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What the ice is telling us.



Where we are going this morning

1. What (almost) everyone has heard about

2. Water vapor and clouds

3. Rejecting Sunlight (albedo) 

4. Arctic warming and mid-latitude winds

5. Sea-level rise

6. Averages can be dangerous to your health

7. Erring on the side of “minimal drama”
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• The overheating is not uniform and that is the major cause of 
damage, not the globally-averaged warming. 

• The continents have been heating up twice as fast as the ocean 
surface*, so hot-summer-afternoon monsoons* are stronger 
and penetrate the continent more deeply. 

• The increased temperature contrast over the coastlines can 
also rearrange the winds, affecting the delivery of ocean 
evaporation as domestic rainfall and snow. 

• Regional climates can change drastically. With a new path for 
the winds, one region may dry out while a neighboring region 
gets floods. Deluge and drought is the result, even though 
average rainfall over the continent may not change.



Major reduction in summer sea 
ice since 1936

• North shore of North America 
and Siberia

• East shore of Greenland

1936

2012
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Sea ice loss is 35 years ahead of schedule



"Overall, the Arctic has lost about 40% 
of its sea ice cover since 1980. 

Most scientists believe the Arctic 
could be entirely ice-free in the 
summers by the middle of the century –
if not sooner.“

Dr. Julienne Stroeve from the U.S. 
National Snow and Ice Data Center 
(NSIDC), 2013



Land-supported ice



Global Mean Annual Temperature
Hold thermometer in the air, 1 meter above the surface, 
and average over globe (70% ocean). So excludes ocean 
temperature increases.  The interior of continents run a 
fever about twice that of coastal margins. So for a global 
fever of 2°C, think 4°C for the interior (about 7°F).

With such a 2° fever, we lose all of the 
mountain glaciers, all of the coral reefs, 
and create enough climate refugees to trigger 
resource wars and genocides. 

A 1.6° fever will take Greenland into the local 
summer temperature range that produced a 6 m 
rise in sea level 125,000 years ago.
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University of Chicago Press 2008
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Mountain glaciers gone 
by 2050

William H. Calvin
University of Washington

Seattle, Washington USA

What the ice is telling us.
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Floating paper clip

Still, some water 
molecules are moving 
fast enough to escape. 

Called “evaporation.” 
Takes energy out of 
the water, felt as 
“evaporative cooling.” 20
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Water vapor without the other air molecules

Water in Air

1/3 increase
for 5°C warming

Warmer oceans put much 
more water vapor into the 
air  more rain & snow.



40% of the world’s population depends on 

the Himalayan watershed for water

Indus River

Yellow River

Yangtze River

Brahmaputra River

Ganges River

Salween River

Mekong River

Courtesy of Map Resources
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Fires Are Increasing World-Wide

Source: Westerling et al. 2006

Western US area burned
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Colorado snow with Utah dust
Utah dust blown onto Colorado’s Rocky Mountains

can double the heat absorbed.

29

Fresh snow reflects 90% back to space.
After surface melt, only 70% reflects.

Therefore the snow absorbs 3x 
as much heat the next day.

The same thing happens with dust and soot.A
lb

e
d
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Albedo measures how much of the incoming 
sunlight is reflected back out into space 
before it can warm up things.
• Powder snow reflects about 90%.

• First afternoon above freezing, 70%.  3X↑

• Slush, being gray, only reflects about half. 

• Water, being dark, only reflects about 10%.

So when floating ice melts, go from 
reflecting 90% to absorbing 90%.



The viscous cycle 
of ice-albedo 
feedback

↑Warms 
↑ Dark water 
Warms ↑↑ 

↑↑↑ dark ocean




This grayscale, plunging over time, 
constitutes an automatic mechanism for 
warming things up even more. 

A little bump up in temperature may 
start an entire self-destructive cascade 
of events, even if you withdraw the 
original cause, just like you cannot “take 
back” what started an avalanche.



The viscous cycle of 
ice-albedo feedback 
also applies to 
tundra

↑Warms 

↑ greener tundra 

Warms ↑↑ 

↑↑↑ green tundra 
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So, where do the two jet 
streams come from?





The atmosphere’s 
general circulation is 
organized into three 
circumferential cells 
in 
each 
hemisphere, 
accounting for 
the trade winds 
and the westerlies, 
separated by the 
subtropical highs 
that create dry 
deserts. 

At equator,
24,000 miles
in 24 hours 
= 1,000 mph
to the east.

At 60N,
12,000 miles
in 24 hours 
= 500 mph
to the east.

If NB air moving 600 mph eastward arrives 
where the local air is only moving 590 mph, it 
continues at 600 mph, as if it were a 10+ mph 
wind from the SW. The Coriolis effect is just 
conservation of momentum. From the surface, 
the wind appears to “turn right” in the NH.

The “General Circulation”
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Land temperature has risen twice as fast as 

global average temps.
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Equator           Arctic

The research has indeed found a correlation between
500hPa height autumnal windspeeds and Arctic sea
ice annual minima - both have gone down, as the
following graph shows:

above: how the drop in high-altitude winds in autumn
over the past 30 years (solid line) has closely tracked
the decline in Arctic sea ice (dashed line).

