New Earth Temperature and Ice Measurements Provide A Basis For A Forecast Of Greenland’s Ice Melt Rate And Subsequent Ocean Rise

NASA Study Finds World Warmth Edging Ancient Levels
http://www.nasa.gov/centers/goddard/news/topstory/2006/world_warmth.html 

The graph below appears in the above NASA paper.  The growth from 1970 onward can be fitted with an exponential curve: Trise ≈  .3743 ( exp(.0266*(year-1970)) –1 ).

This equation results in a 4 degree C rise by approximately the year 2070.

[image: image1.jpg]A Global Land-Ocean Temperature Anomaly (°C)

—— Annual Mean
—— S-year Mean





The excel spreadsheet has been updated to include the effect of the above trend and the relationship between rise rate and temperature rise of 3.4 mm/yr/°C according to http://www.sciencemag.org/cgi/content/abstract/1135456v1?etoc .

See  http://www.egpreston.com/greenlandicemelt.xls for the detailed results for this equation  that results in the 4 degrees C rise by about 2070.  Climatologists believe that a 4 degree rise is enough to melt Antarctica’s ice which will result in an additional 200 ft ocean rise.  By 2025 the oceans have risen about one foot from today.  It is interesting that this spreadsheet shows a 3 mm rise in the oceans each year at the current time, which is in good agreement with the actual rise being observed.  The exponential rise is justified because there are positive (run-away) feedback mechanisms in the Arctic and also because the burning of coal for electric power is rapidly increasing - see:

http://www.eia.doe.gov/oiaf/ieo/coal.html.

The Greenland ice accounts for about a 20 ft rise, Antartica ice about 200 feet, and the rest of glacial ice and ocean thermal expansion make for about a 250 ft total rise.  If this rise were to require 1000 years we would see 3 inches rise each year.  Yet the rise is only 3 mm each year, or 1/25th the 1000 year rise amount.  We have not yet entered the long period of ocean rising each year.  Probably when the ocean rises an inch each year we will have entered the ocean rise period of human history.  If ocean rise doubling occurs every 5 years, we will  have entered the ORP in about 15 years, or soon after the year 2020.

A personal account of what is happening to the Greenland ice is given by Paul Bennett in this excerpt from National Geographic Adventure magazine, page 110, November 2006 issue, “Greenland When Its HOT.”

…Back on the ice cap, things are heating up.  Literally.  Climatologist Konrad Steffen is trying to reestablish a weather station called JAR2, which has been incapacitated by melting ice.  So much of it has vanished from beneath the station that its measurements of snow and ice depth are now completely inaccurate.  To reset the station, Steffen needs to drill a hole 22 feet deep into solid ice.  But every time he gets down 10 or 15 feet, the drill finds a void caused, in part, by warming temperatures.  It’s frustrating work, and I swear I can hear Steffen curse the oil companies every time he has to restart the drill.

Early that morning the professor sets out alone on a snowmobile, armed with a sleeping bag, a pack of Marlboros, and an Iridium satellite phone, to scout a path through the crevasse field between Swiss Camp and the weather station.  JAR2 is uniquely positioned on the Jakobshavn Ablation Region (JAR), a jumbled and dangerous landscape that marks the point where the ice cap begins breaking apart and sliding, or ablating, into the Jakobshavn Glacier (and, eventually, spashing the shores of Ilulissat and drifting past kayakers near Aasiaat).

An ablation zone such as JAR is a liminal place where the imperceptible movement of the ice cap becomes freakishly perceptible.  In a few short yards the ice goes from rink smooth to a tangle of hummocks, ice cliffs, meltwater lakes, and all forms of deadly holes opening and closing as the ice cap moves toward the sea.  In the past few years the weather station has migrated half a mile and now sits in the middle of a crevasse field.


As I followed Steffen’s established route through this invisible minefield with the rest of the research team, I remembered the professor’s warning that rising temperatures have made the ice unstable.  “If you feel your Ski-Doo fall out from beneath you, put your arms out like this,” he said, shoving his arms straight to each side like a scarecrow.  “It saved me once.”


