
CLIMATE CHANGE
WHAT IS IT?

WHERE IS IT GOING?

AND HOW DO WE KNOW?

CHAPTER 7

Where Did Those 
Glaciers Go?



IF WE WANT TO USE SHRINKING GLACIERS TO CORROBORATE OUR 

SENSE THAT TEMPERATURES ARE INCREASING, WE NEED TO 

OBSERVE WHETHER THEY ARE SHRINKING. IF WE FIND A “YES”

ANSWER TO THAT, WE NEED TO ASK WHY.



A FEW LINKS ABOUT MEASURING GLACIERS:

Methods of measuring glaciers including satellite methods, some 

general information about current retreat of most glaciers, short 

discussion of exceptions due to local climate and/or calving glacier 

dynamics.  Link to a list of references. A NASA site:)

http://glacier-bay.gsfc.nasa.gov/hall.science.txt.html

Glacier facts and statistics

http://www.solcomhouse.com/icecap.htm

Here is the World Glacier Monitoring Service:

http://www.geo.unizh.ch/wgms/

If you really want to dig into glacier data, try the National Snow and 

Ice Data Center at

http://nsidc.org/data/docs/noaa/g01130_glacier_inventory/



1. ARE ALL, OR AT LEAST MOST, OF THE WORLDS 

GLACIERS LOSING MASS?

2. IF SO, IS IT BECAUSE OF EXCESS MELTING, OR IT IS 

CAUSED BY SOMETHING ELSE SUCH AS INSUFFICIENT 

SNOW?

3. IF A GLACIER IS GROWING RATHER THAN SHRINKING, 

IT IS BECAUSE THE CLIMATE IS NOT WARMING OR IS IT 

BECAUSE OF SURGING OR SOME OTHER INTERACTION 

BETWEEN THE GLACIER AND ITS BED.  (SUCH 

INTERACTIONS ARE KNOWN TO HAPPEN ESPECIALLY 

FOR GLACIERS THAT END IN BODIES OF WATER).

4. ARE WE BEING FOOLED BY GLACIERS THAT MELT 

RAPIDLY AS A RESULT OF A SURGE?

WE ARE GOING TO ASK:



ARE WE BEING FOOLED BY GLACIERS THAT MELT 

RAPIDLY AS A RESULT OF A SURGE?

THIS IS PRETTY UNLIKELY, BECAUSE SURGING 

GLACIERS ARE PRETTY RARE.  SOME NEVER SURGE.  

OTHERS SURGE REGULARLY, BUT GENERALLY ONLY 

ONCE IN SEVERAL DECADES WITH THE SURGE LASTING 

ONLY A FEW MONTHS.  ALSO SURGES ARE OBVIOUS 

WHEN THEY HAPPEN.

ON THAT LAST QUESTION---



IS THERE A TENDENCY FOR GLACIERS TO LOSE 
MASS?

THE ANSWER SEEMS TO BE “YES” FOR MOST 
GLACIERS.  ONE TYPE OF EVIDENCE IS FROM 

PICTURES OF GLACIERS.

THERE ARE MANY CASES WHERE SOMEONE 
TOOK A PICTURE OF A GLACIER MANY YEARS 

AGO, SHOWING IT TO BE HEALTHY, AND 
SOMEONE (ELSE) TOOK A RECENT PICTURE AT 
THE SAME LOCATION.  THE RECENT PICTURES 

ALMOST INVARIABLY SHOW A SHRUNKEN 
GLACIER.



IT IS NOT HARD TO FIND THESE “BEFORE AND AFTER” PICTURES 

ON THE INTERNET.

I HAVE ONLY TAKEN ONE SET OF THEM MYSELF, OF ST. 

MARY’S GLACIER IN COLORADO.