Francis, J. A. and S. J. Vavrus, 2012: Evidence Linking
Arctic Amplification to Extreme Weather in Mid-
Latitudes, Geophys. Res. Lett., Vol. 39, L06801,
doi:10.1029/2012GL051000 PDF

 Weaker winds

Evidence Linking the Arctic Amplification of Overheating to the Extreme Weather in Mid-Latitudes

http://marine.rutgers.edu/~francis/pres/Francis_Vavrus_2012GL051000_pub.pdf
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When the 
land slopes 
gradually, the 
flow is slow 
and meanders 
can develop.

Tributary of 
Amazon in Peru



Atmospheric Rossby waves are giant meanders in 
high-altitude winds that are a major influence 
on weather.

Rossby waves are easy to observe as 4-6 large-
scale meanders of the jet stream, drifting 
eastward. 

When these deviations become very pronounced, they 
detach the masses of cold, or warm, air that become 
cyclones and anticyclones and are responsible for day-
to-day weather patterns at mid-latitudes. 



Blocking 

high

Very fast 

jet



European summer 
land temperatures 
from 1500 to 2010

Lots of new highs 

recently. 

The hottest year 2010 

jumped far off the 

usual curve.

This is no longer 

gradual overheating.
47

Barriopedro, D. et al. 
The hot summer of 2010: Redrawing the temperature record 

map of Europe. Science 332, 220–224 (2011).



TENTITIVE CONCLUSION (2012):

48
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500 hPa vertical velocity (Pa/S) in July from ERA-40 reanalysis, 1979-2001 average

Rising air near 
equator

Falling air over 
Mediterranean

July averaged pattern of Rise and Fall

USA

SAHARA

EQUATOR

CHINA

EQUATOR



Where we are going this morning

1. What (almost) everyone has heard about

2. Water vapor and clouds

3. Rejecting Sunlight (albedo) 

4. Arctic warming and mid-latitude winds

5. Sea-level rise

6. Averages can be dangerous to your health

7. Erring on the side of “minimal drama”







Saltwater can get beneath ice shelves and 
unstick them from the bottom, exposing 
them to the tides every day, and 
eventually breaking them up. While this 
doesn’t raise sea level directly, it is like 
uncorking a bottle. The ice streams uphill 
now meet less resistance and speed up. 
More of the ice sheet is pushed into the 
sea, instantly raising sea level. (Image 
adapted from NASA’s “A Tour of the 
Cyrosphere.”)
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IPCC AR5 

projected 

sea level 

rise. Others 

say it will be 

67% greater.

56IPCC AR5 2013
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Sea ice loss is 35 years ahead of schedule





The common 
assumption is 
that glaciers 
decline in the 
manner of 
winter snow, 
running off in 
creeks. 
Sometimes 
they do.

Photograph by Wing-
Chi Poon of the toe 
of the Athabasca 
glacier in the 
Columbia Icefield, 
Canada. This glacier 
has retreated ~1500 
m since the late 19th 
century.



Looking north at the shoulder 
of the Greenland ice cap

Notice all of the blue 
ponds between the 
coastline and the 
central ice mass.

Notice there are no 
rivers draining them.

shoulder





Pasted from 
<http://www.whoi.edu/oceanus/viewImage.do?id=17710&aid=9126> 

Greenland melt water lake, draining into crevasse. 
Photo by Sarah Das, WHOI

http://www.whoi.edu/oceanus/viewImage.do?id=17710&aid=9126


Meltwater stream 
in Greenland feeds
this mile-high 
waterfall to the 
base of the ice cap, 
creating rotten ice 
at the base, plus a 
liquid cushion under 
the ice that allows 
it to slide downhill 
more easily.
Photo of moulin thanks to Roger Braithwaite, University of 
Manchester (UK).
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• There is no sea-level rise from melting 
floating ice. But tides can whittle away at 
tidewater glaciers*, undermine them, and set 
them adrift as icebergs*. 

• Having to push offshore ice out of the way 
slows down a glacier’s  downhill journey.

• Relieving the uphill ice from such 
obstructionism speeds up pushing ice into the 
ocean. And that does produce a rise in sea 
level everywhere.



DC +6m
White House

Capitol Hill

6 m (20 ft)
rise in

sea level

And, speaking of 
obstructionism…



The 
Tortoise 
and the 

Hare

Reaction times

• The IPCC reports treat 

climate as if it moved in a 

stately manner like a 

tortoise.

• They all assume that the 

Hare conveniently takes 

a long nap. 

• That is not a safe 

assumption.
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The people who study the abrupt climate 
shifts of the past have an aphorism:

Climate is like a drunk: 

Left alone, it sits.  

Forced to move, it staggers.

67
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Food riots (# deaths)

FAO Food Price Index

http://arxiv.org/pdf/1108.2455v1.pdf


My books and talks
may be found at:

WilliamCalvin.org

The End

Edvard Munch, The Scream
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