The work at JAR2 goes slower than expected, which is worrisome.  The longer we stay out here, the more the ice melts and the greater the chance that one of these holes will open up near us.  Steffen had hoped to be done early and to head back to Swiss Camp before the heat of the day.  But by noon he has drilled ten holes to no avail.


The air is warmer at JAR’s lower elevation, and the winds nonexistent.  Everyone pulls off their ski masks and hats.  Restless, NASA scientist Zwally decides to take a little stroll out to the hummocks that surround JAR2.  I tag along.  “Be careful,” Steffen intones as we pad softly away.  He sticks his arms out to remind me about crevasses.


Zwally has been coming to Greenland for 13 years, nearly as long as Steffen.His role is to monitor the movement of the ice cap by maintaining eight GPS stations at various elevations and distances from Swiss Camp.  His data on rising ice velocities are as disturbing as Steffen’s on rising temperatures.  In 2002 the pair wrote a paper that shocked the scientific community and found its way into the New York Times.  In it they theorized that meltwater on the surface of the ice cap was draining through enormous moulins down to rock 3,937 feet below.  There the water acted as a lubricant, causing the ice cap to slide more quickly into the sea.  Zwally’s GPS measurements show that the moulins’ effect is more than just a theory:  The Jakobshavn Glacier is moving into the sea twice as fast today as it was ten years ago.


Zwally grumbles sometimes over his shoulder about following in his footsteps.  I can see indentations in the light snow, evidence of cracks and mini-crevasses.  Zwally reads the terrain and putters a path around them.  I dutifully follow.  After a quarter mile of padding along carefully like old men in a convalescent home, Zwally stops on a mound of glistening ice that slopes downward.  In the distance lies a brilliant blue meltwater lake sitting in a bowl of white ice towers.  It’s stunning, and I make a joke about developing condos along its edge.  But Zwally’s mind is elsewhere.  He’s thinking about moulins, which some scientists believe form under these lakes.  No one is exactly sure because moulins are, hands down, the most dangerous phenomenon on ice, and few people have ever gotten near enough to study them.  If Zwally’s theory is correct, some may be a mile deep, filled with mad- rushing water.  One misstep and you might be on your way to the bottom of the ice cap.  Zwally relates a story about David Drewry, a British glaciologist who fell into a meltwater stream and was whisked along for several hundred yards, stopping short of a Moulin by a mere hundred yards.  A colleague of Steffen’s wasn’t so lucky and disappeared for good into one of these holes.


Zwally is fascinated by moulins because they may be a localized mechanism for accelerating the effects of global climate change.  With temperatures slightly warmer than freezing, meltwater is an important tool for transmitting heat around the ice sheet.  When it sits in a lake, its effect is limited to the ice directly proximate to it.  But when it moves, it spreads heat across a large area.  Moulins may move meltwater – and the heat it carries – across great distances, with profound effects on the health of the glaciers an on the climate in general.  Zwally tells me that Steffen has a NASA grant to return to the ice cap with a helicopter later in the summer, when the melting is at its peak.  “He’s bringing a fiber-optic camera with a half mile long tether,” he says with a certain hint of envy.  “He’s going to put this thing down a Moulin.  It will be very cool.”


Coolness aside, there is the very real possibility that Steffen will discover something in these moulins that will fill in critical gaps in our understanding of how climate change is affecting Greenland, and vice versa.  He might, for example, be able to link up the soaring temperatures in Swiss Camp to the instability of the glaciers, and that instability to the clogged Jakobshavn Icefjord, the halibut-filled currents of Ilulissat, and eventually the icebergs banging into the docks in Aasiaat.  What’s really cool – but just as terrifying – is how fast all of this is happening and how quickly scientists such as Zwally and Steffen have to move just to stay on top of it from year to year.


A shout from up-glacier breaks the climate-change lesson.  The team has drilled a successful hole.  But it’s four in the afternoon and the ice is melting at its quickest now.  Zwally tells me it’s time to move fast.