TAKE THIS LINK TO FIND MY PICTURES.  BUT DON’T 

FORGET TO COME BACK.

http://www.gibbworld.com/stmary.html



HERE ARE SEVERAL LINKS WITH “BEFORE AND AFTER”

PICTURES OF SHRINKING GLACIERS:

http://nsidc.org/data/glacier_photo/special_collection.html

(AROUND THE WORLD)

http://www2.nature.nps.gov/geology/GLBA/glaciers.htm

(GLACIER BAY, AK)

http://www.swisseduc.ch/glaciers/morteratsch/comparison/index-en.html

(GLACIERS IN SWITZERLAND)

http://www.worldviewofglobalwarming.org/pages/glaciers.html

(FOR SOME OF THESE, YOU HAVE TO DRAG THE CURSOR ACROSS THE 

PICTURE FROM LEFT TO RIGHT TO SEE THE SECOND IMAGE.)

http://www.npr.org/templates/story/story.php?storyId=6369091

(ALASKA, AGAIN)



PICTURES OF SPECIFIC GLACIERS ARE OK, BUT WHAT 

ABOUT A GOOD, SYSTEMATIC LOOK AT THE WORLD’S 

GLACIERS?

YOU CAN FIND ONE SCIENTIFIC PAPER LIKE THIS AT:

http://instaar.colorado.edu/other/download/OP55_glaciers.pdf

One of its data tables gives data on mass loss (or gain) for a group of 39 

glaciers for which there is a long record of observations (going back to the 

1940’s in a few cases and back to the late 1960’s for most of them.

I drew a graph of the mass gain or loss from this table.  It will show what these 

glaciers have been doing each year back to 1953.  Look at the next slide for 

this graph.

There was data for more than 5 glaciers after 1953, for more than 10 after 1957, 

for more than 20 after 1962, and for more than 30 after 1966.



MASS BALANCE (CHANGE IN MASS OF A GLACIER)
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Zero means no 

change in 

mass.

Above zero 

means 

glaciers are 

growing.

Below Zero 

means 

glaciers are 

shrinking.

These numbers represent average mass 

gained or lost by a glacier.  If you take the 

mass change, melt it into water, and 

spread it over the whole glacier, it would 

be this number of millimeters thick.

(Sorry, that’s how they like to express it.)

Notice the trend 

toward greater mass 

loss after 1970.

Very 
small 

sample 
here.



MASS BALANCE (CHANGE IN MASS OF A GLACIER)
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IT IS FUN TO COMPARE 

THIS GLACIER GRAPH WITH 

THE TEMPERATURE GRAPH 

FROM CHAPTER 2 AND 

WATCH THE GLACIERS GO 

DOWN AS THE 

TEMPERATURE GOES UP.



MASS BALANCE (CHANGE IN MASS OF A GLACIER)
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BY THE WAY, THERE IS 

ALSO A LOT OF EVIDENCE 

THAT GLACIERS WERE 

SHRINKING DURING THIS 

PERIOD, TOO.  THIS 

EVIDENCE CONSISTS OF 

LOOKING AT THE RESIDUE 

LEFT BY GLACIERS, SINCE 

THERE WAS LITTLE 

ACTUAL MEASUREMENT 

OF THEM AT THE TIME.



SO AT LEAST FOR THIS SAMPLE OF 
GLACIERS, THERE IS EVIDENCE OF MASS 
LOSS DURING THE TIME THAT THE GLOBE 

WAS WARMING.

BUT IT WOULD BE NICE TO HAVE DATA ON A 
LARGER NUMBER OF GLACIERS, AND IT 

WOULD BE EVEN BETTER TO HAVE SOME 
WAY TO CHECK WHETHER THE SUPPLY OF 

SNOW HAS DECREASED.

ALTHOUGH SPECIFIC DATA ON GLACIER 
SNOWFALL HAS FREQUENTLY NOT BEEN 
GATHERED OVER THE YEARS, THERE IS 

ANOTHER WAY TO GET AT IT.



