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Feedback Mechanism: Feedback Mechanism: AlbedoAlbedo Energy CycleEnergy Cycle

(from Earth’s Climate: Past and Future)
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Feedback Mechanism: Transpiration Feedback Mechanism: Transpiration Water CycleWater Cycle

(from Earth’s Climate: Past and Future)
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CryosphereCryosphere
Sea Ice Land Ice

The cryosphere is referred to all the ice 
near the surface of Earth: including sea ice 
and land ice.

For climate, both the surface and the mass 
of ice are importance.

At present, year-round ice covers 11% of 
the land area and 7% of the world ocean.(from The Blue Planet)



Seasonal Cycle of Antarctic Ice

(figures from Gloersen, P. et al.  1992; animated by D. B. Reush)
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Sea IceSea Ice

One major climate effect of sea ice is to seal off the underlying ocean from 
interaction with the atmosphere.

Without an sea ice cover, high-latitude oceans transfers large amount of heat to 
the atmosphere, especially in winter.

With an sea ice cover, the heat flux into the atmosphere is stopped. In addition, 
the ice surface absorbs little incoming solar radiation. Winter air temperature can 
cool 30°C or more near a sea-ice cover.

(from Earth’s Climate: Past and Future)



AAntarctic ntarctic DDiippole (ADP)ole (ADP)

The “Antarctic Dipole” (ADP) is characterized by an out-of-phase  
relationship between the ice and temperature anomalies in the central/eastern 
Pacific and Atlantic sectors of the Antarctic.

(from X. Yuan, LDEO)



Pacific South America (PSA) PatternPacific South America (PSA) Pattern

(from Karoly 1989)

PSA PNA



What Happened to HWhat Happened to H22O?O?
The atmosphere can only hold small 
fraction of the mass of water vapor that 
has been injected into it during volcanic 
eruption, most of the water vapor was 
condensed into clouds and rains and gave 
rise to rivers, lakes, and oceans.

The concentration of  water vapor in the 
atmosphere was substantially reduced.

(from Atmospheric Sciences: An Introductory Survey)



Ice and Sea LevelIce and Sea Level

The Antarctic Ice Sheet holds 
the equivalent in seawater of 
66 meters of global sea level.
The Greenland Ice Sheet 
holds the equivalent of 6 
meters of global seawater.

(from Earth’s Climate: Past and Future)



Land IceLand Ice

Mountain Glaciers: a few 
kilometers in length and 10-100 
meters in width and thickness.

Continental Ice Sheets:

100-1000 km in horizontal 
extend.

1-4 km in thickness.

Two larges sheets: Antarctic 
Ice Sheet and Greenland Ice 
Sheet.

(from Earth’s Climate: Past and Future)



Glacial IceGlacial Ice

Ice cores retrieve climate records extending back thousands of years in 
small mountain glaciers to as much as hundreds of thousands of years in 
continental sized ice sheets.

The antarctic ice sheet has layers that extend back over 400,000 years.

The Greenland ice sheet has layers that extended back 100,000 years.

(from Earth’s Climate: Past and Future)



Ice and Sea LevelIce and Sea Level

The Antarctic Ice Sheet holds 
the equivalent in seawater of 
66 meters of global sea level.
The Greenland Ice Sheet 
holds the equivalent of 6 
meters of global seawater.

(from Earth’s Climate: Past and Future)



Interactions between Ice and OceanInteractions between Ice and Ocean
This hypothesis argues that millennial 
oscillations were produced by the internal 
interactions among various components of 
the climate system.

One most likely internal interaction is the 
one associated with the deep-water 
formation in the North Atlantic.

Millennial oscillations can be produced from 
changes in northward flow of warm, salty 
surface water along the conveyor belt.

Stronger conveyor flow releases heat that 
melts ice and lowers the salinity of the North 
Atlantic, eventually slowing or stopping the 
formation of deep water.

Weaker flow then causes salinity to rise, 
completing the cycle.

(from Earth’s Climate: Past and Future)



Ice and Sea LevelIce and Sea Level

The Antarctic Ice Sheet holds 
the equivalent in seawater of 
66 meters of global sea level.
The Greenland Ice Sheet 
holds the equivalent of 6 
meters of global seawater.

(from Earth’s Climate: Past and Future)



Global Warming and SeaGlobal Warming and Sea--Level ChangeLevel Change

Global Warming
(2.5°C by 2100)
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(11 inches)
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(2.4 inches)
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Sea Level Rise
(19.3 inches by 2100)



Sea Level Rise Sea Level Rise .vs..vs. Sea Floor SinkSea Floor Sink

After a certain amount of land-supported ice melts, in stead of saying the 
sea level will rise “so much”, we should say the oceans will get “so much”
deeper.                                                         -- (Kivioja 2003; EOS)

OCEANOCEAN

Sea floor



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /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 true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AlleycatICG
    /AlleycatICG-Bold
    /BernhardModern-Roman
    /BocaRatonICG
    /BocaRatonICG-Solid
    /ChiladaICG-Cuatro
    /ChiladaICG-Dos
    /ChiladaICG-Tres
    /ChiladaICG-Uno
    /Copperplate-ThirtyOneAB
    /Copperplate-ThirtyThreeBC
    /DecoturaICG
    /DecoturaICG-Inline
    /FajitaICG-Mild
    /FajitaICG-Picante
    /FranklinGothic-Condensed
    /FranklinGothic-Roman
    /Goudy
    /LitterboxICG
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /NuptialScript
    /OCRA
    /PaisleyICG-01
    /PaisleyICG-01Alt
    /PaisleyICG-02
    /PaisleyICG-02Alt
    /ParkAvenue
    /PrestigeElite-Bold
    /PrestigeElite-BoldSlanted
    /SaturdaySansICG
    /SaturdaySansICG-Bold
    /Stencil
    /Tekton-Bold
    /Trajan-Bold
    /UltraCondensedSansOne
    /UltraCondensedSansTwo
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /WhimsyICG
    /WhimsyICG-Bold
    /WhimsyICG-Heavy
    /WontonICG
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFc5c5bb34c6a90020bb38c11cb97c0020ac80d1a0d558ace00020c778c1c4d558b2940020b3700020c801d569d55c00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c9002540875284e8e55464e1a65876863ff0c53ef4ee553ef9760573067e5770b548c6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef69069752865bc6aa28996548c521753705546696d65874ef63002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