A comment by Gene.  It does not appear to have occurred to the scientists Zwally and Steffen that if the moulins are already large and spread over large areas, that the ice sheet could collapse at any time.  I will try to contact them and plant this idea with them.

Thanks Paul for a great article.  My wife and I have subscribed to National Geographic Adventure for only two months and already this great article has appeared and may help change the course of history.  It surely opened my eyes!

Gene Preston…

June 10, 2006 -  The Greenland Ice is much closer to breaking up than I originally stated in my writeup on May 24, 2006 (next page).  I was speculating the ice could break up within 50 to 100 years.  In reality, the ice could break up in much less time.  I am guessing most of the ice will be gone in 20 years, depending on the amount of surface melt each year.

The movie “An Inconvenient Truth” shows a video of a river of summer surface melt-water in the interior of Greenland flowing into a huge crack.  The water disappears into a hole.  The movie states that scientists believe the water is plunging to bedrock and staying as a liquid underneath the ice.  This is a much more rapid mechanism for the melting of Greenland’s ice than the hundreds of years process I had outlined previously.  We are in agreement that Greenland’s ice will be floating on a bed of water.  The movie shows that this water can be observed in satellite imagery as a slight darkening of the ice (although NASA seems to hide this).  When this is observed, the ice is about ready to breakup.  This is currently the situation in Greenland as well as parts of Antarctica.  The ice is showing signs of becoming honeycombed with ice melting on the surface and plunging to bedrock.

This surface melt mechanism is a much more rapid transfer of heat mechanism than I speculated about in my original writeup on May 24.  I had noted that the temperatures in http://www.ncdc.noaa.gov/paleo/icecore/greenland/summit/document/gispinfo.htm  did not agree with the rate of heat flow through ice, which would normally take hundreds of years. 

The surface melt and drainage is a heat transfer mechanism that is very rapid and depends only on the summer surface melt.  Even though snow and ice occurs in the winter, it will not cause a refreeze of the water from the previous summer.  Therefore the annual average temperature is no longer of as much importance.  The only thing that matters now is the amount of summer surface melt and the cracks in the ice that allow this water to plunge to the interior and base of the ice.  The melt-water is weakening the deep ice structure.

These web sites give melting info about what is actually happening on the surface of the interior of the Greenland ice in the summers:

http://earthobservatory.nasa.gov/Study/vanishing/  

http://cires.colorado.edu/science/groups/steffen/ 

http://amap.no/acia/    and   http://www.ipcc.ch/  
http://amap.no/workdocs/index.cfm?dirsub=%2FACIA%2Foverview
http://data.giss.nasa.gov/gistemp/2005/ shows extreme polar heating in 2005

http://svs.gsfc.nasa.gov/stories/greenland/ 2006 NASA report – less ice, more ocean

http://www.jpl.nasa.gov/news/news.cfm?release=2006-023 latest reports...

http://www.nasa.gov/centers/goddard/news/topstory/2005/arcticice_decline_prt.htm 

The Greenland inland ice on the western shore is likely to keep breaking up rapidly, marching eastward.  This is just now causing measurable rises in the oceans.  The melting ice is likely to become one of the biggest stories of our times, affecting public policies and our lives.  The ice may last 50 years, but the public outcry will have occurred much earlier.

E. G. Preston

http://www.egpreston.com
Most Recent Information:

Ice data center info: http://nsidc.org/
James Hansen’s latest information http://www.giss.nasa.gov/research/news/20060925/ and at http://www.nasa.gov/centers/goddard/news/topstory/2006/world_warmth.html .

Recommendation for avoiding a world wide disaster.  This is from a respected scientist who first recognized the CFC problem.  Dr James E. Lovelock's book “The Revenge of Gaia: Why the Earth Is Fighting Back and How We Can Still Save Humanity” (Perseus, 2006)
Dr Liang Yang at the University of Texas predicts global warming is certain to melt all the Artic and Antarctic ice within a couple of hundred years - see his site at: http://www.geo.utexas.edu/climate.  If you cannot locate his paper on this topic, I have a copy of it posted here: https://webspace.utexas.edu/egp59/ClimateChange1.ppt .

http://www.nytimes.com/2006/07/27/opinion/27doran.html?ex=1154664000&en=cd00c28c56fb1287&ei=5070&emc=eta1  

http://laps.noaa.gov/albers/bookmarks_wx.html and scroll down to the Greenland Ice info.

