conditions

• Consider the effects of climate change on developing 
countriescountries

ICAO Headquarters, Montréal, Canada, 11‐ 14 May 2010
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ThanksThanks

Xavier Oh

xoh@aci.aero

ICAO Headquarters, Montréal, Canada, 11‐ 14 May 2010



<<
  /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