GLACIER MASS HAS OFTEN 
BEEN MEASURED BY PEOPLE 
TRAMPING AROUND ON THEM 

CHECKING THE HEIGHT OF 
SNOW AND ICE ON STAKES.

MORE RECENTLY, LASER 
RANGING FROM 

AIRPLANES HAS BEEN 
USED TO DETERMINE THE 
HEIGHT OF THE ICE AND 

SNOW.



SUCH MEASUREMENTS HAVE BEEN MADE IN BOTH 
SUMMER AND WINTER.  SO THE MASS 

ACCUMULATION IN THE WINTER CAN BE CHECKED 
AS WELL AS THE MASS LOSS IN THE SUMMER.



THE PAPER PREVIOUSLY QUOTED ALSO SUMMARIZED 

THE AVAILABLE DATA ON A LARGER SAMPLE OF 280 

GLACIERS.  AMONG THE CONCLUSIONS:

1. MELTING HAS INCREASED DURING THE SUMMER.  DURING THE 

PERIOD THEY STUDIED (1945 – 1998) IT AVERAGED ABOUT 1.7 

METERS OF WATER PER YEAR.  (THAT MEANS IF YOU TAKE THE 

MELTED WATER PRODUCED BY THE AVERAGE GLACIER AND 

SPREAD IT OVER THE WHOLE GLACIER, IT WOULD COME TO 1.7 

METERS. THAT IS ABOUT 5.6 FEET.

2. IT DOES NOT MEAN 5.6 FEET OF SEA LEVEL RISE.  IT SPREADS 

OVER A MUCH LARGER AREA IN THE OCEAN.

MELTED: 

5.6 FEET



MELTED: 

5.6 FEET

1. ACCUMULATION OF MASS ON THE GLACIERS DURING THE 

WINTER ALSO INCREASED DURING THE TIME PERIOD STUDIED.  

IN TERMS OF WATER SPREAD OVER THE AVERAGE GLACIER, IT 

AMOUNTED TO ABOUT 1.5 METERS.  THIS IS ABOUT 4.9 FEET. 

(OF WATER EQUIVALENT)

THE PAPER PREVIOUSLY QUOTED ALSO SUMMARIZED 

THE AVAILABLE DATA ON A LARGER SAMPLE OF 280 

GLACIERS.  AMONG THE CONCLUSIONS:



MELTED: 

5.6 FEET

1. ACCUMULATION OF MASS ON THE GLACIERS DURING THE 

WINTER ALSO INCREASED DURING THE TIME PERIOD STUDIED.  

IN TERMS OF WATER SPREAD OVER THE AVERAGE GLACIER, IT 

AMOUNTED TO ABOUT 1.5 METERS.  THIS IS ABOUT 4.9 FEET. 

(OF WATER EQUIVALENT)

2. ALTHOUGH  NOT EXACTLY THE SAME THING AS SNOWFALL, 

THIS IS A STRONG INDICATION THAT LACK OF SNOW IS NOT 

THE PROBLEM.

THE PAPER PREVIOUSLY QUOTED ALSO SUMMARIZED 

THE AVAILABLE DATA ON A LARGER SAMPLE OF 280 

GLACIERS.  AMONG THE CONCLUSIONS:



1. ACCUMULATION OF MASS ON THE GLACIERS DURING THE 
WINTER ALSO INCREASED DURING THE TIME PERIOD STUDIED.  
IN TERMS OF WATER SPREAD OVER THE AVERAGE GLACIER, IT 
AMOUNTED TO ABOUT 1.5 METERS.  THIS IS ABOUT 4.9 FEET. 
(OF WATER EQUIVALENT)

2. ALTHOUGH  NOT EXACTLY THE SAME THING AS SNOWFALL, 
THIS IS A STRONG INDICATION THAT LACK OF SNOW IS NOT 
THE PROBLEM.

3. ALSO, WINTER ACCUMULATION FALLS SHORT OF SUMMER 
MELTING.

ACCUMULATED:

4.9 FEET

MELTED: 

5.6 FEET

THE PAPER PREVIOUSLY QUOTED ALSO SUMMARIZED 

THE AVAILABLE DATA ON A LARGER SAMPLE OF 280 

GLACIERS.  AMONG THE CONCLUSIONS:



SO THE MELTING OUTWEIGHS THE SNOW 

ACCUMULATION.  THAT WOULD MAKE THE 

GLACIERS RETREAT.