Satellite Gravity Measurements Confirm Accelerated Melting of Greenland Ice Sheet 
J. L. Chen, C. R. Wilson, and B. D. Tapley 

Science published 10 August 2006, 10.1126/science.1129007

http://www.sciencemag.org/cgi/content/abstract/1129007v1 

If the arctic is already in a switching mode to no ice, then that process may have a constant second derivative (the rate of change of the change) may be constant, the doubling of ice melt each 5 years may be constant, rather than the first derivative, the rate of ice melt each year being a constant.   I have prepared a simple spread sheet showing how long it will take Greenland’s ice to melt if the doubling each year is the new constant.  In 2058 all the ice will be melted according to http://www.egpreston.com/greenlandicemeltold.xls .

More updates:

http://www.engr.utexas.edu/news/articles/200608101082/index.cfm
http://www.jpl.nasa.gov/news/news.cfm?release=2005-176 

http://www.universetoday.com/am/publish/grace_greenland.html 

http://www.utexas.edu/opa/news/2006/08/engineering10.html?AddInterest=1285 

http://www.finfacts.com/irelandbusinessnews/publish/article_10006908.shtml 

http://www.climatewarning.org/topics/greenland.html 

http://www.evworld.com/view.cfm?section=communique&newsid=12750 

------------

http://www.theaustralian.news.com.au/story/0,20867,20332352-601,00.html is an example of a heading that says the opposite of the scientific article itself which is posted here:

http://www.cmar.csiro.au/e-print/open/projections2001.pdf#search=%22Intergovernmental%20Panel%20on%20Climate%20Change%20CSIRO%22 is an older study

http://www.climatetechnology.gov/library/ipcc/wg3-4ar-review.htm is one of the draft reports cited.  My sense is there is some in-fighting going on in preparing this report.

------------

http://www.google.com/search?hl=en&lr=&q=greenland+ice+melt+update+2006 for the latest updates.

* Warmer Winters Cause Remarkable Loss of Arctic Sea Ice
http://www.livescience.com/environment/060913_arctic_ice.html
Sea ice in the Arctic winter has fallen by 6 percent over each of the last two winters, much more than in previous years.  Sept 2006

* Sun's Variations Have Little Effect on Global Warming

http://www.livescience.com/environment/060913_sun_warming.html
Changes in the brightness of the Sun had little affect on Earth's unusual warming since the 17th century.    Sept 2006

* 2006 Hotter Than Ever So Far in U.S.
http://www.livescience.com/environment/060914_hot_year.html
The first eight months of 2006 was the warmest in the continental United States since record-keeping began in 1895, NOAA officials said today. 

http://www.realclimate.org/index.php/archives/2006/03/greenland-ice-and-other-glaciers/ 

has interesting data and comments from readers.

Start Planning Now For The Melting of Greenland’s Ice

May 24, 2006 -  Based on recent research, it is now wise to plan on a 25 foot rise in the oceans within the next 100 years.  The ~1.7 million cubic km of land locked ice in Greenland is sufficient to cause a 23 ft rise.  This report is a scenario how Greenland’s ice will melt and eventually flood a new facility constructed today that is at an elevation less than ~25 ft.

Ref 1:  http://www.sciencemag.org/cgi/content/abstract/282/5387/268 reports the Earth's heat flux in Greenland is 51.3 mW/m2.  The worldwide average is about 80 mW/m2 which includes hot spots; therefore 50 mW/m2 appears to be a reliable value.  This is the continuous heat that comes from within the earth which causes the base of the Greenland ice to be much warmer than the surface.  The surface of Greenland’s ice must be extremely cold to remove this heat and keep the ice frozen at the base of the ice.

Ref 2:  http://www.ncdc.noaa.gov/paleo/icecore/greenland/summit/document/gispinfo.htm 

gives –9 (C at a depth of 3000 meters and –31 (C average at the surface.  We would expect the 50 mW/m2 to be consistent with the (31–9) = 22 (C temperature difference, but it isn't.  The temperature difference is only 1/3rd of what it should be for this thickness of ice.

Ref 3:  http://www.engineeringtoolbox.com/ice-thermal-properties-d_576.html gives the thermal conductivity of ice as ~2.3 W/m(C.  If the column of ice is 1 m2 and 3000 meters high with a heat flux of .05 W/m2 flowing up from the Earth, then the steady state temperature difference from bottom to top is (.05)(3000)/2.3 = 65 (C, not 22 (C in ref 2.

Ref 4:  http://www.egpreston.com/icetemp.txt is a model of heat flow through 1000 meters of ice.  The program shows that only a few hundred years are needed for an average surface temperature change to propagate throughout the thick ice.  No more than ~1000 years is needed to reach steady heat flow through 3000 meters of ice.

Ref 5 and 6:

http://www.secretsoftheice.org/icecore/studies.html  and 

http://www.ncdc.noaa.gov/paleo/pubs/alley2000/alley2000.html  both show that the current Greenland interior surface temperature is an average of –31 (C which is consistent with ref 2.  They also show that before 10,000 years ago, the temperature was 20 (C colder, or –51 (C average at the surface.  Ref 4 shows that 10,000 years is sufficiently long to reach a steady state temperature distribution in the 3000 meter thick ice in ref 2 so there should not be such a large error between measured and calculated temperatures.

So how do we explain the huge discrepancy?  The only way all of this information can be true is that the heat transfer from the surface to the base is much more rapid than the thermal conductivity of ice can account for – or the melting of ice at the base has absorbed much of the energy from the Earth.  Another possibility is that the ice has cracks that let the cold surface air reach deep into the ice.

Ref 7:  http://www.realclimate.org/index.php?p=267 discusses ice cracks and presents a theory that melt water is running into the cracks.  This paper is suggesting that the melt water is coming from below rather than above.

Its not that important whether the ice is cracking from above or below or is melting from below.  In either instance the ice structure is weakened.  For the thicker ice in the interior, there is a greater chance that the base is warmer, not colder.  Also, the additional weight of the ice in the interior creates a structural problem.  The extra ice thickness means that the ice is more likely to be melted at the base and more likely to have the vertical sheer stresses necessary to cause it to break free from its own weight as the boundary of the glacial ice moves inland.  The diagram below shows the concept.


An important concept is that the thickening of ice in the interior regions may be a problem.  The base of the ice will be weaker and there will be more weight from the additional thickness.  The glacier may accelerate when it reaches these interior regions.  There could be a run-away situation at some point where the movement and collapse accelerates by orders of magnitude.

Ref 8: http://news.bbc.co.uk/2/hi/science/nature/4720536.stm indicates that this process may have already begun.  Notice that I have not taken into account any global warming effect in this analysis.  The –31 (C is the average temperature of the last 10,000 years.  A warmer surface temperature will take several hundred years to propagate through the thick ice.  More likely a warmer temperature would affect the rate at which glacial ice is removed and thus allow the glaciers to reach the interior of Greenland at a much faster pace.  So how likely is the atmosphere to warm up and at what rate?

Ref 9:  http://www.greenhouse.crc.org.au/crc/research/c2_bibliog.htm lists papers showing the Earth has been receiving about 10% less sunlight now than 50 years ago due mostly to air pollution and dust particles.  The papers project that the greenhouse temperature effect will become apparent when the air pollution in India and China are cleaned up.  The Nova program “Dimming of the Sun” had one researcher forecast a 17 degree F rise in global temperature in 100 years.  If true, that would certainly cause a much more rapid melting of Greenland’s glaciers.  Their research seems to be well supported with field measurements on the subject of the dimming of the sun.  It would be foolish to disregard such high quality scientific evidence.

E. G. Preston

http://www.egpreston.com
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