BUT LACK OF SNOW DOES NOT SEEM TO BE THE 

PROBLEM, BECAUSE SNOWFALL SEEMS TO 

HAVE INCRESED.  BUT MELTING HAS 

INCREASED AS WELL.

ACCUMULATED:

4.9 FEET

MELTED: 

5.6 FEET



IT IS NOW POSSIBLE TO STUDY MANY MORE GLACIERS.  THERE 

WAS A RESEARCH PAPER IN SCIENCE MAGAZINE RECENTLY 

THAT GATHERED A LOT OF THAT INFORMATION.  IT IS 

Glaciers Dominate Eustatic Sea-Level Rise in the 21st Century, by Meier et. 

Al., SCIENCE, Vol 317, Aug., 24, 2007, Pg. 1064

DON’T WORRY ABOUT THAT WORD “EUSTATIC”.  IT MEANS SEA LEVEL 

CHANGE DUE TO ADDED WATER (OR REMOVED WATER).

YOU CAN FIND AN ABSTRACT OF THE ARTICLE AT 

http://www.sciencemag.org/cgi/content/abstract/317/5841/1064?rss=1 .  

IF YOU ARE A MEMBER OF AAAS, YOU CAN GO FROM THE ABSTRACT TO THE

FULL ARTICLE.  MANY LIBRARIES HAVE SCIENCE MAGAZINE ANYWAY.

SEE A DISCUSSION OF IT AT 

http://www.climateshifts.org/?p=86http://www.climateshifts.org/?p=86 .  

THERE IS ANOTHER DISCUSSION AT 

http://www.nsf.gov/news/news_summ.jsp?cntn_id=109759&org=ARC

FROM THE NATIONAL SCIENCE FOUNDATION, WHICH FUNDED THE STUDY.  THESE 

ARE PROBABLY EASIER TO READ THAN THE PAPER ITSELF.



IN GENERAL, THIS PAPER CONCLUDED:

1. ICE LOSS FROM ALL SMALLER GLACIERS AND ICE CAPS 

(WHICH MEANS PRETTY MUCH ALL THE ICE IN THE WORLD EXCEPT 

FOR THE GREENLAND ICE SHEET AND THE ANTARCTICA ICE SHEET) 

ACCOUNTED FOR ABOUT 60% OF THE WORLD’S ICE LOSS.  

(THE REST IS FROM THE 2 BIG ICE SHEETS – NEXT CHAPTER.)

2. THIS ICE LOSS ACCELERATED DURING THE DECADE PRIOR TO 

THE PAPER (WHICH WAS PUBLISHED IN 2007).

3. THIS ACCOUNTED FOR MAYBE HALF OF THE SEA LEVEL RISE 

(THE REST WAS FROM THERMAL EXPANSION OF THE SEA WATER).  

THEY PROJECTED AROUND 4 TO 10 EXTRA INCHES OF SEA 

LEVEL RISE BY 2100 FROM THIS CAUSE ALONE.

4. THE ICE LOSS WAS CAUSED BY MELTING AND ALSO “A 

DYNAMIC INSTABILITY THAT IS GENERALLY NOT CONSIDERED 

IN MASS-BALANCE AND CLIMATE MODELING”. (SEE NEXT SLIDE)







I GOT THIS PICTURE OF MELTWATER SINKING INTO A GLACIER AT 

MEADE GLACIER IN ALASKA.  THIS ONE IS NOT SLIDING TOO FAST, 

BUT THE WATER DOESN’T ALWAYS FORM THE RIGHT KIND OF FILM 

AT THE BOTTOM.

THIS DOESN’T DETRACT FROM THE ROLE OF MELTING IN ICE LOSS, 

BUT IT CAN FORM A FEEDBACK THAT ENHANCES THE EFFECT OF 

MELTING.  YOU CAN LISTEN TO DR. MEIER DISCUSS THIS IN AN 

INTERVIEW AT 
http://www.nsf.gov/news/news_videos.jsp?org=ARC&cntn_id=109759&media_id=61388 .



THE PAPER ALSO CONCLUDED THAT THE RATE OF ICE LOSS IS 

ACCELERATING – FROM ABOUT 300 BILLION TONS PER YEAR IN 

1996 TO AROUND 400 BILLION TONS PER YEAR IN 2006.

20061996

WHEN THE EFFECTS OF THE ICE SHEETS IN GREENLAND AND 

ANTARCTIA ARE INCLUDED, THERE ARE ABOUT 645 BILLION TONS 

OF ICE LOST PER YEAR (IN 2006) WITH THE MELTWATER 

ENTERING THE OCEAN.  THIS IS ENOUGH TO RAISE THE SEA 

LEVEL ABOUT 1.8 MILLIMETERS IN A YEAR.



HOW ABOUT THE GLACIERS THAT ARE 

NOT RETREATING?

Some are not retreating.  For example, there are an 

estimated 100,000 glaciers in Alaska.  A majority of these 

do no melting at all.  That is because they stay so cold 

that they are below the freezing point all the time.  

Warming of a few degrees still does not bring them up to 

the melting temperature.

WHY???

Because they are at a high altitude – several thousand 

feet above sea level.  It is cold up there.



LOOKING UP DENALI PARK’S 

KAHILTNA GLACIER (ABOVE).  

AT A HIGH ENOUGH ALTITUDE, 

THERE ARE NUMEROUS 

TRIBUTARY GLACIERS THAT 

SHOW LITTLE SIGN OF 

MELTING. COMPARE WITH 

KAHILTNA GLACIER ITSELF AT 

ITS LOW LEVEL TERMINUS 

(RIGHT).

ABOUT 4000 FT

ABOUT 1000 FT



ALASKA HAS SEVERAL THOUSAND GLACIERS WHOSE LOWER 

LEVELS ARE AT AN ALTITUDE  LOW ENOUGH TO MELT.  OF 

THESE ONLY ABOUT 8 OR 10 ARE ADVANCING.

THESE 8 OR 10 ARE ALL TIDEWATER GLACIERS THAT 

TERMINATE IN SHALLOW WATER AND LOSE MASS BY 

CALVING.

AS MENTIONED EARLIER, SUCH GLACIERS OFTEN DEFY 

CLIMATE DUE TO INTERACTIONS BETWEEN THE GLACIER AND 

THE GROUND UNDER IT.

HERE IS A SEMITECHNICAL DISCUSSION OF THIS KIND OF 

BEHAVIOR, FOR ANYONE INTERESTED:

http://www.wooster.edu/geology/tr/mkennedy.html

THIS DEALS WITH SUCH THINGS AS CALVING RATES vs WATER DEPTH, 

CHANNEL WIDTH, ETC.



A FAMOUS EXAMPLE OF AN ADVANCING GLACIER IS ALASKA’S 

HUBBARD GLACIER.  YOU MAY HAVE HEARD OF IT, BECAUSE IN 

1986, AND AGAIN IN 2002, IT ADVANCED FAR ENOUGH TO DAM UP A 

FJORD CALLED RUSSELL FJORD AND THE RIVERS DRAINING INTO 

IT.  THE RISING WATER THREATENED AN IMPORTANT ALASKAN 

FISHING AREA.

HUBBARD FROM SEVERAL MILES AWAY EXTENDING INTO THE WATER OF ALASKA’S 

DISENCHANTMENT BAY.  IT IS FAMOUS FOR CALVING.  RUSSELL FJORD IS BEHIND THAT DARK 

STRIP OF LAND ON THE RIGHT.



IN EACH CASE THE WATER BURST THROUGH THE DAM IN WHAT 

WOULD HAVE BEEN A DISASTEROUS FLOOD IF THERE HAD BEEN 

ANYTHING IN THE WAY BUT THE OCEAN.  THAT SAVED THE 

THREATENED AREA, BUT HUBBARD WILL PROBABLY BLOCK 

RUSSELL FJORD AGAIN SOMETIME.

Go to http://pubs.usgs.gov/fs/fs-001-03/ for basic statistics about 

advancing Alaskan glaciers and Hubbard Glacier. 

Try this one for the story of the  closing of Russell Fjord and the 

eventual breakdown of the dam.

http://ak.water.usgs.gov/glaciology/hubbard/index.htm

You can also find many pictures of the event here.



IN THE CASE OF HUBBARD GLACIER, 95% OF IT IS 

“ACCUMULATION AREA”, THE AREA WHERE SNOWFALL ADDS 

MASS TO THE GLACIER.  IN MOST GLACIERS, THAT IS A MUCH 

SMALLER PERCENTAGE.  THIS WOULD ADD ENOUGH MASS TO 

MAKE THE GLACIER EXPAND RATHER THAN CONTRACT.

95 %



CHECK THIS ONE OUT FOR MANY GREAT PHOTOS OF 

HUBBARD GLACIER AS WELL AS SEVERAL OTHER ALASKAN 

GLACIERS

http://www.susanmilne.com/glacier/glacier.htm#hub

A DISCUSSION OF THE RETREAT OF GLACIERS AND REASONS FOR 

IT:

http://www.pbs.org/journeytoplanetearth/about/expert_pdfs/molnia.pdf

HERE IS MY OWN GLACIER SITE WITH PICTURES, INFORMATION, 

AND LINKS ABOUT KAHILTNA, HUBBARD, AND SEVERAL OTHER 

GLACIERS:

http://www.gibbworld.com/glaciers/glacierpics.html



IN CONCLUSION:

RECENT STUDIES AND DATA SURVEYS SAY THAT THE 
MAJORITY OF GLACIERS ARE RETREATING OR LOSING 

MASS.

THIS IS  MOSTLY CAUSED BY INCREASED MELTING 
ALTHOUGH THERE MAY BE A LACK OF SNOW IN A FEW 

PLACES

THERE ARE A FEW EXPANDING GLACIERS, BUT THERE 
ARE LOCAL REASONS FOR THIS.  THEIR EXPANSION 
DOES NOT NEGATE THE GENERAL RULE THAT MOST 

GLACIERS ARE SHRINKING DUE TO CLIMATE CHANGE.



HOWEVER, WE HAVE NOT YET LOOKED AT THE 
WORLD’S LARGEST STOCKPILES OF ICE.  THEY 

ARE IN THE EARTH’S POLAR CAPS.  

IN THE NORTH, THAT MEANS THE THICK 
GREENLAND ICE SHEET AND, TO A LESSER 

EXTENT, THE FLOATING SEA ICE AROUND THE 
NORTH POLE.

IN THE SOUTH, THAT MEANS THE ENORMOUS 
ANTARCTIC ICE SHEET - BY FAR THE WORLD’S 

LARGEST RESEVOIR OF ICE.

THE NEXT CHAPTER BEGINS A LOOK AT ALL OF THIS 
POLAR ICE BY CHECKING OUT THE ARCTIC OCEAN.



CONTINUE ON AND RETURN TO 

THE GLOBAL WARMING MENU

THEN LOOK AT 

CHAPTER 8

“The Melting Pole”


